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El importante papel que muestra la educacién superior en la competitividad
global de los paises confirma a las universidades como un factor fundamental
para el desarrollo socio-econémico de una nacién. No cabe duda de que las uni-
versidades juegan un rol cada vez mas crucial en la provisiéon de conocimiento,
facilitando el desarrollo y siendo los principales actores de la innovacion regional
(OECD, 2007). Dehon et al. (2009) y Sanchez-Barrioluengo (2012) sefialan que
dicha transmision de conocimiento se realiza principalmente a través de las acti-
vidades de docencia, su generacion mediante la investigacion cientifica, mientras
que las actividades de transferencia se agrupan en la llamada “tercera misién”
de la universidad.

En los dltimos anos, el uso los rankings universitarios se ha convertido en
una de las herramientas més extendidas para la evaluacién de las instituciones
de educacién superior (Sanz-Casado and De-Filippo, 2011; Glanzel and Debac-
kere, 2009). De hecho, desde la publicacién, en 2003, de la primera edicién del
ranking de Shanghai (ARWU) !, y sucesivas iniciativas, tales como el Times
World University Ranking?, el QS World University Ranking®, el CWTS Lei-
den Ranking*, el Ranking de Webometrics®, etc., la valoracién del prestigio y
la reputaciéon de las universidades y los sistemas universitarios ha sido uno de
los focos de atencion del interés ptublico y politico. Cabe mencionar que en el
ambito nacional, destacan el proyecto U-Ranking® de la Fundacién BBVA y el
Instituto Valenciano de Investigaciones Econdmicas (IVIE) y el ranking de las
universidades espanolas a tu medida” de la Fundacién Conocimiento y Desarro-
llo.

Autores como Marope et al. (2013) sefialan que la existencia de los conocidos
rankings mundiales de universidades pone de manifiesto que las universidades
realmente estdn viviendo “en una época de mediciones y comparaciones”, lo cual
ha dado lugar a que los rankings pasen de ser “un producto de consumo” a “un
instrumento estratégico global” (Hazelkorn, 2013). Esto se debe principalmente
a la manera simple y sintética en la que ofrecen la informacién, lo cual facilita
las comparaciones entre las distintas universidades al tiempo que las simplifica.
Lamentablemente, segin la ltima edicién (2019) del Ranking de Shanghai, tan
solo el 15% del total de las universidades espafiolas estd entre las 500 primeras
instituciones universitarias del mundo, y de ellas tan solo una, la Universidad
de Barcelona, estd entre las 200 mejores. Este dato se menciona con frecuencia
como prueba de la limitada calidad y escasa proyecciéon internacional del Sistema
Universitario Espanol.

No obstante, a pesar de su amplia popularidad, a los rankings de univer-
sidades se les suele criticar por los fines que persiguen y por sus metodologias
(Climent et al., 2013). Por su parte, Rauhvargers (2011) sefiala que las criticas
que reciben los rankings universitarios son principalmente su limitada cobertura
y su opacidad. En esta linea, la mayoria de iniciativas que comparan institucio-
nes de educacién superior recurren a técnicas de agregacién simples, en especial
los rankings comerciales. Esto implica un caracter compensatorio entre los in-

Thttp://www.shanghairanking.com /es/
2https://www.timeshighereducation.com/world-university-rankings
3http://www. topuniversities.com/university-rankings
4http://www.leidenranking.com/

Shttp://www.webometrics.info/es
6http://www.u-ranking.es/index2.php
"http://www.rankingcyd.org/
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dicadores, y consecuentemente la imposibilidad de detectar las diferencias entre
universidades segun sus rendimientos en los diferentes indicadores. Asi, algu-
nos informes recientes (Rauhvargers, 2011), ponen de manifiesto la importancia
que tienen los criterios con los que se elaboran los rankings para acreditar su
relevancia e interpretar sus resultados. De esta manera, el valor otorgado a los
rankings estd ligado a como se elaboran, asi como a la métrica usada para ello.
En definitiva, la mayoria de los rankings ofrecen unos resultados bien ordina-
les, o numéricos de dificil interpretacion, por lo que ofrecen una informacion
limitada.

Partiendo de lo anterior, esta tesis doctoral persigue ir mas alld de la mera
elaboracién de un ranking del Sistema Universitario Piiblico Espanol. Para ello,
se propone una nueva metodologia, basada en el método de miiltiples puntos de
referencia (MRP-WSCI; Ruiz et al., 2020), para la evaluacién del rendimiento
de las universidades publicas espanolas y, ademas, proponemos su combinacion
con el anélisis envolvente de datos (DEA; Charnes et al., 1978).

No cabe duda de que la literatura ofrece una gran variedad de trabajos que
han hecho uso del método no paramétrico DEA para medir el desemperio de las
instituciones de educacién superior. De hecho, desde la publicacion de la tesis
doctoral de Rhodes (1978), donde el método DEA tiene su origen, la educacién
superior ha sido uno de los focos de atencién de los estudios de evaluacién
de la eficiencia a través de DEA. Sin embargo, autores como Martinez-Campillo
and Fernandez-Santos (2019) sefialan que, en el 4&mbito nacional, hay un nimero
limitado de investigaciones que analizan la eficiencia técnica de las universidades
publicas espanolas (Berbegal-Mirabent et al., 2013; de la Torre et al., 2017a,b;
Berbegal-Mirabent, 2018; de Jorge Moreno et al., 2019; Salas Velasco, 2019;
Martinez-Campillo and Fernandez-Santos, 2019; Salas Velasco, 2020).

En esta linea, el nimero de outputs considerados en la mayoria de trabajos
en la literatura oscila entre dos y cuatro, siendo los mas utilizados el niimero de
alumnos graduados y el nimero de publicaciones. Sin embargo, autores como
Gonzélez-Garay et al. (2019) sefialan que la calidad de la educacién superior es
intrinsecamente multidimensional y, por lo tanto, dificil de evaluar utilizando
solo unos pocos indicadores. Es por ello que la evaluacién de fenémenos tan
complejos, como es el caso del campo de la educacién superior, requiere tener
en cuenta dos aspectos importantes. Primero, el sistema de educacién superior
es bastante complejo, diverso e incluye diferentes tareas interconectadas entre si.
Segundo, en el actual entorno altamente competitivo, la evaluacién de un sistema
universitario requiere el uso de técnicas capaces de gestionar su complejidad
(Attardi et al., 2017). Para ello, en esta tesis doctoral, utilizamos los resultados
obtenidos del método multicriterio (MRP-WSCI) como outputs, lo cual, hasta
donde sabemos, no ha sido aplicado hasta el momento en el andlisis envolvente de
datos DEA. En definitiva, la combinacion del método MRP-WSCI y el analisis
DEA nos permite tener en cuenta todos los aspectos considerados relevantes
para evaluar el desempeno universitario.

Ademss, el uso del método MRP-WSCI en el analisis del Sistema Univer-
sitario Piblico Espafiol, resulta interesante, principalmente, por dos razones.
En primer lugar, se utilizan niveles de referencia para cada indicador, y por lo
tanto, las puntuaciones se interpretan facilmente como la posicién actual de la
universidad con respecto a estos niveles. Asimismo, dado que la valoracién de
una universidad es en esencia un concepto multidimensional, se hace necesa-
rio el desarrollo de unos indicadores sintéticos para el andlisis del mismo. De
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acuerdo con Saisana and Tarantola (2002), un indicador sintético es aquel que
resume la informacién que proporcionan un conjunto de indicadores parciales
que no tienen una unidad comin de medida y que no pueden ser ponderados de
manera obvia. Asi pues, un indicador sintético es una combinacién matemé&tica
de un conjunto de indicadores parciales, con la principal ventaja de ofrecer una
visién simplificada de un problema mucho més complejo. En esta linea, se van
a construir unos indicadores sintéticos que permitan evaluar el funcionamiento
de cada una de las universidades, ofreciéndonos una vision general del Sistema
Universitario Publico Espanol, teniendo en cuenta el cardcter multidimensional
que presenta, e identificando de esta manera las posibles dreas de mejora de
cada una de las universidades que lo integran. En definitiva, el método MRP-
WSCI permite obtener unos indicadores sintéticos para diferentes grados de
compensacion, de tal manera que las puntuaciones, ademas de dar una medida
del rendimiento general de las universidades, también proporcionan senales de
alarma que permiten al usuario detectar areas de mejora.

Para la consecucién de nuestro objetivo, esta tesis doctoral es presentada
como compendio de publicaciones y se organiza de la siguiente manera:

= La primera parte contiene las tres publicaciones que conforman el com-
pendio. Concretamente, el marco tedrico y metodolégico es abordado en
los dos primeros articulos, mientras que la tercera y ultima publicacién
contiene la aplicacién empirica. Seguidamente, se proporciona un resumen
de cada uno de estos articulos.

e Dado que hoy en dia, existe un amplio abanico de metodologias para
la construccién de los indicadores sintéticos de desempeno universi-
tario, el primer articulo, El Gibari et al. (2019), abarca una revisién
de la literatura de los diferentes métodos multicriterio utilizados pa-
ra la construccién de indicadores. Ademads, en este articulo, hemos
clasificado dichos métodos en cinco categorias: los métodos elemen-
tales, los métodos basados en valor y utilidad, el enfoque outranking,
los métodos basados en DEA y los métodos basados en funciones
de distancia. Asimismo, se discuten dos aspectos relevantes relacio-
nados con la construccién de los indicadores sintéticos haciendo uso
de los métodos MCDM, que son la ponderacién y la compensacion.
Primero, de acuerdo con Nardo et al. (2005), los pesos de los dife-
rentes criterios pueden tener un significativo efecto sobre el indicador
sintético global y los resultados obtenidos. En esta linea, los méto-
dos de ponderacién se pueden clasificar en tres principales categorias:
la ponderacién igualitaria significa que todos los indicadores tienen
el mismo peso, las técnicas positivas (endégenas o estadisticas), que
derivan los pesos de las caracteristicas de los datos y las técnicas
normativas (exdgenas o participativas), donde se tienen en cuenta
las opiniones subjetivas de los expertos y/o los decisores. En el ca-
so particular de los métodos MCDM usados para la construccién
de indicadores sintéticos, nuestra revisién ha mostrado que las dos
dltimas técnicas han sido los enfoques mas utilizados, siendo, en el
primer caso, la técnica de ponderacion basada en el analisis envolven-
te de datos DEA la més frecuente. Segundo, en funcién del método
MCDM de agregacién elegido, se asume que la compensacion entre
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los indicadores puede ser total (e.g. los métodos de la ponderacién
aditiva simple, SAW, la teoria de la utilidad aditiva, UTA, la técnica
simple de calificacién de multiples atributos, SMART, el anilisis en-
volvente de datos, DEA, y TOPSIS), parcial (e.g. los enfoques de la
teorfa de utilidades multiples, MAUT, la teoria de multiples atribu-
tos, MAVT, o el producto ponderado, WP) o nula (e.g. ELECTRE y
PROMETHEE). En general, de esta revision se desprende una clara
tendencia hacia un ntmero creciente, desde 2014, de articulos que
recurren al uso de los métodos multicriterio para construir indica-
dores sintéticos. En concreto, nuestros resultados revelan que, desde
2012, ha habido una creciente tendencia a adoptar los métodos basa-
dos en las funciones de distancia. No obstante, a pesar de la amplia
variedad de aplicaciones de los métodos MCDM para la construccién
de los indicadores sintéticos, tales como sostenibilidad (29 %), medio
ambiente (12 %), entorno empresarial (8 %), energia (6 %), turismo
(5%), desarrollo humano (5%), servicio de agua (4%) e inversién
(4%), esta publicacién nos ha permitido identificar una escasez en
el uso de dichas técnicas dentro del ambito de la educacién superior.
Ademas, la mayoria de los articulos revisados se han publicado en
revistas pertenecientes a la categoria de “Environmental Sciences”’
(48 %), lo cual, parece 16gico, ya que, bajo esta vertiente, la soste-
nibilidad y el medio ambiente han sido los campos més analizados.
Otros articulos han elegido revistas que se centran en la categoria de
“Operations Research & Management Science” (27 %). Sin embar-
go, hay un escaso numero de publicaciones que recurren al uso de
los métodos MCDM para la construccién de indicadores sintéticos en
la categoria de “‘Education & Educational Research”. Este articulo
estd publicado en la revista Journal of Business Economics, que tiene
un indice de impacto de 0.378, y estd indexada en el segundo cuartil
de Scopus. Su indice de citas es de 33 en Google Scholar y su impacto
de citas ponderadas en el campo, segin la base de datos Scopus, es
de 8.36 (fecha de referencia: 31 de mayo de 2020).

