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Abstract: University rankings assess the performance of universities in various fields and aggregate
that performance into a single value. In this way, the aggregate performance of universities can be
easily compared. The importance of rankings is evident, as they often guide the policy of Higher
Education Institutions. The most prestigious multi-criteria rankings use indicators related to teach-
ing and research. However, many stakeholders are now demanding a greater commitment to sus-
tainable development from universities, and it is therefore necessary to include sustainability crite-
ria in university rankings. The development of multi-criteria rankings is subject to numerous criti-
cisms, including the subjectivity of the decision makers when assigning weights to the criteria. In
this paper we propose a methodology based on goal programming that allows objective, transpar-
ent and reproducible weighting of the criteria. Moreover, it avoids the problems associated with the
existence of correlated criteria. The methodology is applied to a sample of 718 universities, using 11
criteria obtained from two prestigious university rankings covering sustainability, teaching and re-
search. A sensitivity analysis is carried out to assess the robustness of the results obtained. This
analysis shows how the weights of the criteria and the universities’ rank change depending on the
A parameter of the goal programming model, which is the only parameter set by the decision maker.

Keywords: ranking; higher education institutions; sustainability; goal programming; multicriteria
decision-making

1. Introduction

The process of economic globalization in recent decades has had an enormous impact
on our societies and organizations. Higher Education Institutions (HEIs) have not been
unaffected by this evolution and are now subject to increased international competition
and social scrutiny. In this context, information is needed to enable stakeholders to assess
and compare the performance of HEIs globally. One of the most popular instruments are
university rankings, which allow for a simple and quick comparison of HEIs on the basis
of selected variables [1,2]. The development of these multi-criteria rankings has experi-
enced strong growth in recent years, which has made them an object of analysis by aca-
demia. The functions performed by university rankings are multiple and are aimed at
meeting the information demands of different stakeholders. They serve to guide prospec-
tive students, assess the overall situation of universities, improve competition in the areas
assessed in the rankings, project a good image of universities and improve the satisfaction
of the university community [3,4]. They can also be used to aid decision makers and facil-
itate university policies and the allocation of financial resources [5,6].
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The development of university rankings can be approached from different perspec-
tives. In order to unify the procedures, the Berlin Principles on Ranking of Higher Educa-
tion Institutions were published [7]. These principles are rather generic, but they address
important issues that need to be considered in the development of the rankings. Any rank-
ing should clearly define the purpose and goals of the ranking, the design and weighting
of the indicators used, the process to collect and process the data, and the way ranking
results are presented.

Currently, most global university rankings assess the performance of HEIs in relation
to two fundamental aspects: teaching and research [8]. The fact that the rankings value
these two aspects of university activity is logical, as these have traditionally been the two
main functions of HEIs. On the other hand, the main international rankings value the re-
search aspect much more highly than the teaching aspect and, frequently, what is really
being measured is the prestige of the universities [9,10].

Global university rankings have been criticized for a number of reasons [11-13]. One
of the main reasons for criticism is to analyze only aspects related to research and teaching
[14]. This point is especially relevant if we recognize the importance of rankings in provid-
ing information to stakeholders and as a force for promoting specific university policies
[1]. In this sense, in a context in which concern about climate change is growing, univer-
sities must lead the process of change required by society [15-17]. Therefore, it seems rea-
sonable to incorporate the measurement of environmental performance as a criterion in
the elaboration of the rankings. The relationship between universities and the environ-
ment is manifold. Universities are like small cities, whose management has repercussions
on aspects such as the transport of thousands of students and employees, energy con-
sumption and waste management [18]. They can be an example of environmental man-
agement for other public administrations and companies. Moreover, they can promote
sustainability culture through numerous actions such as the inclusion of sustainability in
curricula, or the promotion of research and transfer of environmental issues [17,19,20]

In addition to analyzing only research and teaching, the global university rankings
are criticized for the methodology used, especially the weighting of the criteria [21,22].
Generally, this process is very subjective and the methodology does not make explicit who
has decided the weighting of each of the criteria in the final weighting or how it has been
calculated [23], so the results obtained are not reproducible [24]. As a result, the rankings
differ substantially in their orderings, although the top places are often occupied by the
same universities [25]. This lack of transparency undermines the credibility of the rank-
ings and limits their effectiveness in achieving the purposes they are intended to serve.

In the light of the above criticism, the aim of this paper is to present a methodology
to develop university rankings by applying goal-based programming that includes both
traditional criteria related to research and teaching, as well as sustainability criteria. This
multi-criteria methodology allows for a transparent and objective weighting of the differ-
ent criteria [26]and at the same time is easily reproducible [27]. In this way, this paper
contributes to the growing literature on sustainable university management and the de-
velopment of HEI rankings.

The remainder of the paper is structured as follows. Section 2 presents the literature
review related to the assessment of the environmental performance of universities. Section
3 describes the criteria used for the elaboration of HEI rankings under the criteria of re-
search, teaching and sustainability. Section 4 is devoted to the presentation of the meth-
odology to elaborate the multi-criteria ranking based on goal programming (GP). Section
5 describes the database used in the elaboration of the rankings. Section 6 analyses the
rankings obtained and finally, Section 7 presents the main conclusions of the work.

2. Assessment of the Environmental Performance of Universities

The inclusion of sustainability performance criteria in the HEI rankings can be a de-
termining factor as a catalyst for action. It allows for measuring progress in promoting
sustainability in different aspects, increases transparency and is a means for universities
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to communicate their commitment to environmental goals. The importance of HEIs as
promoters of sustainable development was already highlighted in the Declaration on the
Human Environment in 1972. Since then, numerous policy statements, charters and dec-
larations have been issued dealing with HEIs sustainability. Among the latest examples
we can mention the United Nations Higher Education Sustainability Initiative (HESI),
People’s Sustainability Treaty on Higher Education, Copernicus Charta 2.0, and the G8
University Summit: Statement of Action [28]. The aim of these documents is to promote
the commitment of universities to the goals of sustainable development and to facilitate
the process of integrating sustainable development into the different activities carried out
by HEISs [2,29]. The aim is not only to reduce the environmental impact of universities as
operating institutions, but also to turn them into promoters of social change. In this con-
text, universities must introduce sustainable management in aspects such as infrastruc-
ture management, energy consumption, waste treatment and water consumption. They
must also consider indirect aspects, such as the transport used by students and staff. Fur-
thermore, universities should encourage research and teaching in the area of sustainabil-
ity, raise awareness among students and staff of the importance of sustainable practices
and lead the change towards a more sustainable society [30,31]

Despite the fact that these declarations contain important guidelines to guide the ac-
tion of universities in achieving sustainable development and fostering a more sustainable
society, none of them is useful at an operational level, i.e., there are no precise instructions
on exactly how universities should act in each of the different areas involved in sustaina-
ble development. In response to this need, numerous assessment tools have emerged, es-
pecially in the last two decades. Some authors identified three categories of assessment
tools based on their approaches: accounts assessment, narrative assessment and indicator-
based assessment [32]. After the analysis of the strengths and weaknesses of the different
approaches, the author concluded that indicator-based assessments offer higher levels of
transparency, consistency and usefulness for decision-making. Moreover, indicator-based
assessments have an overall higher performance and are more easily measurable and
comparable then the other two approaches. It is therefore not surprising that in recent
years numerous proposals for sustainability assessment tools for HEIs using the indicator-
based approach have emerged. The main proposals have been compared and analyzed by
different studies [15,18,19,28]. It is worth noting that there are notable differences between
them in terms of purpose, scope and function. Moreover, assessment tools vary also re-
garding the weighting methods for indicators, flexibility and access to information [28,33].
Some of the sustainability assessment tools in HEIs have been proposed by researchers,
for example the Adaptable Model for Assessing Sustainability in Higher Education [34],
the Graphical Assessment of Sustainability in Universities GASU [35], the Graz Model for
Integrative Development GMID [6,36], the Modifiable Campus-Wide Appraisal Model
MOCAM [23]the Sustainable University Model SUM [37], the University Environmental
Management System UEMS [30] or the Uncertainty-based quantitative assessment of sus-
tainability for HEIs [17]. Other proposals have been made by universities, organizations
and companies, among them the Assessment System for Sustainable Campus ASSC [38],
the Sustainability Assessment Questionnaire SAQ [39], the Unit-Based Sustainability As-
sessment Tool USAT [40], or the Sustainability Leadership Scorecard [41].

Some of the methodological proposals allow for the elaboration of ranking tables,
such as the Times Higher Education Impact University Ranking [42], People and Planet
University League (P&P) [43], the Sustainability Tracking, Assessment and Rating System
(STARS) [44] and the GreenMetric World University Ranking [45]. In this paper, we will
use the data collected and used for the elaboration of the UI GreenMetric World Univer-
sity Ranking (GreenMetric). This international ranking assesses HEIs sustainability per-
formance around the globe and is an initiative of Universitas Indonesia. According to Rag-
azzi and Ghidini [46], this ranking lays a good foundation for the incorporation of the
principle of sustainability within the HEIs and reflects the need to quantify the efforts
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towards sustainability. Several authors have used this ranking in their research. Some au-
thors evaluate the implementation and results of the ranking [47], others focus on concep-
tual issues surrounding the meaning of sustainability [48], others used this ranking to
quantify the contribution of universities to sustainability [49], others assess the sustaina-
bility related performance of Indian HEIs [18], and others analyze the individual indica-
tors employed to obtain the ranking [50]. Other authors also use the GreenMetric ranking
as the benchmark and conclude that there is low relation between universities” academic
and sustainability performance [8].