La segunda publicacién, Ruiz et al. (2020), presenta el método de
multiples puntos de referencia (MRP-WSCI), que es una generali-
zacién del método de doble punto de referencia (Ruiz et al., 2011).
El método de punto de referencia fue propuesto originalmente por
Wierzbicki (1980), y se disené en un primer momento, para resolver
problemas de programacion multiobjetivo, mediante la generacién de
soluciones eficientes que estaban mas cerca de ciertos niveles de refe-
rencia (deseados) para los objetivos planteados. Mds tarde, Wierzbic-
ki et al. (2000) extendieron esta metodologia a un esquema de doble
punto de referencia, sugiriendo su utilizacién para la confeccién de
unos rankings objetivos, donde se pueden especificar para cada obje-
tivo un valor de reserva (nivel minimo considerado como admisible)
y un valor de aspiracién (nivel considerado como éptimo o deseable).
Ruiz et al. (2011) y Cabello et al. (2014) adaptaron y desarrollaron
aun mas esta idea para la construccion de los indicadores sintéticos
segin el grado de compensaciéon entre los indicadores y basandose
en los pesos otorgados por el usuario. No obstante, a pesar de las

21



ventajas del método de doble punto de referencia, nos hemos dado
cuenta de que, tal y como se habia planteado en un primer momento,
dicho método tiene dos posibles inconvenientes. En primer lugar, la
utilizacién de tnicamente dos puntos de referencia, en determinadas
situaciones, puede suponer una limitaciéon para el decisor. Adem4s,
los resultados se daban en una escala fija (de -1 a 2), lo cual puede ser
una limitaciéon a la hora de combinar esta metodologia con otras, tales
como el andlisis envolvente de datos DEA, donde la implementacién
del modelo establece la restriccion de no negatividad de las variables.
En esta linea, los decisores pueden desear utilizar una escala con di-
ferentes rangos. De esta manera, el método de multiples puntos de
referencia (MRP-WSCI) se puede aplicar en un contexto més gene-
ral, donde el usuario pueda establecer cualquier nimero de niveles
de referencia, que pueden suponer distintos niveles de rendimiento
(muy malo, malo, ..., bueno, muy bueno), y pueda adoptar cualquier
escala. Con el objetivo de ilustrar el comportamiento y las ventajas
del método MRP-WSCI, se ha aplicado a la construccién del Indi-
ce de Progreso Social Regional de la Unién Europea (EU-SPI), en
el contexto espanol. En concreto, hemos evaluado el comportamien-
to de las regiones espafnolas en comparaciéon con todas las regiones
europeas, dado que los niveles de referencia se han establecido tenien-
do en cuenta todas las regiones que aparecen en el andlisis FU-SPI.
Légicamente, en el proceso de construccion de los indicadores sintéti-
cos MRP-WSCI, los resultados obtenidos dependen de los niveles de
referencia elegidos, que a su vez deben establecerse de acuerdo con
el objetivo final del estudio. En esta linea, con el fin de analizar los
efectos de un cambio de los niveles de referencia en los resultados,
las regiones espanolas han sido también analizadas, comparandolas
tunicamente entre si. Como resultado, cuando los niveles de referencia
utilizados son los espanoles, las diferencias entre las regiones evalua-
das se acentian. Asimismo, se han llevado a cabo diferentes estudios,
tales como el anélisis de robustez de los indicadores sintéticos MR P-
WSCI frente a cambios en los niveles de referencia y en los pesos
otorgados, asi como el efecto de la construccion de los indicadores
MRP-WSCI en diferentes etapas de agregacién. Por ultimo, cabe
mencionar que, en este articulo, se ha demostrado que los indicadores
sintéticos proporcionados por el método MRP-WSCI satisfacen una
serie de propiedades que la literatura cientifica considera altamente
deseables (existencia y unicidad, simetria, transitividad, monotoni-
cidad, invarianza y propiedades de exhaustividad). Este trabajo ha
sido publicado en OMEGA, que cuenta con un factor de impacto
JCR del 5.341, de hecho, es la segunda revista mejor clasificada den-
tro de su categoria “Operations Research & Management Science”.
Su indice de citas es de 3 en Google Scholar y su impacto de citas
ponderadas en el campo, segin la base de datos Scopus, es de 0.52
(fecha de referencia: 31 de mayo de 2020).

El tercer articulo, El Gibari et al. (2018), trata de una versién preli-
minar del método de doble punto de referencia aplicado a las univer-
sidades publicas andaluzas. Dentro del &mbito multicriterio y educa-
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cién superior, la metodologia adoptada en este articulo, supone un
paso mas alld de la mera construccién de indicadores sintéticos, ya
que analizamos los indicadores individualmente, mediante los niveles
de referencia y planteamos la construccién de indicadores sintéticos
para diferentes grados de compensacién en la confeccién de rankings
universitarios. Ademaés, con el objetivo de llevar a cabo un anélisis
mas exhaustivo, analizamos por separado las tres misiones bésicas
de un sistema universitario (investigacién, docencia y transferencia
de tecnologfa). Nuestros resultados afirman que, en general, el rendi-
miento de las universidades publicas andaluzas en la misién docente
es mejor que en las misiones investigadora y de transferencia de tec-
nologia, aunque los valores de los indicadores sugieren que todas las
universidades todavia tienen mucho margen de mejora. De hecho, la
internacionalizacion de las universidades se presenta como uno de los
focos claves de transformacién en el campo de la educacién superior,
especialmente en el contexto europeo (OECD, 2012). Sin embargo,
nuestros resultados muestran que la “atraccion internacional” y las
“prdcticas en empresa” suponen una debilidad para la mayoria de
las universidades publicas andaluzas. Asimismo, ademés de propor-
cionar una informacioén valiosa del desempeno universitario andaluz
mediante el andlisis de los escenarios compensatorio y no compensa-
torio, hemos elaborado un ranking, segiin diferentes grados de com-
pensacién, para cada una de las misiones analizadas. De esta manera,
estudiamos el posicionamiento de cada una de las universidades en
el ranking, a medida que cambia el grado de compensacién entre los
indicadores, desde una compensacién total hasta una compensacién
nula entre los indicadores. En este caso, nuestros resultados reve-
lan que las clasificaciones en el ranking de las universidades piblicas
andaluzas son mas estables en la mision investigadora, no viéndo-
se muy afectadas por ligeros cambios en la compensacién permitida.
En definitiva, de este articulo, podemos concluir que la metodologia
multicriterio ofrece un sistema de advertencia para ayudar en la toma
de decisiones estratégicas. Este trabajo estd publicado en la revista
Journal of Informetrics, que cuenta con un factor de impacto JCR
del 3.879 y estd indexada en el primer cuartil en la categoria “Com-
puter Science & Interdisciplinary Applications”. Su indice de citas es
de 7 en Google Scholar y su impacto de citas ponderadas en el cam-
po, segun la base de datos Scopus, es de 0.90 (fecha de referencia: 31
de mayo de 2020).

= La segunda parte de la presente tesis doctoral engloba algunas lineas de
investigacién adicionales relacionadas con estas publicaciones:

e Para la toma de decisiones en nuestro entorno dinamico, el uso de los
indicadores sintéticos se ha convertido en indispensable, ya que son
herramientas poderosas para resumir, enfocar y condensar la com-
plejidad de dicho entorno. No obstante, la informacién proporciona-
da por el indicador sintético debe ser maxima, permitiendo detectar
areas de mejora, en lugar de solo clasificar las unidades. En esta linea,
la literatura ofrece pocos enfoques que permiten la construcciéon de
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indicadores sintéticos para diferentes grados de compensacién. Par-
tiendo de ello, en este capitulo, llevamos a cabo un analisis compara-
tivo de los indicadores sintéticos proporcionados por algunos métodos
que permiten la construccién de indicadores sintéticos para diferentes
grados de compensacién. En concreto, nuestro objetivo consiste en
ilustrar el comportamiento de dichos métodos, analizando la informa-
cién adicional que proporciona cada uno de los métodos, al considerar
los escenarios compensatorios y no compensatorios, conjuntamente.
En concreto, mediante la aplicacién a un caso real, a través de la cons-
truccién del indice de vulnerabilidad infantil (EOCT), en el contexto
africano, hemos comparado la informacién proporcionada por el uso
conjunto de las medias geométrica y aritmética, la Funciéon Mean-Min
(Tarabusi and Guarini, 2013), el enfoque Goal-Programming (GPCI;
Blancas et al., 2010) y el método MRP-WSCI (Ruiz et al., 2020).
Todos estos enfoques siguen, hasta cierto punto, los patrones gene-
rales para la construccién de indicadores sintéticos. Sin embargo, la
filosofia detras de esta construccion y el significado de sus valores son
diferentes para cada metodologia. En particular, el procedimiento de
normalizacién de la Funciéon Mean-Min permite identificar las unida-
des con un rendimiento superior o inferior al promedio, mientras que
los enfoques GPCI y MRP-WSCI llevan a cabo una normalizacién
basada en la distancia, teniendo en cuenta la posicién de cada unidad
con respecto a un conjunto de niveles de referencia (uno, en el caso
del primero, o més, en el segundo). Adem4s, los valores minimos y
maximos de la escala de los indicadores sintéticos estan predefinidos
para las medias clasicas y el método MRP-WSCI, mientras que en
el caso de la Funcién Mean-Min y el enfoque GPCI, los resultados
pueden tomar cualquier valor real, ya que no hay niveles superiores
ni inferiores. Desde el punto de vista practico, nuestros resultados
revelan que los escenarios no compensatorios de la media clasica y el
GPCI permiten, en la practica, una compensacion parcial, mientras
que los indicadores sintéticos no compensatorios proporcionados por
la Funcién Mean-Min y el enfoque MRP-WSCI no permiten ningin
tipo de compensacion entre los indicadores. En esta linea, ademas de
la interpretacién de cada uno de los indicadores sintéticos propues-
tos por las metodologias empleadas para el anélisis comparativo, en
el articulo se hace hincapié en las caracteristicas méas importantes
de los enfoques analizados, tales como por ejemplo el significado de
la distancia entre el escenario compensatorio y no compensatorio o
la tendencia de la correlacién entre ambos escenarios, a medida que
el nimero de simulaciones aumenta. Cabe mencionar que para este
dltimo caso, hemos llevado a cabo una serie de experimentos compu-
tacionales en los que todos los métodos se han aplicado a una serie
de problemas que se han generado de manera aleatoria. Nuestros re-
sultados revelan que la Funcién Mean-Min y el método MRP-WSCI
son los menos correlacionados en casi un 50 % de las simulaciones
cada uno, y solo el enfoque GPCI obtiene los resultados menos co-
rrelacionados en un nimero residual de casos. En definitiva, podemos
concluir que la Funcién Mean-Min y el método MRP-WSCI propor-
cionan una informacién madas rica cuando se consideran ambos es-
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cenarios conjuntamente (compensatorio y no compensatorio). Cabe
mencionar que una versién extendida de este trabajo se encuentra
actualmente en fase de revision en la revista Internacional Journal
of Information Technology € Decision Marking, que tiene un fac-
tor de impacto JCR del 2.862 y estd indexada en el segundo cuartil
en las categorias “Operations Research & Management Science” y
“Computer Science & Information Systems”.