3. Criteria Employed in the Ranking of Universities

In recent years, social pressure for a firm commitment to sustainability has grown.
Universities have not been oblivious to this development. The work carried out by uni-
versities places them in a privileged position to disseminate and promote sustainable be-
havior on and off campus. In this context, it is important to have a tool that allows to track
the progress of universities in their sustainable management and their promotion of sus-
tainability in their teaching and research activity. It is also of interest to be able to compare
the situation of HEIs at a global level and to give visibility to those universities with the
best performance. To achieve these objectives, university rankings are a very useful tool.
The aim of the present work is to draw up a ranking that combines the traditional criteria
in the field of research and teaching with sustainability criteria. The aim is to develop a
ranking that can influence the policies of HEIs and that is necessary to promote sustaina-
ble development and contribute to the fight against climate change. Although some re-
searchers have already pointed out the importance of combining research, teaching and
sustainability criteria in the development of university rankings [8], few have made meth-
odological proposals [6]. As expressed by most of the literature on sustainability in higher
education, the concept of sustainability includes not just management/campus operations
and community engagement but teaching and research activities [51,52]. That means, as-
sessing sustainability implies including teaching and research criteria. On the contrary,
assessing the teaching and research performance of universities does not necessarily re-
quire the inclusion of sustainability criteria. This is the fact for most traditional rankings
based on teaching and research performance.

In order to draw up the ranking, this work uses criteria related to teaching, research
and sustainability that are already used in university rankings of recognized prestige. Spe-
cifically, to capture the teaching and research areas according to traditional criteria, we
include the criteria of the Times Higher Education World University Ranking (THE), one
of the global benchmark rankings [53] which has been employed in many research studies
[2,12,27]. Criteria to assess sustainability performance are obtained from the GreenMetric
ranking [46]. The criteria used are listed in Table 1.

Table 1. Criteria employed in the multicriteria university ranking.

- e . Weight in th
Criterion Definition Ranking elg. nthe
Ranking
Setti d Gives inf ti di i ity poli
Setting an ives information regarding university policy 1 o 15%
infrastructure (S&I) towards green environment
This criterion is concerned with the use of
tficient appli 3 :
Energy and energy efficient appliances, energy use . .
. renewable energy policy, green building, GreenMetric 21%
climate change (E&C) . ;
climate change adaptation and greenhouse gas
emission reductions policy
F te treat tand li
Waste ocuses on waste treatment and recycling GreenMetric 18%
activities
This criterion deals with wat , .
Water is criterion deals with water use GreenMetric 10%

conservation and recycling
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Transportation

Education and
research (E&R)

Teaching

Research

Citations

International
outlook

Industry Income

Assesses the transportation policy of
universities, including limitation of motor
vehicles in the campus, shuttle services,
parking area, and pedestrian path policy
Assesses the role played by universities
creating the new generation concern with GreenMetric 18%
sustainability issues

Assesses the learning environment by means of

a reputation survey, staff-to -student ratio,

doctorate-to-bachelor’s-ratio, doctorates- THE 30%
awarded-to-academic-staff ratio and
institutional income

Measures the volume, income and reputation of
the research performed by universities by
means of a reputation survey, the research
income and research productivity

Research influence, which is quantified
capturing the average number of times a
university’s published work is cited by scholars
globally

This criterion is made up by following
indicators: Proportion of international students,
proportion of international staff and
international collaboration

Measures knowledge transfer as research
income from industry due to inventions, THE 2.5%
innovations and consultancy

GreenMetric 18%

THE 30%

HE 30%

THE 7.5%

Table 1 shows the 11 criteria that will be used in the elaboration of the multi-criteria
ranking that considers the performance of universities in the areas of sustainability, teach-
ing and research. The GreenMetric ranking provides six criteria: Setting and Infrastruc-
ture, Energy and Climate Change, Waste, Water, Transportation and Education and re-
search. The weighting of each criterion in the GreenMetric ranking is as shown in Table 1.
The sum of the weightings is 100% in the GreenMetric ranking. THE uses five criteria:
Teaching, Research, Citations, International Outlook and Industry income. The weights
associated with each criterion are shown in Table 1. All of them will be used in the elabo-
ration of our ranking and they also add 100.

It can be stated that in the GreenMetric ranking, sustainability also covers the areas
of teaching and research. However, the THE ranking uses traditional criteria unrelated to
sustainability to measure the performance of universities in these areas.

4. Methodology

To compile a ranking, it is necessary to select the criteria to be considered and to
assign a weighting to each of them. Both steps are critical and have a great influence on
the ranking table. While it is true that the most popular university rankings do adequately
describe the criteria they use, there is very little transparency regarding the calculation of
the weightings. Prestigious rankings such as Academic Ranking of World Universities
(ARWU); Times Higher Education World University Ranking (THE); Quacquarelli Sy-
monds (QS); THE Impact; Sustainability Tracking, Assessment and Rating System
(STARS) or IU GreenMetric World University Ranking do not provide enough infor-
mation about their methodology to obtain the weightings of the different indicators and
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criteria [5,23]. In cases where the methodology employed to obtain the weights is ex-
plained, expert opinion and AHP methodology are generally used, as in the proposals of
some researchers [6,20,23,35,54]. When experts are asked, the weights depend on the se-
lection of the experts and is subject to their subjectivity, which introduces a bias in the
ranking tables. Finally, the methodologies commonly used in the elaboration of rankings
first define dimensions or areas. Then, each criterion or indicator is assigned to a single
dimension. First, the importance of the different dimensions is weighted. Second, each
criterion is assigned a weight within that dimension, which indirectly implies a weighting
in the overall weighting. This way of proceeding assumes that each indicator is associated
with only one dimension. However, it is possible that an indicator is actually related to
two or more dimensions. This situation makes it impossible to assume that the different
dimensions are independent and makes the correct calculation of indicator weights more
complex.

In the following, a multi-criteria goal programming model is proposed that allows
solving all these problems simultaneously. The advantageous characteristics of the GP
model have led it to be used in different studies. For example, some authors use it to de-
velop a ranking of Spanish saving Banks based on economic and financial variables [55];
others use rank microfinance institutions [56]; others compare sustainable development
in the EU-28 countries [57]; and others use rank European companies on their social re-
sponsibility [26].

The proposed GP methodology allows for objective rankings without the need for
expert decision-makers except for the selection of criteria or indicators. It is a transparent
and easily reproducible methodology. In addition, it eliminates the need to create dimen-
sions that encompass the different criteria, so that this prior step is eliminated and it is not
necessary to assume the independence of the dimensions. This overcomes the criticisms
of other methodologies discussed in the literature.

The proposed GP models allow two different perspectives to be adopted in the elab-
oration of university rankings. On the one hand, greater weight can be given to criteria
that show a greater relationship with the rest of the criteria. On the other hand, greater
relevance can be given to criteria that show a singular or independent behavior from the
rest of the criteria. Being able to adopt these two perspectives is particularly important in
a ranking such as the one we are about to draw up, which involves criteria that quantify
HEI activities that may or may not be related, such as education, research or environmen-
tal commitment.

GP is a multicriteria technique originally proposed by Charnes and Cooper [58] in
which all functions, which may be linear and/or nonlinear and may use continuous and
discrete variables, are transformed into goals [59]. Decision-makers are then concerned
minimizing the non-achievement of goals [60] and the aim of GP is to minimize the devi-
ations between the achievement goals and their aspiration levels. GP is a realistic ap-
proach to many real-world situations where it is not possible to maximize a previously
defined utility function and decision-makers try to achieve a set of targets as closely as
possible [61]. In this context, GP is in line with the “satisfactory” philosophy [62], as it
makes it possible to find optimum solutions in a simplified context or find good enough
solutions in a more complex and realistic environment.

The basic formulation of GP is expressed as in Model (1)

min 31, |, (X) = gil M
s.t.X € F (F is the feasible set)
where x is a vector of decision variables, f;(X) is usually a linear function of the i-th goal,
and g; is the aspiration level.
The purpose of this paper is to obtain a ranking of Universities which considers the

different criteria which have been introduced in the previous section. Therefore, a single
measure for universities” performance must be obtained out of those criteria which will
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be used to rank the universities. In order to obtain the multicriteria performance of the
HEIs, none of the traditional dimensions employed in other rankings are required (i.e.,
research, education, sustainability). The multicriteria performance of the Universities is
obtained as a linear function of the different criteria considered as inputs as expressed in

2):
perU; = X9, wjcrit; )

where perU; is the multicriteria performance of the i-th university, crit;; stands for the
normalized value of the j-th performance criterion of the i-th university and w;is the
weight of the j-th performance criterion. Our goal is to transparently and objectively de-
termine the w; weights that are assigned to the different performance criteria. Only then
is it possible to construct a ranking table which is easily reproducible and avoids the crit-
icisms received by other ranking methodologies.