Por 1ltimo, la evaluacién de las instituciones de educacién superior
debe estar de acuerdo con las nuevas demandas del complejo entorno
actual. Para este fin, el uso de técnicas que sean capaces de mane-
jar esta complejidad es altamente adecuado. En esta ultima linea de
investigacion, se propone una combinacion del método MRP-WSCI
con el andlisis no paramétrico DEA para la evaluacién del Sistema
universitario publico Espanol. Esta combinaciéon nos permite tener
en cuenta como resultados todos los aspectos considerados relevan-
tes para evaluar el desempeno universitario e incorporar los recur-
sos, de distinta naturaleza, que utilizan las universidades. Para ilus-
trar esta combinacién, nuestra base de datos comprende a las 47
universidades presenciales publicas espanolas para el ano académico
mas reciente disponible, 2016-2017. Para ello, al igual que el articulo
que recoge la aplicacién empirica de la presente tesis doctoral, he-
mos analizado las diferentes misiones universitarias. En esta linea, la
construccién de los indicadores sintéticos MRP-WSCI se ha llevado
a cabo en dos etapas (agregacién de los indicadores individuales en
los diferentes sub-bloques correspondientes, y luego agregacion de los
sub-bloques a las correspondientes misiones). En la primera etapa
de agregacién, dado que la informacién proporcionada por los indi-
cadores individuales dentro de los correspondientes sub-bloques es
homogénea, se permite una compensacion completa entre ellos. En
la segunda etapa, se proporcionan diferentes grados de compensa-
cién entre los sub-bloques (compensatorio y no compensatorio). Los
indicadores sintéticos MRP-WSCI son utilizados, a posteriori, como
outputs en el andlisis envolvente de datos DEA. Cabe mencionar que
la construccion de los indicadores sintéticos MRP-WSCI se ha llevado
a cabo en un entorno robusto con respecto a los pesos de los indicado-
res y sub-bloques. De esta manera, ademas de analizar el rendimiento
de las universidades piblicas espanolas, desde los dos escenarios de
compensacion, mediante el método MRP-WSCI, también llevamos a
cabo un doble andlisis de eficiencia, en el que los indicadores de resul-
tados (compensatorios y no compensatorios) son confrontados con los
recursos disponibles por cada una de las universidades. En concreto,
entre las 47 universidades publicas espanolas analizadas, nuestros re-
sultados muestran que 18 universidades son eficientes en el escenario
compensatorio, y 17 en el no compensatorio, mientras que 14 de ellas
son eficientes en ambos andlisis. Ademads, en promedio, los resulta-
dos de las universidades ptublicas espanolas son bastante similares en
ambos andlisis (1,11 y 1,12, respectivamente). Esto nos pone de mani-
fiesto que, manteniendo sus inputs en los niveles actuales, para operar
de manera eficiente, las universidades espanolas deberian aumentar,
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en promedio, sus outputs en un 11% en el escenario compensato-
rio y un 12% en el no compensatorio. En general, la mayoria de las
universidades tienden a ser menos ineficientes cuando se analiza el
rendimiento global (en concreto, 21 de 47). De hecho, nuestros resul-
tados muestran que ciertas universidades son mucho més ineficientes
en el escenario no compensatorio, mientras que en el compensatorio,
sus niveles de eficiencia mejoran sustancialmente. Este hecho nos in-
dica que dichas universidades tienen un mal rendimiento en al menos
algiin sub-bloque analizado, pero estos rendimientos desfavorables se
compensan con buenos rendimientos en otros, lo que resulta en un
mejor rendimiento global (escenario compensatorio). En definitiva,
nuestro andlisis resalta la necesidad de utilizar escenarios compensa-
torios y no compensatorios en este contexto. Ademas, la combinacién
del uso de indicadores sintéticos con el analisis DEA nos da una ima-
gen mas completa de las instituciones evaluadas, lo que permite a las
universidades comprender mejor sus debilidades y fortalezas. Cabe
resaltar que, actualmente, estamos en proceso de elaboracién de una
versién extendida de este trabajo de investigacién, la cual prevemos
enviar, en breve, a una revista indexada en la base de datos JCR, y
de gran difusién internacional.

Una conclusion relevante de esta tesis doctoral es la notable variedad dentro
de los resultados de cada una de las misiones analizadas. Los valores de los indi-
cadores sugieren que, en general, todas las universidades ptublicas espanolas to-
davia tienen mucho margen de mejora en todas las misiones. Asimismo, nuestro
analisis muestra que, ademas de las universidades piiblicas espanolas que siem-
pre estdn presentes en los rankings universitarios mas prestigiosos, hay otras
universidades que aun disponiendo de unos recursos bastante “modestos”, ha-
cen un uso eficiente de dichos recursos, obteniendo asi “buenos” rendimientos
en algunos aspectos analizados.

En resumen, hoy en dia, un mejor desempeno y compromiso para lograr una
ventaja competitiva es esencial para el Sistema Universitario Piblico Espanol,
dado que resulta evidente que en el futuro, las universidades tendran una con-
tribucién aiin més vital en nuestra sociedad. En esta tesis doctoral, respetando
el cardcter multidimensional y partiendo de la necesidad de considerar el aspec-
to complejo y diverso de un sistema universitario, se propone por un lado, la
utilizacién de una nueva metodologia para la evaluacién del rendimiento y, por
otro lado, la combinacién de la misma con el anélisis envolvente de datos DEA,
para confrontar el rendimiento de cada universidad con los recursos disponibles,
tanto en un escenario compensatorio como no compensatorio.

En esta linea, podemos concluir que, a diferencia de la mayoria de los ran-
kings universitarios que existen hoy en dia, una ventaja de esta tesis es la posibi-
lidad de analizar las universidades publicas espanolas desde diferentes perspec-
tivas simultdneamente, desarrollando y usando indicadores sintéticos conjunta-
mente con el andlisis de los indicadores individuales de rendimiento universitario.
Ademis, la interpretacion de los indicadores sintéticos propuestos resulta més
intuitiva y facil para el decisor, dado que representan la posicién global de la
universidad correspondiente con respecto a los niveles de referencia estableci-
dos. De esta manera, la puntuacion final no es solo un nimero, sino una medida
mas informativa. En segundo lugar, se ha demostrado que la consideracion de
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manera conjunta del escenario compensatorio y no compensatorio proporcio-
na una informacién més rica para la toma de decisiones. De hecho, ademds de
proporcionar el rendimiento global de las universidades publicas espanolas, el
método multicriterio MRP-WSCI proporciona senales de alerta que permiten
al usuario detectar malos desempenos en ciertos indicadores que de lo contrario
podrian pasar desapercibidos. Ademaés, la combinacién del método multicriterio
de multiples puntos de referencia con el analisis envolvente de datos proporcio-
na una imagen mas completa de las instituciones analizadas, ya que permite
confrontar los indicadores de resultados con los recursos disponibles por cada
una de las universidades, y en consecuencia las universidades ptblicas espanolas
pueden detectar mejor sus debilidades y fortalezas, facilitando asi una toma de
decisiones por parte de sus gestores acordes con ello.

Por tltimo, tal y como define Sabino (1992), la investigacién es “un esfuerzo
que se emprende para resolver un problema, claro estd, un problema de conoci-
miento”. Por su parte, Cervo and Bervian (1980) la definen como “una actividad
encaminada a la solucién de problemas. Su objetivo consiste en hallar respuesta
a preguntas mediante el empleo de procesos cientificos”. No obstante, cualquier
trabajo de investigacién elaborado con un minimo de interés no sélo contribuye
a resolver las preguntas que se plantean sobre el tema tratado, sino también
genera nuevas preguntas, ideas y/o futuras lineas de investigacién. Asi, como
futuras lineas de investigacion de esta tesis doctoral tenemos pretension de abor-
dar las siguientes. En primer lugar, seria interesante estudiar la evolucién de las
universidades espafiolas a lo largo del tiempo, y no sélo limitarnos a analizar
un afio concreto. En particular, resulta llamativo estudiar si las universidades
publicas espanolas logran mantener sus rendimientos y las posiciones alcanzadas
en los rankings elaborados para cada una de las misiones a largo plazo. Para ello,
habria que estudiar la situacion de las universidades piblicas espanolas frente a
un afio concreto. En este caso, los niveles de referencia se mantendrian fijos, lo
que permite conocer la evolucién de las instituciones universitarias frente a la
situacion que presentaban en el ano base. Alternativamente, los valores de refe-
rencia pueden ser determinados por parte de expertos, segtin lo que consideren
oportuno, atendiendo a sus juicios de valor, para cada indicador. De esta for-
ma, obtendriamos una medida absoluta con respecto a estos valores. Asimismo,
la presente tesis doctoral se ha centrado en el Sistema Universitario Publico
Espaniol. No obstante, también seria conveniente hacer una comparaciéon mas
amplia entre las universidades publicas y privadas espanolas, donde los resul-
tados daran una idea de la posicion relativa de cada universidad espanola con
respecto a todas las instituciones del Sistema Universitario Espanol. Ademas,
con el fin de sacar el mayor provecho posible del Proceso de Bolonia, llevar a
cabo una comparacion mas amplia entre distintas universidades europeas podria
resultar interesante y ttil para los propésitos del Gobierno espanol. Cabe des-
tacar que esta comparacién se podra llevar a cabo siempre que la calidad y la
homogeneidad de los datos empleados de las distintas universidades sean las
adecuadas.
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Summary of the doctoral thesis
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The increasing awareness around the world of the role that universities play
in today’s competitive environment highlights the need to assess them by using
methods that are able to manage their diversity, complexity and multidimen-
sional nature. On this premise, this doctoral thesis aims to go beyond simply
providing a ranking of the Spanish public university system. To this end, this
doctoral thesis is presented as a compendium of three research papers. Besides,
some additional research questions related to these articles are presented.

First, the theoretical and methodological framework is addressed in two arti-
cles. On the one hand, given that in today’s increasingly globalized and complex
environment that is flooded with data, the number of composite indicators in
existence around the world is constantly growing at a rapid pace, especially due
to their aims of summarizing, focusing and condensing the complexity of our
dynamic environment. For their construction, the functionality of Multiple Cri-
teria Decision Making approaches is very high, as it has all the characteristics
of a useful decision support tool: it plays an important role in designing and
analyzing systems by considering various indicators and objectives. Therefore,
our first goal has been the identification of the different MCDM methods used
to construct composite indicators. In general, our results have shown a clear
tendency towards an increasing number of papers in a wide variety of fields,
that use MCDM methods to build composite indicators since 2014. However, a
shortage in the field of higher education has been identified. On the other hand,
when using MCDM methods to aggregate single indicators into a composite
one, the compensatory character between indicators varies. In this PhD thesis,
we propose a generalization of the double reference point method, which al-
lows for different compensation degrees, depending on the aggregation scenario
chosen. This generalization, called Multiple Reference Point based Weak and
Strong Composite Indicators (MRP-WSCI), allows the decision maker give, for
each indicator, a desired number of reference levels to assess the goodness of its
possible values. Thus, the proposed approach can be applied in a more general
context, where the decision makers can establish any number of reference levels,
which somehow define the performance levels (e.g., very poor, poor, fair, good,
very good,...), and any scale can be used.

Second, the empirical application is discussed in one article. To this end, we
propose an application of multicriteria analysis techniques, based on the double
reference point method, to the Andalusian public university system. In order
to get a more accurate vision of each basic university mission, the three of them
(research, teaching and technology transfer) are analyzed separately. Within
the scopes of multicriteria and higher education field, the results obtained are
particularly useful because they serve not only to measure the relative position
of each university, but also to offer a warning system to assist in strategic deci-
sion making. Furthermore, aggregations for different compensation degrees are
provided for each Andalusian university.

Furthermore, since in our dynamic environment, the information provided
by any composite indicator should be as maximal as possible, allowing to de-
tect improvement areas, rather than just ranking the units, in this PhD thesis,
we extend the theoretical and methodological framework. Thus, we illustrate
the behavior of some methods that build composite indicators allowing different
compensation degrees. Specifically, we analyze the additional information pro-
vided by each of these methods when the compensatory and non-compensatory
scenarios are jointly considered.
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Finally, an extension of the empirical application to the Spanish public uni-
versity system is proposed. To this end, we evaluate of the Spanish public
universities performance by combining the Multiple reference point based weak
and strong composite indicators proposed in this thesis and the well-known DEA
analysis. This last section discusses how this combination can add value to tra-
ditional composite indicators, not only in terms of securing high performance of
the Spanish public universities, but also in how to make an appropriate use of
resources. Thus, we highlight the need to assess the university performance by
using both compensatory and non-compensatory scenarios. Furthermore, com-
bining the use of composite indicators with the DEA analysis provides warning
signals that may assist user in strategic decision making for policy purposes, by
identifying the weaknesses and strengths of each institution under assessment.

Summing up, recognizing the specific nature and complexity of a university
system, this doctoral thesis has attempted to analyze the performance and ef-
ficiency of the Spanish public universities from a multicriteria approach. First,
in order to evaluate the performance of a university system, a novel approach,
based on the multicriteria reference point scheme, is proposed. Then, its combi-
nation with the well-known DEA method is carried out, by comparing the per-
formance of each university (compensatory and non-compensatory) with their
resources.

30



Contents

1. Introduction 32
1.1. Institutional context: The Spanish public higher education system 34
1.2. Composite indicators as decision making tools . . . . . . . .. .. 36
1.3. MCDM methods used to construct composite indicators: com-

pensability and use of reference levels . . . . . ... ... .. .. 37
1.4. Efficiency assessment: Data Envelopment Analysis . . . . .. .. 39
1.5. Purposes and structure of the PhD thesis . . .. ... ... ... 40
2. The compendium of publications 46
2.1. The theoretical and methodological framework . . . . ... ... 49
2.1.1. Building composite indicators using multicriteria meth-
ods: areview . . . . ... ..o 50
2.1.2. MRP-WSCI: Multiple reference point based weak and
strong composite indicators . . . . ... ... L. o1
2.2. The empirical application. Performance measurement . . . . . . 52
2.2.1. Evaluating university performance using reference point
based composite indicators . . . .. ... ... 52

3. Additional research questions 53

3.1. Comparisons of the MRP-WSCI approach with other schemes for
building compensatory and non-compensatory composite indicators 55

3.2. Evaluating the Spanish public universities performance and effi-
ciency by combining the MRP-WSCI approach with Data Envel-
opment Analysis . . . . . ... Lo 57

4. Results, conclusions and future research lines 59
4.1, Results. . . . . . oo 61
4.2. Final conclusions and future research lines . . . . . . ... .. .. 65

5. References 67

31



1. Introduction

32



33

YOy TYW 30
QvaISY3AINN




The growing importance of universities in today’s competitive environment
highlights the need to assess them by using methods that are able to manage
their diversity, complexity and multidimensional nature. Thus, this doctoral
thesis aims to go beyond simply providing a ranking of the Spanish public
university system. To this end, this research is presented as a compendium of
articles.

On these premises, the structure of this Introduction is as follows: Subchap-
ter 1.1 describes the main characteristics of the Spanish HE system; Subchapter
1.2 gives a short overview of the characteristics of the CIs in the HE field; the
main MCDM methods applied to their construction are presented in Subchapter
1.3; Subchapter 1.4 highlights the need to assess the operational efficiency in
the Spanish HFE field; and finally, the introduction ends with the main purposes
and structure of this PhD thesis in Subchapter 1.5.

1.1. Imstitutional context: The Spanish public higher ed-
ucation system

The Spanish higher education (HE) System comprises 82 universities, out
of which 50 are public (47 on-site, 1 distance university and 2 special universi-
ties) and 32 are private (28 on-site and 4 distance universities). Traditionally,
most of the Spanish universities focused their efforts on professional training
and teaching, neglecting scientific research. However, the Government of Spain
introduced “LOMLOU” (the Organic Law 4/2007% on universities), in order to
redefine Spanish universities in the European Higher Education Area (EHEA).
Since 2006, Spain has implemented structural changes in its HE system accord-
ing to the Bologna Process, which ensures comparability in standards with the
EHFEA. In this direction, official university programs are adapted to the FHEA,
and structured into three different degree levels: Grade degrees (undergradu-
ate studies), University Master degrees (graduate studies) and Doctoral degrees
(postgraduate studies), noticing a huge increase in the number of bilingual pro-
grams and in the international student mobility. Nowadays, most of the Spanish
universities cover nearly all the subject areas offered by the Spanish official de-
grees listed by the Ministry of Education. Furthermore, the introduction of
“LOMLOU” has encouraged the Spanish public HE system to adapt to the HE
global competition, which has led to define research intensity as the key indica-
tor of the quality of universities (Mégi and Beerkens, 2016). On the other hand,
Spanish policies and the changes in the universities’ regulatory framework strive
to achieve greater knowledge transfer results (Berbegal-Mirabent et al., 2013).

However, despite the Spanish Government attempts to adapt to change in
times of crisis and to align with “the Modernization Agenda for Universities”
introduced by the European Commission (2006), a lot still needs to be done. In
the 2019 edition of Academic Ranking of World Universities (ARWU)?, only 13
Spanish universities are positioned among the top 500 institutions in the world,
and all of them are below the 150th place.

Furthermore, despite being considered among the largest HE systems in Eu-
rope, the Spanish HFE system has been seriously affected by the economic reces-

8https://www.boe.es/eli/es/lo/2007/04/12/4
9http://www.shanghairanking.com/es/
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sion, since 2010. The investment in knowledge in Spain is not comparable to the
gross investment of other countries, in fact, Spanish R&D investment continues
to lose ground. According to European Commission (2018), among other Eu-
ropean countries, Spain has exhibited disappointing R&D investment-intensity
records, assuming a reduction of approximately 20.32% from 2009 to 2014 in the
Government Budget Appropriations or Outlays for R&D (GBOARD) of Spain
(Heitor et al., 2016). However, in terms of integration in the ERA and beyond,
Spain has managed to raise its scientific publications significantly compared to
2000, due to the higher research requirements set by the academic authorities
for staff hiring and promotion purposes. Taking into account the world share
of top 10% highly cited scientific publications, the Spanish share has increased
in almost 0.9% from 2000 to 2016 (European Commission, 2018). Furthermore,
due to the importance of fostering the production of new knowledge worldwide
and stimulating positive impacts in scientific performance, Spain has increased
its international scientific co-publications by 16% over the period 2000-2011 (Eu-
ropean Commission, 2014). Nevertheless, the level of Spain’s international co-
publication (29.1%) is still below other comparable European countries (France
35.2% or Portugal 41%).

In Spain, public and private universities fulfil the different tasks required
from any university nowadays, which are the construction of knowledge (re-
search), the diffusion of knowledge (teaching), and the use of knowledge (tech-
nology transfer) (Dehon et al., 2009). However, private universities usually
present low levels of research activity and of the technology transfer for its use
by society (Casani et al., 2014).

Furthermore, the Spanish public and private universities are regulated by
the National Government, which exercises the competencies that ensure the
consistency and uniformity of the HE system, and also by the Regional Gov-
ernments, which have competencies for the creation, modification and elimina-
tion of university programs, and also for the core funding of public universities
(Martinez-Campillo and Fernandez-Santos, 2019). On the other hand, private
universities enjoy greater flexibility which enables them to respond more quickly
and efficiently to market changes, while public universities are coming under
increasing pressure and greater rigidity, due to the strict regulation of their ac-
tivities and public accounts. The Spanish public universities include in their
decision-making processes criteria related with the social benefits. In general,
the Spanish public universities are integrated by university schools, faculties,
departments, university institutes for research, doctoral colleges and by other
necessary schools or structures for the development of their functions. This PhD
thesis is focused on the 47 Spanish public on-site universities, where the data
comes from two sources: the Spanish University Rectors’ Conference!® (CRUE)
and the Observatory of Spanish University Research!® (IUNE).

In this time of economic uncertainty, the evaluation and the pursuit of pro-
ductivity and efficiency in the allocation of resources to the Spanish public
universities is becoming increasingly important, due to the limitation of pub-
lic funding following the economic recession in 2008 (Martinez-Campillo and
Fernandez-Santos, 2019). This issue has put greater pressure on the Spanish
public universities to achieve excellence and improve competitiveness. There

Ohttp://www.crue.org/Publicaciones/Paginas/UEC.aspx?Mobile=0
Hhttp://www.iune.es
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is no doubt that the Spanish public HE institutions are key drivers of growth
performance, prosperity and competitiveness, at the national and international
levels. In this context, HF rankings, an outcome of the competitiveness boosted
by globalization, have put pressure on the Spanish public universities to adapt
to market forces without compromising quality (Heitor and Horta, 2013). How-
ever, the literature notes that most university rankings produce single scores,
making it “difficult for users to distinguish among institutions based on the
characteristics they find most important” (Bonaccorsi and Cicero, 2016). How-
ever, it is necessary to bear in mind that the Spanish public HE system is
quite complex, diverse and it includes different tasks that are interconnected
with each other. It can be asserted that the Spanish public university system is
basically a multidimensional concept, which makes it difficult to condense the
diversified work going on within universities into a single number or ranking. In
this direction, in today’s increasingly globalised and complex environment, the
Spanish public HE system should have a powerful tool to detect improvement
areas, rather than just ranking the universities. Consequently, the evaluation of
the Spanish HE system requires the use of techniques that are able to manage
its complexity (Attardi et al., 2017).

1.2. Composite indicators as decision making tools

In the current era of complex environment that is flooded with data, the
measurement of multidimensional frameworks, such as the HFE field, has received
special attention in the worldwide scientific community. In this line, the need to
summarize such complex and multidimensional concepts, in view of supporting
decision-makers and attracting public interest, has been brought the concept of
Composite Indicators (CTs) into the focus of public and policy interest. Due to
their aim to provide simple comparisons that can be used to illustrate complex
and sometimes elusive issues in wide-ranging fields, such as performance of HE
institutions, CTs are increasingly recognized as useful tools in policy analysis
and public communication. There is no doubt that the use of CIs has become
indispensable for managing huge amounts of information.

In the field of HE, few initiatives have tackled the evaluation of univer-
sity performance without using CTs, such as the U-Multirank and its Spanish
version, C'YD Ranking, which consider the scores of universities on individual
indicators and place these in five performance groups (“very good” through
to “weak”). Opposedly, within the performance of the HE field, a general
widespread trend towards the construction of CIs has been established. In this
line, most of the rankings existing nowadays have developed and used CIs to
provide rankings of HE 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!2?; Aguillo
et al., 2008; Alasehir et al., 2014; Giannoulis and Ishizaka, 2010; Torres-Salinas
et al., 2011). Other papers adopt CIs in order to analyze the quality of univer-
sities, such as Murias et al. (2008), who estimate a CI for quality assessment in
the Spanish public HE system.