To achieve our goal, we propose different GP models. The first model is known as
the weighted goal programming model (WGP). This model assigns the weights to the dif-
ferent criteria by maximizing the similarity between the resulting multicriteria perfor-
mance and the individual performance criteria. The general WGP model can be expressed
as:

min ¥, 29, (an;; + Bjpy) 3)

s.t. 25, (wierity) + nyge —pye = critgi=1..nk=1,..d 4)
4w =1 5)

i wierity; = perUji=1..n (6)

Sii(ng +py) = Djj=1..d )

1D =2 ®)

The variables in the WGP model must all be positive. The negative (n;;) and positive
(pij) deviations from goals quantify the differences between the observed performance
of the i-th university in the j-th criterion and the multicriteria performance estimated by
the WGP model for the j-th criterion. In order to capture these situations, coefficients
ajand f; are employed. q; takes the value 1 if n;; is unwanted and the value 0 other-
wise. f; = 1if p;jis unwanted, otherwise f; = 0.

The weight calculated for the j-th criterion is w;. The weights are computed by min-
imizing the difference between the estimated multicriteria performance and the perfor-
mance value of each criterion. In the WGP model the weights of the criteria are obtained
without the participation of experts. Experts are only needed to select the criteria that
serve as inputs in the model. There is also no need to allocate the different criteria into
several areas or dimensions, which weight must also be obtained. The second constraint
is that the sum of the weights assigned to each criterion must be one. That is why the
deviation variables n;; and p;; are minimized in the objective function. The third con-
straint shows how the multicriteria performance of the i-th university is obtained. It is the
addition of the weighted performance of the i-th-university in all the assessed criteria. The
fourth constraint shows that D; quantifies the difference between the j-th criterion and the
estimated multicriteria university performance. Finally, Z is the addition of the estimated
overall disagreement. Low Z values mean that the multicriteria performance is in line with
the performance of most individual criteria. This will be the case when most criteria are
similar to each other. On the contrary, high Z values mean that there are big differences
between the multicriteria performance and the performance of the individual criteria. This
situation occurs when some criteria are less correlated or independent to the other. When
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this is the case, the results obtained by the WGP model may be poor, as the objective func-
tion seeks for a single multicriteria performance which is aligned with all the criteria em-
ployed. Therefore, conflicting criteria for which the improvement of one criterion leads to
the worsening of another criterion represent a problem in the WGP model.

The MINMAX GP model or Chebyshev GP model is able to cope with the problem
of discordant and even opposite indicators [60]. This model minimizes the maximum dif-
ference between the multicriteria performance and the unicriterion performances.

min D 9

s.t. 20 (werity) + nye — pye = critg i=1..nk=1,..d (10)
Y (aijnij+ Biypiy) <D j=1..d (11)

Xiw =1 (12)

Yo wicrit;; = perUii=1..n (13)
Yii(j+py)=Djj=1..d (14)

Y. D=2 (15)

All variables in the model have been introduced already in the WGP model, except
D, which represents the maximum deviation between the multicriteria performance and
the unicriterion performance, that is, the performance of each criterion. There are two dif-
ferences between the WGP model and the MINMAX model. The first difference is the
objective function. The second difference is a new constraint in the MINMAX model,
which calculates the value of D as the supremum of the sum of deviations for each crite-
rion j. As mentioned by [26], the solutions of both models represent extreme cases of con-
trasting strategies. The WGP model fosters the general consensus between single criterion
performances, whereas the MINMAX GP model overweights conflicting criteria perfor-
mances.

The extended GP model [60] offers a compromise between both models. An addi-
tional parameter A is introduced to balance the solutions between the WGP and MINMAX
GP models. The A parameter ranges between 0 and 1. When A equals 1, the extended GP
model obtains the same solutions as the WGP model. If A is set 0, the model obtains the
same solutions as the MINMAX GP model. In fact, both the WGP model and the
MINMAX GP model can be considered as special cases of the extended GP model. The
EGP model is defined as follows:

min A3, ¥4, (ajn; + Bjpi;) + (1 — DD (16)
s.t.Z?zl(chritij) + Ny —pix = critygi=1.nk=1,..d (17)
Yia(ayng + Biyjpy) <D j=1..d (18)

feaw; =1 (19)