The literature on CIs is vast and provides a wide range of methodological ap-
proaches (the common practice in constructing CIs is well synthesized in Nardo

12The Valencian Institute of Economic Research
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et al., 2008; Gana et al., 2017; El Gibari et al., 2019). Within the construction of
CIs, the use of Multiple Criteria Decision Making (MCDM) approaches is highly
suitable in multidimensional frameworks (Freudenberg, 2003; Jacobs et al., 2004;
Ibafiez-Forés et al., 2014). Multicriteria decision making is a set of techniques
that can be used to support the process of decision making in a flexible manner
when designing and analyzing systems by considering various indicators and
objectives (Herndndez Santoyo et al., 2010; Cinelli et al., 2014). According to
Teodorovic and Edara (2007), one way of dealing with MCDM problems is to
convert them into a single criterion problem. To this end, decision makers could
use some of the compensatory methods (that allow advantages of one indica-
tor to be traded for disadvantages of another), or non-compensatory methods
(that do not allow advantages of one indicator to be traded for disadvantages
of another). In this direction, according to Munda (2008), depending on the
aggregation approach chosen, the compensatory character between indicators
can be: full (additive methods and compensatory multicriteria approaches),
partial (geometric aggregations and other partially-compensatory methods), or
zero (non-compensatory techniques).

Anyway, the selection of an appropriate methodology is central to any exer-
cise attempting to capture and summarize the interactions among the individual
indicators included in a CI or ranking system (Saisana and D’Hombres, 2008).
In this direction, according to Mazziotta and Pareto (2017), the complex and
multidimensional nature of the HE field requires the definition of intermedi-
ate objectives whose achievement can be observed and measured by individual
indicators.

1.3. MCDM methods used to construct composite indica-
tors: compensability and use of reference levels

In recent years, MCDM methods have attracted attention of decision makers
in a wide scope of fields. MCDM is a well known branch of decision making,
consisting of analysing (ranking, classifying, choosing) a series of possible alter-
natives, taking into account different criteria simultaneously (Contreras et al.,
2011). Decision-making is a term that describes the process of how people choose
to solve problems that are presented, and the trigger of decision-making is the
existence of a problem. Nowadays, MCDM analysis is considered a valuable
tool in solving problems characterized with multiple stakeholders, indicators,
and objectives, as is the case of the HE field (Kumar et al., 2017).

As mentioned in Section 1.2, MCDM methods are highly suitable in multidi-
mensional frameworks, when aggregating individual indicators into a composite
one, since this process involves making choices when combining criteria of differ-
ent natures, and it requires a number of steps in which decisions must be made
(Freudenberg, 2003; Jacobs et al., 2004). In this direction, many works have at-
tempted to construct CIs by falling back on MCDM methods. A large number
of papers that use MCDM methods to construct CIs have been published, and
this trend seems set to continue.

In the literature, one classification of the MCDM approaches used to con-
struct CIs is focused on the aggregation of the individual indicators, regardless
the weighting procedure. This way, El Gibari et al. (2019) identify five differ-
ent categories: the elementary methods, the value and utility based methods,
the outranking relation approach, the DEA based methods and the distance
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functions based methods. Furthermore, one of the most extended classifica-
tions in the literature of CIs differentiates between compensatory and non-
compensatory techniques (Asadzadeh et al., 2017). The former refers to the
existence of trade-offs among the different criteria, while the latter limits the
compensatory character among the individual indicators.

Following this classification, depending on the MCDM methods used to con-
struct CIs, the compensatory character between indicators varies. First, some
MCDM approaches allow for full compensation among the criteria, such as the
Simple Additive Weighting (SAW), the Utility Theory Additive (UTA), the
Simple Multi-Attribute Rating Technique (SMART), the Data Envelopment
Analysis (DEA) and The Technique for Order Preferences by Similarity to Ideal
Solutions (TOPSIS). Second, other MCDM methods limit the compensation
degree, such as the Multi-Utility Theory (MAUT), the Multi-Attribute Theory
(MAVT) or the Weighted Product (WP) technique, which adopt multiplicative
instead of additive functions and they only allow compensation between indi-
cators within certain limitations. Third, some MCDM techniques used to con-
struct CIs limit or completely prevent compensation, such as outranking meth-
ods: Elimination and Choice Expressing Reality (FLECTRE) and Preference
Ranking Organization Method for Enrichment Evaluations (PROMETHEE).
Some of these techniques have been applied in the HE field, such as Murias
et al. (2008) who present a CI for quality assessment in the Spanish public
university system using DEA, or Ding and Zeng (2015) who use TOPSIS com-
bined with information entropy weight to analyse the overall performance of 68
Chinese universities. Giannoulis and Ishizaka (2010) adopt ELECTRE III to
evaluate the performance of British universities, reflecting personal preferences,
while Jati and Durai Dominic (2017) propose a complete ranking of university
websites using the PROMETHEE II method.

Furthermore, some MCDM techniques allow for different compensation de-
grees depending on the aggregation scenario chosen. In this line, Blancas et al.
(2010) use a goal programming (GPCI) approach to develop two CIs, depend-
ing on the degree of compensation allowed between the criteria. Ruiz et al.
(2020) generalize the original reference point scheme proposed by Wierzbicki
(1980) and Wierzbicki et al. (2000), which was adapted later on to build CIs
based on two reference levels (Ruiz et al., 2011). This MRP-WSCI method
allows to construct different CIs depending on the compensation degree among
the indicators. Two different CIs are provided: the weak indicator (WCT),
allowing for full compensation among the individual indicators, and the strong
indicator (SCT), not allowing for any compensation.

When constructing CIs, a natural and comfortable way to provide pref-
erential information for the decision makers consists of giving reference levels
(Miettinen, 1999). In this regard, some MCDM methods based on the mini-
mization of distance functions allow the assessment of reference levels by the
decision maker. These reference levels can naturally define performance levels
for the individual indicators and the corresponding distance function measures
the position of each unit with respect to these levels. The reference levels can
be established, in absolute or relative terms, according to the target of the anal-
ysis. First, they can be given by one or a group of decision makers, if they have
enough knowledge about the problem and they wish to do so. In this case, the
CI gives us an absolute measure of performance, with respect to these values,
and these levels could be named as “absolute levels”. Second, they can be set
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statistically, given a data set. In this case, the CI measures the relative position
of the units with respect to those belonging to the data set, and these levels
could be named as “relative levels”.

Within the distance functions based techniques family, the most popular
MCDM techniques are TOPSIS (Hwang and Yoon, 1981), the compromise pro-
gramming (Yu, 1973), the goal programming (Ijiri, 1965) and the reference point
approach (Wierzbicki, 1980). However, not all of them allow the construction
of CIs for different compensation degrees. Within this context, TOPSIS and
the compromise programming method allow for a full compensation among the
criteria, while only the GPCI approach, the double reference point method and
its generalization, the MRP-WSCI approach, allow different compensation de-
grees. Specifically, the GPCI allows establishing just one reference level, while
the double reference point method allows establishing two reference levels. This
can be a limitation in some cases, since the use of only one or two reference levels
may not be enough for the users. Instead, the MRP-WSCI approach allows the
decision maker to establish, for each indicator, a desired number of reference
levels, and the final outcome can be interpreted in terms of the position with
respect to these levels.

1.4. Efficiency assessment: Data Envelopment Analysis

When considering the role of universities in contributing to the social, eco-
nomic and cultural development, their level of the operational efficiency should
be taken into account (Agasisti et al., 2019). In this regard, governments around
the world have been faced with increasing pressure on their finances, giving rise
to the need to operate universities with a higher degree of efficiency (Abbott and
Doucouliagos, 2003). Specifically, the general trend in reducing public funds for
Spanish universities has led to define the efficiency in the Spanish HE sector as
a priority (de la Torre et al., 2017b). According to Salas Velasco (2020), per-
formance evaluation of HFE institutions is vital for judging the degree to which
resources made available to the HE field are utilized efficiently in the process of
obtaining desired outcomes.

In this direction, since the pioneering work by Charnes et al. (1978) and
Charnes et al. (1981), the comparative analysis of the efficiency in education has
been brought into the focus of public and policy interest (De Witte and Lépez-
Torres, 2017). There is no doubt that this topic will continue to dominate
headlines in the field of HE, where a university is considered as efficient if it
makes the best possible use of available inputs.

In practice, Data Envelopment Analysis (DEA) and its variations, have been
the most used methodologies for measuring the efficiency in the context of HE.
Specifically, in the last years, empirical research on the HE efficiency using
DEA models is becoming increasingly important at the international level (e.g.
Abbott and Doucouliagos, 2003; Johnes, 2006; Agasisti et al., 2019). While in
the Spanish panorama, according to Martinez-Campillo and Fernandez-Santos
(2019), there has been limited research on the technical efficiency of Spanish
public HE system (Berbegal-Mirabent et al., 2013; de la Torre et al., 2017a,b;
Berbegal-Mirabent, 2018; de Jorge Moreno et al., 2019; Salas Velasco, 2019;
Martinez-Campillo and Fernandez-Santos, 2019; Salas Velasco, 2020). In this
direction, the assessment of the Spanish public HE system has been tackled
from different perspectives. For instance, some papers use universities, facul-
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ties or university departments, among others, as units of evaluation (de Jorge
Moreno et al., 2019), while other papers analyse the relative effectiveness of the
Spanish HE institutions in terms of “general-model”, “teaching-only” (Fuentes
et al., 2016), “research-only” (Expdésito-Garcia and Velasco-Morente, 2018) and
“knowledge transfer-only” model (de la Torre et al., 2017b). In this thesis, we
will deal with the comparison among all the 47 Spanish public universities as a
unit of analysis.

DEA is a non-parametric technique, originally introduced by Farrell (1957)
and extended by Charnes et al. (1978) and Charnes et al. (1981). In a DEA
model, technical efficiency is defined as the relative ability of each decision
making unit (DMU) in producing outputs given a certain set of inputs (Yang
et al., 2017). 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 programming technique which chooses the best
set of weights for each DMU to maximize the efficiency ratio (outputs/inputs).

Furthermore, both DEA mathematical formulation (variable returns, VRS,
and constant returns to scale, CRS) have been used to evaluate the Spanish
universities. For instance, de la Torre et al. (2017b) and Berbegal-Mirabent
(2018) applied the VRS formulation, where each Spanish public university is
compared with any other homogeneous university, that is, to another of the same
“relative” size. Salas Velasco (2019) used, first, the CRS model, where the single
university’s dimension has no importance in defining efficiency performance,
that is, Spanish universities face the same efficiency frontier, independent of
their relative size. Then, the results are compared to the VRS model.

On the other hand, given that, in general, the Spanish public universities
have little decision-making power on the inputs used, since a great part of
them are given by the public HE funding, the output oriented of a DEA model
specification is the most widely used in the Spanish HE field. In this direction,
Berbegal-Mirabent et al. (2013); Fuentes et al. (2016); de la Torre et al. (2017b)
and Martinez-Campillo and Fernandez-Santos (2019) used the output oriented
model, where the level of inputs remains at the same level while the outputs are
maximized. It should be noted that CRS results are invariant to the choice of
input or output orientation, whereas this is not the case for VRS results.

Nevertheless, according to Palomares-Montero and Garcia-Aracil (2011), the
evaluation of HE institutions’ activities is not easy because they are multi-
product firms with complex production processes, and the perspective adopted
depends on the aims of the assessment. Furthermore, most rankings existing
nowadays, operate under the concept of “the higher the value for all the in-
dicators, the higher the performance achieved” (Gonzélez-Garay et al., 2019).
Hence, they can assign worse (or better) performances to universities regardless
of whether they make an efficient (or inefficient) use of their resources.

1.5. Purposes and structure of the PhD thesis

In conclusion, the important role that HE plays towards the global com-
petitiveness of countries confirms universities as key players of socio-economic
development for national economies. There is no doubt that universities are
key players as sources of knowledge and innovation: they build human cap-
ital, and enhance the social and cultural fabric that ensures that innovation
can thrive (OECD, 2007). To this end, according to Dehon et al. (2009) and
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Sénchez-Barrioluengo (2012), HE institutions fulfill different functions, such as
the construction of knowledge (research), the diffusion of knowledge (teaching),
and the valorization and use of knowledge (service to society).