Y4 wicrity; = perUsi=1..n (20)

Yy +py) = Dj=1.d (21)

Y¢..D=2Z (22)

5. Database

To illustrate the development of a multi-criteria ranking of universities that encom-
passes both the traditional criteria of teaching and research together with sustainability
performance by applying the proposed methodology, a database from 2020 of 718 univer-
sities from all over the world has been compiled. The selected universities belong simul-
taneously to THE and GreenMetric rankings. This is because the information regarding
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the criteria used is obtained from these rankings and the method proposed for the ranking
can only work with complete information. In the case of missing information from a uni-
versity regarding a criterion, that university could not be included in the ranking. The
criteria used are those described in Table 1. The descriptive statistical analysis of these
indicators is shown in Table 2, which includes the minimum, maximum, range, median,
mean and standard deviation.

Table 2. Descriptive analysis of the criteria used in the elaboration of the multi-criteria ranking.

Min Max Range Median Mean Std.Dev

Setting and Infrastructure 0 1450 1450 825 802.54  287.98
Energy and Climate Change 50 1800 1750 900 91496  323.88
Waste 0 1800 1800 900 876.92  423.03
Water 0 1000 1000 412.5 419.6 228.16
Transportation 0 1700 1700 825 848.71  316.39
Education and Research 0 1800 1800 925 94251  354.87
Teaching 11.2 90.5 79.3 21.3 25.3 11.41
Research 7.2 99.6 924 17 21.37 14.5

Citations 2.1 100 97.9 38.3 43.22 27.33
Industry Income 34.4 100 65.6 39.15 46.69 16.75
International Outlook 14.2 99.1 84.9 41.95 44.9 19.79

In addition to the analysis in Table 2, it is also interesting to perform a correlation
analysis (see Table 3). In general terms, the criteria used are not highly correlated. The
only exception is the high correlation between the criterion Research and the criterion
Teaching (0.87), both included in THE. On the other hand, the correlation between the
criteria from the GreenMetric ranking is generally higher than the correlation between
these criteria and those used in the THE ranking, and vice versa. Although both rankings
include criteria to account for the performance in teaching and research, (Education and
Research in the case of GreenMetric and the two criteria Teaching and Research in the case
of THE) the criteria of the different rankings do not overlap. That means, they are meas-
uring different realities and therefore their correlation is very low. This conclusion is ob-
vious, especially when comparing how the criteria are defined (see Tablel). This fact sug-
gests that universities can be grouped into two blocks: those that focus their policy on
improving their sustainability performance and those that focus mainly on teaching and
research aspects. This does not imply that they abandon the other dimensions, but rather
that one of these dimensions stands out from the others. Furthermore, Table 3 shows that
some criteria have a correlation of less than 0.1 with other criteria, indicating that they are
independent in relation to these criteria. This is the case for Industry Income, which is
independent of Citations and International Outlook, with a correlation coefficient of 0.02
and 0.05, respectively, and Citations and Setting and Infrastructure (0.02).
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Table 3. Correlation analysis.

Industry Int. Out-

S&lI E&C  Waste Water Transp. E&R Teaching Research Citations
Income look

S&l 1
E&C 0.36 1
Waste 0.45 0.60 1
Water 0.42 0.63 0.59 1
tTram’por 052 060 066 057 1
E&R 0.43 0.63 0.68 0.53 0.67 1
Teaching  0.21 0.28 0.37 0.37 0.33 0.32 1
Research  0.21 0.34 0.42 0.43 0.37 0.34 0.87 1
Citations  0.02 0.24 0.38 0.27 0.22 0.28 0.41 0.52 1
Industry_ 95 911 016 015 021 014 030 042 002 1
Income
Int. 0.06 0.32 0.35 0.33 0.33 0.38 0.35 0.45 0.57 0.05 1
Outlook

In order to operate with the collected data and implement the target programming
model, a 0-1 normalization must be applied to all values. The purpose of this normaliza-
tion is to avoid that the weights assigned to the criteria are biased due to the fact that some
criteria have much higher absolute values than the rest. The normalized value of the cri-
teria is calculated as follows:

crit; = (crity; — critf"™) /(crit"®* — crig™™) (23)
where crit;; is the normalized value of the j-th criterion in the i-th university; cri is
the maximum value of the j-th criterion; and Crit}-mi" is the minimum value of the j-th

max
¢

criterion.

6. Results and Discussion

With the database described in the previous section, 500 multi-criteria university
rankings have been produced by applying the EGP model. The other models described,
the WGP model and the MINMAX GP model, are nothing but special cases of the EGP
model, when A takes the value 1 and 0, respectively. Obviously, changing the value of A
affects the weighting of the criteria used and, therefore, the performance of the universi-
ties and their position in the ranking table. The model has been run for 500 equally spaced
A values, between 0 and 1. In this way we have obtained 500 rankings, each with its par-
ticular criteria weights.

First the weights assigned to the different criteria are analyzed. Figure 1 shows the
boxplot representation of the weights assigned to the selected criteria. Analyzing the me-
dian value, there is no criterion with a weighting higher than 20%, i.e., there is no criterion
that clearly dominates the rest. We can group the criteria into four groups, according to
their median weighting: median weight between 20% and 15% (Research and Water), be-
tween 15% and 10% (Transportation), between 10% and 5% (Citations, Educations and
Research; Energy and Climate Change; Industry Income; International Outlook; Waste)
and weight below 5% (Setting and Infrastructure; Teaching). It is necessary to underline
that the fact that a criterion is assigned a low weighting does not necessarily imply that it
is not important when assessing the performance of the universities. This is because crite-
ria may be correlated with each other, so that a lower weighting of one criterion may im-
ply a higher weighting of a correlated criterion. A low weight may also be obtained if
there is little dispersion in the values of one indicator. In this case, the criterion is not valid
to discriminate among universities and therefore it will receive a low weight.
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Figure 1. Weights assigned to the criteria for 500 different A values.

It is important to underline that the weights have been obtained objectively, without
the involvement of experts, who may have subjective and potentially discordant opinions.
Moreover, the weights of the criteria have been calculated directly, without the need to
create dimensions grouping the different criteria in order to facilitate the assignment of
weights.

Besides the analysis of the median value of the weights, it is also interesting to study
how the weights of the different criteria change as the A-value increases from 0 to 1. Figure
2 shows that for low A-values the weight of sustainability criteria dominate, while increas-
ing A-values result in higher weights for the traditional criteria (teaching and research, as
traditionally measured). In fact, there is a tradeoff between traditional and sustainability
criteria when allocating weights.
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Figure 2. Weights assigned to traditional and sustainability criteria for selected A-values.
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The different values of A, by influencing the weighting of the criteria, modify the
position of the universities within the multi-criteria ranking. Figure 3 shows the top 50
universities if the universities are ordered according to their median position in the 500
rankings. Wageningen University and Research has the best median performance, fol-
lowed by the University of Groningen. The median performance value is the one used to
rank the universities: a higher multi-criteria performance value implies a better position
in the ranking. What can be seen in Figure 3 is that there is a clear leader in the ranking,
Wageningen University and Research, followed by 4 solid universities heading the rank-
ing: University of Groningen, University of California Davis, Delft University of Technol-
ogy and Georgia Institute of Technology, which all have a very similar performance.
Looking at the median value of the performance, it can also be concluded that the differ-
ences are minimal between universities close to each other in the ranking.
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Figure 3. Top 50 universities in the multicriteria rankings obtained for 500 different A values.

Finally, it is interesting to analyze how different A values impact the performance
obtained by the universities, which, in turn, affect their position in the ranking. Figure 4
shows the performance of the top 50 universities according to their median position in the
500 rankings and how this performance changes for different A values. Again, Wa-
geningen University and Research outstands with very high scores regardless the A value,
so it always leads the ranking. For most universities, the position in the ranking can
greatly vary depending on the A values assigned. It becomes evident that some universi-
ties get a much better score when A is near zero, that is, when sustainability criteria have
the most weight (see Figure 2), and low scores for higher A values. For example, this is the
case for Asia University Taiwan and Istanbul Technical University. Other universities re-
ceive a better scoring when the A values are near 1, i.e., when the traditional teaching and
research criteria have more weight. This shows how important it is in any ranking meth-
odology to disclose which criteria are employed but also how the weight is assigned to
the selected criteria.



Sustainability 2021, 13, 13286

13 of 17

Score

0.6-

04-

=
©
b
2
3
14
o3

Wageningen Uni

University Of Groningen

University Of California Davis
Delft University Of Technology Tu Delft

- 1.00
- .
- I I lo.75
| |
o ||
™ -
—

te Of Technology

lambda

L T . 0.50

-

. - 0.25

I I . = W,
III I.III.I_- - B

" L

o L S S A S s [

n
in
Lishan College -

Chapel Hill

ork

Of Technology

of Limerick

Of Leicester

tonoma De Barcelona

W Sydney

of North Carolina
McMaster University

UNSY

Aalto University

Kyoto University
ngton University Saint Louis
Universitat Bremen
Radboud Uniy
Universitat Bayrel

Universil
University Of Warwick

Freie Universitat Berlin
King Abdulaziz University
University of Tasmania

University College
Universita di Bologna
Universitas Indonesia

Universidad de Navarra

Asia University Taiwan

National Cheng Kung University
Istanbul Technical University

Universitat

3=}
c
e )

Shandong Normal University

Universities

Figure 4. Comparison of the rank obtained by the Top 50 universities in our study, in the UI GreenMetric World University
Ranking and in the Times Higher Education World University Ranking.