In the course of the last years, university rankings have become one of the
most favorite issues in the assessment of HE institutions (Sanz-Casado and De-
Filippo, 2011; Glanzel and Debackere, 2009). In fact, since the publication of
the first edition of the ARWU Ranking in 2003 and the successive international
lists, such as the Times Higher Education World University Ranking'?, the QS
World University Ranking'*, the CWTS Leiden Ranking'® and the Webometrics
Ranking of World Universities®, the comparative evaluation of the quality of
HF institutions has been brought into the focus of public and policy interest. In
the Spanish panorama, the U-Ranking project'” of the BBVA foundation and
the IVIE institute, and the CyD Ranking'® of the Foundation “Conocimiento y
Desarrollo” are highlighted.

According to Marope et al. (2013), the existence of the well-known world uni-
versity rankings shows that universities are really living “in an age of assessments
and comparisons”, which has led to define the rankings as “a global strategic
instrument”, instead of a simple “consumer product” (Hazelkorn, 2013). This is
mainly due to the simple and synthetic way in which they offer the information,
which facilitates comparisons among the different universities while simplify-
ing them. Unfortunately, according to the latest edition (2019) of the ARWU
Ranking, only 15% of the total of Spanish universities are among the top 500
HE institutions in the world, and only one of them, which is the university of
Barcelona, is among the top 200. This data is frequently mentioned as proof of
the limited quality and the low involvement of the Spanish university system in
the international projection.

However, despite their popularity, rankings have come under some criticism
for their purposes and for using poor research methods (Climent et al., 2013).
Meanwhile, Rauhvargers (2011) highlights that the criticism received by uni-
versity rankings is mainly due to their limited coverage and opacity. In this
direction, most of rankings, especially the commercial ones, use simple aggre-
gation techniques. This implies a compensatory character among the criteria,
producing single scores, which makes it difficult for users to detect the differences
among universities according to their performance on the different indicators.
In this way, the value given to the rankings is linked to how they are made as
well as the metrics used for it (Rauhvargers, 2011).

On these premises, the present doctoral thesis aims to go beyond simply pro-
viding a ranking of the Spanish public university system. To this end, in order
to evaluate the performance of the Spanish public universities, first, we propose
a novel methodology based on the multicriteria reference point scheme (MRP-
WSCI; Ruiz et al., 2020). Then, a combination of the MRP-WSCI approach
with the DEA analysis is proposed.

As mentioned in Section 1.4, there is no doubt that the literature provides a
wide range of papers that use the non-parametric DEA method to evaluate HE

L3https://www.timeshighereducation.com/world-university-rankings
M http://www.topuniversities.com/university-rankings
Bhttp://www.leidenranking.com/
L6http://www.webometrics.info/es

Thttp:/ /www.u-ranking.es/index2.php
8http://www.rankingcyd.org/

41



institutions. In fact, since the doctoral thesis of Rhodes (1978), where the DEA
method was proposed and used, HE has been one of the focus of the efficiency
evaluation through the DEA approach.

However, the number of outputs considered in most published papers that
use the DEA method ranges from two to four, being the number of graduate
students and the number of publications the most frequently used. However,
according to Gonzdlez-Garay et al. (2019), the academic quality in HE is inher-
ently multi-faceted, and therefore, difficult to assess using just a few indicators.
In this direction, the evaluation of such complex phenomena, as is the case of
the HE field, requires to take into account two important aspects. First, the HE
system is quite complex, diverse and it includes different tasks interconnected
with each other. Second, in today’s globalized and highly competitive envi-
ronment, the evaluation of the university system requires the use of techniques
that are able to manage its complexity (Attardi et al., 2017). Thus, given the
complex and multidimensional nature of the HE field, the purpose of this thesis
consists of considering all the aspects regarded as relevant to assess university
performance. To this end, the performance of the Spanish public universities
is assessed using the MRP-WSCI approach. Then, these results are used as
outputs in the DEA analysis.

Besides, the assessment of universities using the MRP-WSCI approach has
two main advantages. First, reference levels are used for each indicator and thus,
the scores are easily interpreted as the current position of the university with
respect to these levels. Also, when measuring multidimensional frameworks,
such as the HE field, the use of CIs is highly suitable. According to Saisana
and Tarantola (2002), the CI should ideally measure multidimensional concepts
which cannot be captured by a single indicator, providing simple comparisons
that can be used to illustrate complex and sometimes elusive issues in wide-
ranging fields. Thus, a CI is a mathematical combination of all individual
indicators, with the main advantage of offering a simplified view of a much
more complex problem. In this direction, the use of the MRP-WSCI method
allows to construct CIs for different compensation degrees in such a way that
the scores, apart from giving an overall performance measure of the universities,
also provide warning signals that let the user detect improvement areas.

In pursuit of our aims, this PhD thesis is presented as a compendium of
articles and it is organized in the following way:

= Chapter 2 comprises the three publications that constitute the com-

pendium:

e Subchapter 2.1 is dedicated to the theoretical and methodological
framework:

o Since the literature today provides a wide range of methodologies
for the construction of university performance CIs, the first arti-
cle, El Gibari et al. (2019), aims to identify the different MCDM
methods used to construct CIs. Besides, in this paper, these
methods have been classified in five categories: the elementary
methods, the value and utility based methods, the outranking
relation approach, the data envelopment analysis based methods
and the distance functions based methods. In general, our re-
view has shown a clear tendency towards an increasing number
of papers that use MCDM methods to construct CIs since 2014.
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However, this review has also allowed us to identify a shortage in
the construction of CIs using MCDM methods in the field of HE.
This article is published in a Scopus database with an impact in-
dex of 0.378 (Q2). Its Citation Index is 33 in Google Scholar and
its Field-Weighted Citation Impact is 8.36 in a Scopus database
(date of reference: 31 May 2020).

o The second paper, Ruiz et al. (2020), comprises a generaliza-
tion of the double method reference point method (Ruiz et al.,
2011), called MRP-WSCI. The reference point method was orig-
inally proposed by Wierzbicki (1980), with the idea of solving
multi-objective programming problems, by generating efficient
solutions that were closer to certain reference levels (desired) for
the stated goals. Wierzbicki et al. (2000) extended this method-
ology to a double reference point scheme, suggesting its use for
the construction of objective rankings, where a reservation level
(minimum level regarded as admissible) and an aspiration level
(level regarded as desirable) can be specified for each objective.
Later on, Ruiz et al. (2011) and Cabello et al. (2014) further
adapted and developed this approach for the construction of com-
posite indicators with different compensation degrees and based
on the weights given by the user. However, despite the advan-
tages of the aforementioned double reference point method, it
has two possible drawbacks. First, in some cases, the use of only
two reference levels may not be enough for the users. Second,
the results are given in a fixed scale (from -1 to 2). This can
be a limitation when combining this methodology with others,
such as traditional DEA models. In this direction, the decision
makers may wish to use a scale with different ranges. Thus, the
MRP-WSCI method can be applied in a more general context,
where the decision makers can establish any number of reference
levels, which somehow define the performance levels (e.g., very
poor, poor, fair, good, very good,...), and any scale can be used.
This paper is published in the OMEGA: The International Jour-
nal of Management Science, which is indexed in the JCR with a
noteworthy impact factor of 5.341 (Q1). Specifically, OMEGA is
the second best journal within its category “Operations Research
& Management Science”. The Citation Index of this publication
is 3 in Google Scholar and its Field-Weighted Citation Impact is
0.52 in a Scopus database (date of reference: 31 May 2020).

e Subchapter 2.2 is devoted to the empirical application:

o The third publication, El Gibari et al. (2018), comprises an ap-
plication of multicriteria analysis techniques, based on the dou-
ble reference point method (Ruiz et al., 2011), to the Andalu-
sian public university system. In order to get a more accu-
rate vision of each university mission, the three basic missions
(research, teaching and technology transfer) are analyzed sep-
arately. Within the scopes of multicriteria and HE field, the
results obtained are particularly useful because they serve not
only to measure the relative position of each university, but also
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to offer a warning system to assist in strategic decision making.
Besides, aggregations for different compensation degrees are pro-
vided for each Andalusian university. This paper is published in
the Journal of Informetrics, which is indexed in the JCR with
an impact factor of 3.879 (Q1), in the category “Computer Sci-
ence & Interdisciplinary Applications”. Its Citation Index is 7 in
Google Scholar and its Field-Weighted Citation Impact is 0.90
in a Scopus database (date of reference: 31 May 2020).

= Chapter 3 presents some additional research questions related to the
aforementioned publications:

e Subchapter 3.1 proposes an extension of the theoretical and method-
ological framework:

o In order to make decisions in our dynamic environment, the
use of CIs has become indispensable, since they are powerful
tools for summarizing, focusing and condensing the complexity
of such environment. However, the information provided by the
CI should be maximal, allowing to detect improvement areas,
rather than just ranking the units. In this direction, the lit-
erature provides few approaches that allow the construction of
CIs for different compensation degrees. On these premises, we
illustrate the behavior of some methods that build CIs allowing
different compensation degrees. Specifically, we analyze the ad-
ditional information provided by each of these methods when the
compensatory and non-compensatory scenarios are jointly con-
sidered. An extended version of this research work has been sub-
mitted to the “International Journal of Information Technology
and Decision Making” and is presently under review. This jour-
nal is indexed in the JCR with an impact factor of 2.862 (Q2),
in the categories “Operations Research €& Management Science”
and “Computer Science & Information Systems”.

e Subchapter 3.2 proposes an expansion of the multicriteria analysis
to the Spanish public university system:

o Finally, we evaluate the Spanish public universities performance
by combining the MRP-WSCI approach and the DEA analysis.
We discusse how this combination can add value to traditional
CIs, not only in terms of securing high performance of the Span-
ish public universities, but also in how to make an appropriate
use of resources. Our analysis highlights the need to assess the
university performance by using both compensatory and non-
compensatory scenarios. Furthermore, combining the use of CIs
with the DEA analysis gives us a more complete picture of the in-
stitutions under assessment, allowing universities to detect their
weaknesses and strengths. The combination is illustrated using
data on research, teaching and technology transfer for 47 Spanish
public universities for the most recent academic year available,
2016-2017. It should be noted that an extended version of this
research work is currently under development, which we plan to
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submit shortly to a journal indexed in the JCR database and of
wide international dissemination.

= Chapter 4 summarizes the most significant results of this PhD thesis.
Finally, the work ends with some conclusions and future research lines.
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2. The compendium of publications
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The flexibility of using CIs to manage today’s complex environment has led
to a considerable increase in their number, as well as the existence of numerous
methods for their construction. Thus, this Chapter presents the compendium
of publications, where the main relevant aspects related to the theoretical and
methodological framework in the construction of CIs are tackled in Subchapter
2.1. First, we identify the different MCDM methods used for aggregating single
indicators into composite ones. Then, we present an innovative methodology
based on the multicriteria reference point scheme. Finally, in Subchapter 2.2,
we show and analyze the empirical application of the double reference point
method to the Andalusian public university system.
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2.1. The theoretical and methodological framework
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2.1.1. Building composite indicators using multicriteria methods: a
review

El Gibari, S., Gémez, T. & Ruiz, F. (2019). Building composite indicators
using multicriteria methods: a review. Journal of Business Economics, 89, 1-24.

DOI: https://doi.org/10.1007/s11573-018-0902-z

This article is published in the Scopus database with an impact index of
0.378 (Q2). Its Citation Index is 33 in Google Scholar and its Field-Weighted
Citation Impact is 8.36 in a Scopus database (date of reference: 31 May 2020).