Looking at Figure 4, we can identify some universities which are particularly strong
regarding sustainability criteria, such as Universitas Indonesia or National Cheng Kung
University, among others. This is probably related with some strategic decisions by the
universities to promote sustainability policies. Other universities are especially strong in
teaching and research, such as the University of California Davis or the University of Not-
tingham, but get poor scores in sustainability criteria. This is probably also due to political
decisions and those universities are now starting to focus on sustainability increasing ac-
tions. Finally, some universities, such as Wageningen University and Research, University
of Groeningen and Delft University of Technology Tu Delft, are both outstanding regard-
ing teaching and research and sustainability. Interestingly, all three universities are lo-
cated in the Netherlands, which is a country with a long tradition in teaching and research
and where population is very aware of sustainability problems.

7. Conclusions

University rankings are an instrument that allows stakeholders to evaluate and com-
pare the performance of universities in various fields. They are also a powerful instrument
for guiding university performance and promoting policies. In fact, many national gov-
ernments and many universities globally aim to improve their position in international
university rankings in order to enhance their prestige. Currently, most university rank-
ings measure university performance from a multi-criteria perspective, which encom-
passes two aspects of university activity: teaching and research. However, this vision of
university’s mission, limited to these two areas, may be incomplete. Indeed, there are
many stakeholders who believe that universities should promote sustainable develop-
ment and lead the fight against climate change in the evolution towards a sustainable so-
ciety. The relationship between universities and sustainable development is multiple and
encompasses aspects such as the environmental management of universities, research and
technology transfer or the design of curricula that awaken a commitment to sustainability
in students. For all these reasons, it seems reasonable to develop university rankings that
include the sustainable performance of universities, together with the traditional perfor-
mance in teaching and research.
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The development of rankings has been the subject of much criticism. From a meth-
odological point of view, the process of selecting criteria, the allocation of weights and the
lack of transparency are particularly criticized. In this regard, criteria are generally
grouped into dimensions and their importance is weighted against the other criteria
within that dimension. A weighting is then assigned to each dimension, and in this indi-
rect way the final weighting of each criterion in the ranking is established. With this pro-
cedure, a criterion can only belong to one dimension, which is not always the case. Then,
it is not reasonable to assume independence between dimensions, which makes it even
more difficult to calculate the weights of the criteria.

This paper presents a methodology for the elaboration of multi-criteria rankings
based on GP that addresses the above-mentioned criticisms. With this methodology, rank-
ings can be obtained objectively, without the need for experts with subjective opinions
and views that may not coincide. In addition, experts may have problems assigning
weights to unrelated dimensions. There is also no need to group criteria into dimensions
and the weights of the criteria are calculated directly. When applying the proposed meth-
odology, the decision maker only has to set the value of the A parameter, then the weights
of the different criteria are calculated automatically. The methodology is transparent and
easily reproducible. To weight the criteria, the proposed GP method, the EGP model, al-
lows the decision-maker to favor more or less criteria that show similar behavior to the
other criteria, through the A parameter. Different values of A imply different weightings
of the criteria of the model and, therefore, different values of the performance of the uni-
versities and different positions in the ranking table. In this sense, it should be noted that
the proposed methodology limits the subjectivity of the decision-maker in the selection of
the A value.

Once the methodology has been presented, it is applied to the elaboration of a multi-
criteria ranking of universities that includes sustainability, teaching and research criteria.
The sample of universities consists of 718 universities included in the Times Higher Edu-
cation World University Ranking and UI GreenMetric World University Ranking. The 11
criteria employed are those used in both rankings. The paper performs a sensitivity anal-
ysis to check how different values of A affect the weight of the criteria and the position of
the universities in the ranking. For this purpose, 500 A values are used. The result shows
that, for the selected sample, the weights of the criteria significantly vary depending on
the A-values. There is a tradeoff between traditional criteria (teaching and research) and
sustainability criteria. The changes in the weight of the criteria have a major impact on the
ranking of universities. This fact underlines the importance of the determination of
weightings in the ranking tables and the importance of transparent methods. Otherwise,
the prestige and usefulness of the rankings may be questioned.
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