Abstract

Composite indicators are increasingly recognized as a useful tool in policy
analysis and public communication. They provide simple comparisons of units
that can be used to illustrate the complexity of our dynamic environment in
wide-ranging fields, such as competitiveness, governance, environment, press,
development, peacefulness, tourism, economy, universities, etc. Their construc-
tion has been dealt with from several angles. Some authors claim that MCDM
techniques are highly suitable in multidimensional frameworks when aggregat-
ing single indicators into a composite one, since this process involves making
choices when combining criteria of different natures, and it requires a number
of steps in which decisions must be made. In this paper, we conduct a literature
review of papers published after 2002 in leading international journals indexed
in a recognized database (JCR), in order to identify the different MCDM meth-
ods used for aggregating single indicators into composite ones. They have been
classified in five categories: the elementary methods, the value and utility based
methods, the outranking relation approach, the data envelopment analysis based
methods and the distance functions based methods. In general, our review has
shown a clear tendency towards an increasing number of papers that use MCDM
methods to construct composite indicators since 2014.
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2.1.2. MRP-WSCI: Multiple reference point based weak and strong
composite indicators

Ruiz, F., El Gibari, S., Cabello, J.M. & Gdmez, T. (2020). MRP-WSCI:
Multiple reference point based weak and strong composite indicators. Omega,
95, 102060.

DOI: https://doi.org/10.1016/j.omega.2019.04.003

This article is published in the JCR database with an impact factor of 5.341
(Q1). Its Citation Index is 3 in Google Scholar and its Field-Weighted Citation
Impact is 0.52 in a Scopus database (date of reference: 31 May 2020).

Abstract

The construction of composite indicators is becoming an increasingly im-
portant way of managing great amounts of information obtained from multiple
single indicators. Obviously, the aggregation of several indicators in a single
synthetic measure always implies some loss of information on the way. For this
reason, this aggregation must be done in the most informative possible way,
so that the results obtained can be easily interpreted, and in an efficient way,
so that the information contained in the composite indicator is maximal. In
this paper, we propose a novel methodology based on the multicriteria refer-
ence point scheme. The decision maker can establish any number of reference
levels for each indicator, and the final outcome can be interpreted in terms of
the position with respect to these levels. Besides, two different aggregations
are proposed: the weak indicator, allowing for full compensation among the
single indicators, and the strong indicator, not allowing for any compensation.
The joint visualization of both composite indicators provides valuable informa-
tion that may be unnoticed using other existing approaches. The approach is
illustrated using an example based on the EU-Regional Social Progress Index
(EU-SPI).
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2.2. The empirical application. Performance measurement

2.2.1. Evaluating university performance using reference point based
composite indicators

El Gibari, S., Gémez, T. & Ruiz, F. (2018). Evaluating university perfor-
mance using reference point based composite indicators. Journal of Informet-
rics, 12 (4), 1235-1250.

DOI: https://doi.org/10.1016/j.j0i.2018.10.003

This article is published in the JCR database with an impact factor of 3.789
(Q1). Its Citation Index is 7 in Google Scholar and its Field-Weighted Citation
Impact is 0.90 in a Scopus database (date of reference: 31 May 2020).

Abstract

In this paper, we propose the application of a novel methodology to build
composite indicators, in order to evaluate university performance. We ana-
lyze separately the three basic dimensions of our university system (research,
teaching and technology transfer), because we are interested in getting a more
accurate vision of each of them. In order to build the composite indicators,
we use a multicriteria analysis technique, based on the double reference point
method. One advantage of this technique is the possibility to use reference lev-
els, in such a way that the results obtained are easily interpreted in terms of
the performance of the university with respect to these levels. Besides, aggre-
gations for different compensation degrees are provided. In order to illustrate
the advantages of this method, it has been applied to evaluate the performance
of the public universities of the Spanish region of Andalucia, for year 2008. The
results show that the performance of the Andalusian public universities in the
teaching block is better than in the research and technology transfer blocks.
The application lets us conclude that the methodology offers a warning system
to assist in strategic decision making, and the values of the indicators allow us
to find fields of improvement in all areas.
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3. Additional research questions
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3.1. Comparisons of the MRP-WSCI approach with
other schemes for building compensatory and
non-compensatory composite indicators
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According to Saaty and Ergu (2015), MCDM research has become a hot
research topic because many complex practical decision problems involve mul-
tiple criteria as well as multiple objectives. In this line, one way of dealing with
MCDM problems is to convert them into a single criterion problem (Teodor-
ovic and Edara, 2007). To this end, decision makers could use some of the
compensatory methods (that allow advantages of one indicator to be traded for
disadvantages of another), or non-compensatory methods (that do not allow
advantages of one indicator to be traded for disadvantages of another).

Specifically, depending on the aggregation method chosen, the compensatory
character between indicators varies (Munda, 2008). This compensation can
be: full (additive methods and compensatory multicriteria approaches), partial
(geometric aggregations and other partially-compensatory methods), or zero
(non-compensatory techniques).

In this direction, the compensatory CIs are designed in order to provide an
overall measure of the performance of each unit, while the non-compensatory
CIs are useful tools to point out bad behaviors. Of course, when evaluat-
ing complex phenomena, it is necessary to seek information on the different
dimensions which contribute to characterize a multidimensional phenomenon
(Mazziotta and Pareto, 2017). In this line, the CT reduces the dimensions with
an evident loss of information, but it manages this complexity, allowing a sin-
gle measure that is more communicative. In general, the joint consideration of
both compensatory and non-compensatory CIs should ideally provide a richer
amount of information about the performance of the units in a simple and easy
to understand way.

According to Ciommi et al. (2017), the simplest and most common aggrega-
tion methods are based on the arithmetic average and the geometric average of
individual indicators. In general, the former allows for full compensation, while
the geometric average aggregation limits the compensatory character among the
criteria. However, in addition to the MRP-WSCI approach (Ruiz et al., 2020)
proposed in this PhD thesis, there are other procedures to build CIs for differ-
ent compensation degrees in the literature, like in Tarabusi and Guarini (2013)
building a function that somehow incorporates the two extreme cases of com-
pensation: the full compensation represented by the weighted arithmetic mean
and the zero compensation by the minimum function. Furthermore, within the
MCDM framework, Blancas et al. (2010) use a goal programming (GPCI) ap-
proach to develop two CIs, depending on the degree of compensation allowed
between the strengths and weaknesses of the units.

Thus, the aim of this Subchapter is to propose comparisons of the MRP-
WSCI approach with other methods that specifically build CIs with different
compensation degrees among indicators. Namely, comparisons will be made
between the joint use of the arithmetical and geometrical averages, the Mean-
Min Function (Tarabusi and Guarini, 2013), a GPCI approach (Blancas et al.,
2010) and the MRP-WSCI method (Ruiz et al., 2020). To this end, we test the
information provided by both compensatory and non-compensatory scenarios
by applying them to a real case, through the construction of the childhood
vulnerability index, in the African context. We will compare the actual meaning
of the results obtained by each of the methods compared, as well as the amount
of added information provided by the non-compensatory scheme.
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3.2. Evaluating the Spanish public universities
performance and efficiency by combining the
MRP-WSCI approach with Data Envelopment
Analysis
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The literature notes that most university rankings existing nowadays, oper-
ate under the concept of “the higher the value for all the indicators, the higher
the performance achieved” (Gonzalez-Garay et al., 2019). Hence, they can as-
sign worse (or better) performances to universities regardless of whether they
make an efficient (or inefficient) use of their resources.

Furthermore, governments around the world have been faced with increasing
pressure on their finances, giving rise to the need to operate universities with a
higher degree of efficiency (Abbott and Doucouliagos, 2003). In this direction,
since the pioneering work by Charnes et al. (1978) and Charnes et al. (1981),
the comparative analysis of the efficiency in education has been brought into the
focus of public and policy interest (De Witte and Lépez-Torres, 2017). Specif-
ically, 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 in the Spanish public higher education sector as a priority
(de la Torre et al., 2017b; Martinez-Campillo and Fernandez-Santos, 2019).

There is no doubt that DEA is an excellent tool to measure the relative
performance of a set of units with multiple inputs and outputs (Akbari et al.,
2020). In the literature of DEA, some authors, such as Dyson et al. (2001),
claim that the number of units has to be at least twice the number of inputs
and outputs to be used, while others suggest that the number of units has to
be three times higher. In this direction, problems of discrimination between
efficient and inefficient units often arise when there is a relatively large number
of variables when compared to the number of units (Charles et al., 2019).

However, the academic quality in higher education is inherently multi-faceted,
and therefore, difficult to assess using just a few indicators (Gonzélez-Garay
et al., 2019). In this direction, the evaluation of such complex phenomena, as is
the case of the higher education field, requires to take into account two impor-
tant aspects. First, the higher education system is quite complex, diverse and
it includes different tasks interconnected with each other. It can be asserted
that the university system is basically a multidimensional concept, which makes
it difficult to condense the diversified work going on within universities into a
single number or ranking. Second, 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. Consequently, the
evaluation of the university system requires the use of techniques that are able
to manage its complexity (Attardi et al., 2017).

Therefore, in this additional research question, we discuss how the combi-
nation of the MRP-WSCI approach proposed in this PhD thesis with the well-
known DEA method 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. First, we analyze the added information provided by the joint
consideration of the MRP-WSCI composite indicators and the DEA analysis.
Second, we test the robustness of the DEA efficiency scores for the Spanish
public universities, with respect to changes of the weights when constructing
the MRP-WSCI composite indicators. To this end, we apply the suggested
methodology to the case of the Spanish public universities.
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4. Results, conclusions and future research
lines
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4.1. Results

In the last years, the assessment of the quality and the excellence of HE
institutions has been brought into the focus of public and policy interest. In
this direction, most university rankings have developed and used CIs to provide
rankings of universities or countries, which is not surprising, due to their aims
of summarizing, focusing and condensing the complexity of our dynamic envi-
ronment. There is no doubt that CIs are becoming an increasingly important
way of bench-marking universities’ performance.

In general, the construction of CIs involves making choices, and combining
criteria of different natures. Thus, many works have attempted to construct
them by falling back on MCDM methods. In particular, our results have shown
a clear tendency towards an increasing number of papers that use MCDM meth-
ods to build CIs since 2014. More specifically, our review has shown that, since
2012, there has been an increasing tendency to adopt the distance functions
based methods. Furthermore, although the MCDM methods have been applied
to construct CIs in a wide variety of fields, such as sustainability (29%), envi-
ronment (12%), business (8%), energy (6%), tourism (5%), human development
(5%), water service (4%) and investment (4%), this review has allowed us to
identify a shortage in the field of HE. Moreover, most of the papers reviewed
have been published in journals belonging to the category of “Environmental
Sciences” (48%), which seems logical since sustainability and environment are
the most assessed fields using MCDM methods to construct CIs. Other papers
have chosen journals focusing on the category of “Operations Research & Man-
agement Science” (27%). However, there are just a few articles published in the
category of “Education & Educational Research”.

Besides, when aggregating individual indicators into a composite one, an
important aspect to emphasize is the compensation degree among the different
criteria. This way, in the field of MCDM methods used to construct CIs, some
techniques allow for full compensation (e.g. the Simple Additive Weighting,
SAW, the Utility Theory Additive, UTA, the Simple Multi-Attribute Rating
Technique, SMART, the DEA and TOPSIS methods), partial compensation
(e.g. the Multi-Utility Theory, MAUT, the Multi-Attribute Theory, MAVT, or
the Weighted Product method, WP), or no compensation (e.g. ELECTRE and
PROMETHEE).

Other MCDM methods allow for different compensation degrees, such as
Blancas et al. (2010), who use a goal programming (GPCI) approach to de-
velop two CIs, depending on the degree of compensation allowed between the
strengths and weaknesses of the units, or the MRP-WSCI method proposed in
this PhD. In particular, both approaches carry out a distance based normaliza-
tion. However, the GPCI approach does not force the normalized indicators
within a predetermined range. In this line, the minimum and maximum values
of the normalized indicators, and therefore, those of the corresponding CIs, are
not bounded a priori. The GPCI approach allows to identify the strengths and
weaknesses of the units, taking into account the position of each unit with re-
spect to one reference level. However, the MRP-WSCI method normalizes the
indicators to have an identical and bounded range, allowing for multiple refer-
ence levels. This way, the MRP-WSCI approach can be applied in more general
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contexts, where the decision makers may wish to establish more performance
levels, or use different measurement units. Therefore, the values of the CIs
proposed can be easily interpreted as the global position of the corresponding
university with respect to hypothetical global reference levels. Thus, the final
score is not just a number, but a more informative measure. Besides, in this
PhD tesis, we have shown that the MRP-WSCI composite indicators satisfy a
series of properties which are regarded in the scientific literature as highly desir-
able (existence and uniqueness, symmetry, transitivity, monotonicity, invariance
and exhaustivity properties).

Ideally, the information provided by any aggregation method should be a
powerful tool for decision makers, allowing to detect improvement areas, rather
than just ranking the units. This way, we have proved in our research that the
joint consideration of both compensatory and non-compensatory scenarios pro-
vides richer information about the performance of the units in a simple and easy
to understand way. In fact, due to the complexity of our dynamic environment,
the information provided should be as maximal as possible. In this direction, in
order to test the amount of added information provided by the joint consider-
ation of the compensatory and non-compensatory scenarios, we have proposed
a comparison among several methods that allow for different compensation de-
grees, depending on the aggregation scenario chosen: the Mean-Min Function,
the GPCI method and the MRP-WSCI approach. Besides, since the arith-
metic and geometric averages are the most common aggregation methods in the
literature, both averages have been also used.

Our results reveal that the non-compensatory scenarios of the classical aver-
age and the GPCI allow, in practice, for a partial compensation, while the non-
compensatory CIs provided by the Mean-Min Function and the MRP-WSCI
approach do not allow for any compensation among the indicators. Further-
more, the Mean-Min Function and the MRP-WSCI approach provide richer
information when both compensatory and non-compensatory scenarios are con-
sidered. In order to prove this assertion, we have carried out a series of compu-
tational experiments, where all the methods have been applied to a number of
problems that have been randomly generated. We can conclude that the results
obtained are very homogeneous across all the simulation sizes considered. In
fact, the Mean-Min Function and the MRP-WSCI method present the smallest
correlation between the compensatory and the non-compensatory schemes, in
almost a 50% of the simulations each, and only the GPCI method obtains the
least correlated results in a residual number of cases.

On the other hand, the normalization procedure of the Mean-Min Function
allows to identify the units with a performance above or below the average,
while the GPCI and the MRP-WSCI approaches carry out a distance based
normalization, taking into account the position of each unit with respect to a
set of reference levels (one, in the case of the former, or more, in the latter).
Moreover, the minimum and maximum values of the scale of the CIs are pre-
defined for the classical averages and the MRP-WSCI, while in the case of the
Mean-Min Function and a GPCI approach, there are no upper and lower levels,
so the results can take any real value.

The complexity, diversity and multidimensional nature of the HE field make
the use of MCDM methods to construct CIs highly suitable, since this pro-
cess involves making choices when combining criteria of different natures, and it
requires a number of steps in which decisions must be made. In fact, the appli-

62



cation of the double reference point method to the Andalusian public university
system constitutes a contribution in both scopes, multicriteria and HF.

First, in opposition to the well-known university rankings, the main advan-
tage of our research has been the possibility to analyze HE institutions from
different perspectives simultaneously by developing and using CIs jointly with
individual indicators of university performance. On the one hand, we minimize
the amount of information lost in the aggregation steps, since the university
performance has been assessed in such a way that reference levels are used for
each indicator and thus, the scores are easily interpreted as the current position
of the university with respect to these levels. Moreover, we have developed CTs,
for different compensation degrees, for each of the three main missions of uni-
versities, in such a way that the scores, apart from giving an overall performance
measure of the universities, also provide warning signals that may assist user
in strategic decision making for policy purposes, by identifying the weaknesses
and strengths of each university.

With respect to the Andalusian public university system, our results reveal
that, in general, their performance in the teaching mission is better than in the
research and technology transfer missions, although the values of the indica-
tors suggest that all the universities have still much room for improvement. In
fact, our results show that, in the teaching mission, the “international attrac-
tiveness” and “internships” are weaknesses for most of the Andalusian public
universities. While, in the research missions, a large number of weaknesses takes
place in the “publications” and in the “amounts of the National Plan projects
per doctor”. Thus, special attention has to be paid to these aspects, since the
internationalization, the scientific research, and the public investment in R&D
of HF institutions features among the sector’s key transformations, specially in
the European context.

In addition to providing valuable information about the performance of the
universities through the joint consideration of the compensatory and the non-
compensatory scenarios, rankings for different compensation degrees are also
provided. In this case, we can affirm that the ranking for the research mission
is more stable than the teaching and technology transfer missions. Anyway, no
ranking is highly affected by slight changes in the compensation allowed. Even
comparing extreme situations, there are only minor changes in the positions
of the Andalusian public universities. It should be noted that the evaluation
of the Andalusian public universities has served as an illustration of the double
reference point method. Thus, the application is devoted to stating the potential
advantages of the methodology as compared to the ones traditionally used.
However, the assessment results would be more valuable if strategic decision
makers in higher education had been involved in the research.

Finally, the use of techniques that are able to manage the present complex
environment is highly suitable. Thus, in this doctoral thesis, a combination,
in a robust environment, of the MRP-WSCI approach with the DEA analysis
has been proposed, which can be used as a supporting tool so that decision
makers can detect and improve important factors of the educational efficiency
and effectiveness of the Spanish public universities. This combination allows us
to consider as outputs all the aspects regarded as relevant to assess university
performance. In this direction, in addition to providing an overall performance
measure and detecting the actions needed to improve the performance of the
Spanish universities through the application of the MRP-WSCI, these perfor-
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mance indicators (compensatory and non-compensatory) are compared with the
resources available by each Spanish public university. Thus, the DEA analysis
gives us a more complete picture of the universities under assessment, allowing
them to better understand their weaknesses and strengths.

Among the 47 Spanish public universities in our data set, our results show
that 18 universities are efficient in the compensatory scenario, and 17 in the
non-compensatory one, and 14 of them are efficient in both DEA. On the one
hand, the results reveal that, on average, the scores among the Spanish public
universities are quite similar in both analyses (1.11 and 1.12, respectively). This
indicates that, keeping their inputs at the current levels, 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.

In general, most universities tend to be less inefficient when the overall
performance is analyzed (specifically, 21 out of 47). In fact, our results show
that certain Spanish public universities are much more inefficient in the non-
compensatory scenario, while in the compensatory one, their scores improve
substantially. This indicates that these universities perform poorly for at least
one criterion (worse performance in the non-compensatory scenario), but these
unfavorable performances are compensated by good performances in others, re-
sulting in a better overall performance (compensatory scenario). These findings
highlight the need to assess the university performance by using scenarios, where
the compensatory one gives an overall performance measure of the universities,
while the non-compensatory one helps to detect the actions needed to improve
the performances of the universities.

Furthermore, our analysis shows that, in addition to the Spanish public
universities that are always present in the most prestigious university rankings,
some other ones that occupy the lowest positions in some missions in the MRP-
WSCI analysis are among the efficient ones in the DEA analysis. In fact, some
Spanish public universities, even having quite “modest” resources, manage to
make an efficient use of them, achieving “good” performances in some areas.

Summing up, the combination of the MRP-WSCI composite indicators and
the DEA analysis provides a richer amount of information. First, since the
overall performance measure is analyzed through the compensatory scenario,
and the detection of the actions needed to improve the performances of the
Spanish public universities is carried out through the non-compensatory one,
the joint consideration of both scenarios is highly suitable. Second, combining
both scenarios with the DEA analysis helps the decision maker(s) in deciding
which aspects must be corrected, by better understanding the the weaknesses
and strengths of each Spanish public university.
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4.2. Final conclusions and future research lines

Nowadays, a better performance and commitment of the Spanish public uni-
versity system to create a competitive advantage is crucial, since it is a clear evi-
dence that, in the future, universities will have an even more vital contribution to
our society. Taking into account the complexity, diversity and multidimensional
nature of a university system, this doctoral thesis has attempted to analyze
the performance and efficiency of the Spanish public HE system by building
compensatory and non-compensatory CIs from a multicriteria approach.

In opposition to the well-known university rankings, the advantage of this
thesis is threefold. First, the possibility to analyze the Spanish public univer-
sities from different perspectives simultaneously, by developing and using CIs,
where the information about the performance of the individual indicators is not
lost throughout all the procedure. Second, the interpretation of the MRP-WSCI
composite indicators is more intuitive and easy for the decision maker, since they
represent the global position of the corresponding university with respect to the
given reference levels. This way, the final score is not just a number, but a more
informative measure. Third, in order to evaluate the Spanish university system,
as most of the rankings existing nowadays, we have developed and used CIs.
However, aggregations for different compensation degrees for each of the three
main missions of universities are provided, which, to our knowledge, has not yet
been adopted to evaluate university performance. This way, the joint consid-
eration of the compensatory and non-compensatory scenarios provides a richer
amount of information for decision-making. Specifically, apart from providing
an overall measure of the Spanish public universities, the MRP-WSCI method-
ology provides alert signs which let the decision maker detect bad performances
in certain indicators that may remain unnoticed otherwise. Furthermore, the
combination of the MRP-WSCI approach with the DEA analysis provides a
fuller and more nuanced picture of each Spanish public university, allowing to
detect the weaknesses and strengths of the HE institutions. In fact, this com-
bination can be used as a supporting tool so that decision makers can improve
important factors of the efficiency and effectiveness of the Spanish public HE
system.

A relevant conclusion of this PhD thesis is a quite remarkable variety across
results within the Spanish universities missions. Although the values of the in-
dicators suggest that, in general, all the universities have still much room for
improvement in all areas. In this line, our results reveal that, despite having a
good performance in the teaching and research missions, some Spanish public
universities perform poorly in the technology transfer mission, and consequently
a special attention should be paid to this mission. Besides, in addition to the
Spanish public universities that are always present in the most prestigious uni-
versity rankings, there are others that, even having quite “modest” resources,
they manage to make an efficient use of them, achieving “good” performances
in some areas.

To conclude, the present doctoral thesis has focused on the Spanish public
university system, analyzing a specific year. However, in order to study the
evolution of the Spanish universities along a given period, it would also be in-
teresting to extend this research to a dynamic scheme. Specifically, it is worth
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examining whether the Spanish public universities manage to maintain their
performance in each mission analyzed in the long term. To this end, the ref-
erence levels can be given in two different ways. First, in order to analyze the
situation of each Spanish public university compared to a particular year, fixed
reference levels for the whole period can be used. This allows analyzing the
evolution of the universities compared to the situation they presented in the
baseline year. Alternatively, these reference levels might change from one year
to another according to new requirements established by the academic authori-
ties. In this case, an absolute measure of the performance of the Spanish public
universities is given.

Furthermore, it would also be interesting to make a wider comparison among
the Spanish public and private universities, where the results will give an idea
of the relative position of each Spanish university with respect to all the insti-
tutions of the Spanish HE system. Besides, in order to get the most out of the
Bologna Process, a wider comparison among universities from different Euro-
pean countries could be useful for the Spanish Government purposes. It should
be noted that this comparison can only be carried out whenever the quality and
homogeneity of the data used for the different universities make it possible.
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