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Abstract: This paper contributes to the literature about sustainability assessment and goes a
step further by studying the effect on university performance. The aim is to analyze, from an
external perspective, the relationships between the three dimensions of sustainability in universities
(environmental, economic, and social), the similarities between universities, and the impact that it can
have on performance. In order to carry out an empirical assessment for Spanish public universities,
an index is proposed to measure sustainability through indicators for the three dimensions. The results
show that there is a positive correlation among the three dimensions, but only the association between
the environmental and the economic dimension is statistically significant, which evidences that there
is not an integrated perspective of sustainability. Although there are no common patterns among
universities, some similarities among them were found. Finally, the paper shows that the entities that
integrate sustainability in their plans and activities have a positive impact on performance.
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1. Introduction

As leaders in education, research, and technology, universities have a key role in the processes
of social change, and development and should therefore be crucially involved in global sustainable
development [1,2]. In fact, sustainability has become a fundamental value in university strategies [3,4],
which can be linked to their third mission [5]. As education institutions, they must serve as an
example [6] and promote education for sustainable development, as well as introduce active policies
for achieving this goal [7].

Sustainability assessment has been recognized as a cornerstone to achieving sustainable universities
and there have been many contributions aimed at developing models and tools that can be useful for
this purpose [4,7-9]. The development of common models can be suitable for comparing sustainability
performance of universities in different regions [10]. One common issue on which the previous
literature agrees is the relevance of taking into account three different perspectives within the concept
of sustainability: Economic, social, and environmental, with various proposals and indicators for
covering these areas.

In 2015, the United Nations General Assembly adopted the 2030 Agenda for Sustainable
Development, in order to complement and broaden the scope of the Millennium Development
Goals (MDGs). Its 17 Sustainable Development Goals (SDGs) commit the global community to
“achieving sustainable development in its three dimensions—economic, social and environmental—in
a balanced and integrated manner”. As a consequence, there is a theoretically logical acceptance that
the integration of these three dimensions is necessary because they reflect the long-term challenges of
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ending poverty and hunger, achieving gender equality and the realization of human rights world-wide,
and ensuring the lasting protection of the planet and its natural resources. In spite of this, the practical
combination of these three dimensions is not so evident and can hide different levels or alignments.

The integration of social, environmental, and economic sustainability into university processes
has also been seen as a useful instrument for increasing accountability and improving performance [11].
Scholars have analyzed sustainability reporting [3,6,10,12,13] as a tool for increasing transparency
and involving stakeholders in management. Nevertheless, although there are many models to
measure sustainability and analyze sustainability reporting, studies of the impact and consequences of
sustainability on university performance are still scarce. This contrasts with the abundant literature
in the business sector about the effects of sustainability on organizational performance and the
achievement of the objectives, which reveals some contradictory results. For example, Lopez et al. [14]
found a short-term negative impact of corporate social responsibility (CSR) practices on business
performance, and Choi and Yu [15] found that the perceptions of CSR practices by employees had a
positive impact on their organizational commitment and on organizational performance.

This paper builds on the literature about sustainability assessment aimed at developing a practical
proposal for measuring, from an external perspective, the sustainability of Spanish Universities in the
three dimensions by constructing an index and analyzing the relationship between the dimensions.
The paper then goes a step further by analyzing the implications of sustainability and its three
dimensions on university performance. In this respect, recognizing the difficulties of measuring
performance in universities, academic rankings were used as a tool to compare productivity and
performance [16]. Academic rankings have been used to compare the quality of universities [17] and
serve for promoting the image of universities. The selection of the universities was based on the
availability of common information and criteria for the purposes of comparability.

The results show that sustainability has a positive impact on university performance. These results
can be of interest for university managers and stakeholders and can serve to encourage universities
to develop sustainable practices. They can also be useful for policy makers and regulators when
evaluating the benefits of regulating environmental and social practices in universities.

The paper is structured as follows. The next section presents a synthesis of previous research on
sustainability assessment and examines the relevance of performance measurement and the usefulness
of rankings. Section 3 describes the data base and the methodology used. Section 4 contains the
analysis of the results and the discussion. The last section draws some conclusions, highlighting the
contributions of the research, the way forward, and limitations.

2. Measuring Sustainability and Performance of Universities: Literature Review

Sustainability has been defined in the literature in many different ways [18,19]. Its measurement,
therefore, involves some challenges. In terms of sustainable development, sustainability can be
understood as the situation in which the needs of the current population are met while preserving the
ability of future generations to meet their own needs.

In higher education institutions and, in particular, in universities, the concept has become a
cornerstone for management, and in recent years, university agendas have increasingly adopted
sustainability as a core objective. This explains the extensive literature related to the assessment and
reporting of sustainability in universities [10,20]. Some criticisms have recently emerged, arguing that
there is more rhetoric than action and that senior managers do not sufficiently support sustainability
assessment and reporting practices [21]. For example, based on a survey of 70 higher education
institutions regarding sustainability, Lozano et al. [7] concluded that efforts and measures towards
sustainability were not integrated in university decision-making and strategies.

Assuming that “what gets measured, gets managed” [22], different models for assessing
sustainability have been developed around the world. One of the options more used to assess
and report sustainability has been the Global Reporting Initiative Guidelines [23], adapted for use
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in universities by Lozano [24] to develop the Graphical Assessment of Sustainability in Universities
(GASU).

Previous literature [21,22,25] summarizes the use of three different approaches: Accounts, narrative,
and indicator-based assessments. Accounts assessment tools are based on data that can be aggregated
in an overall performance measure, while narrative assessment uses text, graphics, and tabular data
to understand the impact of sustainability activities. Indicator-based assessments use indicators to
measure a specific aspect of sustainability, but the indicators can be quantitative, quasi-quantitative,
or qualitative. All of them have been subject to criticism and limitations, evidencing that this is a
complex issue.

Some authors have compared the attributes of different sustainability assessment tools (SAT) and
proposals. For example, Shriberg [26] compared 11 tools, Cole [27] reviewed 12 tools, Gémez et al. [28]
studied 8 tools, and Alghamdi et al. [22] analyzed 12 assessment tools of sustainability in universities
and their boundaries. Berzosa et al. [29] applied four of them to a case study, concluding that it can be
useful to combine different approaches to reach a greater rating of sustainability.

There are also some papers that compare the dimensions and indicators used in the tools aimed
at the identification of the more relevant areas. Larran et al. [8] carried out a literature review
about sustainability assessments and identified a total of 1124 items for measuring sustainability at
universities. These authors grouped the items in seven different categories related to universities:
Corporate governance, students, staff, society, environment, companies, and continuous improvement.
Taking into account the Spanish context, the authors proposed the use of 268 items to measure
sustainability in universities. Findler et al. [21] compared the indicators used in 19 SATs explicitly
designed for application by higher education institutions. Using content analysis, the authors identified
1134 indicators for sustainability. With a different orientation, Hasim et al. [6] used content analysis
of university websites in order to analyze the initiatives carried out by Australian universities, and
the results evidence the progress of universities in their commitment towards sustainability. Twenty
sustainability themes were detected using web content analysis of the selected university websites and
varied across 39 universities.

This evidences that sustainability measurement in universities has some complexities, taking
into account that impacts are sometimes difficult to measure and that there is no universally agreed
definition of “impact” in the literature or in practice [21]. Recognizing these difficulties, our objective
is not to make a proposal to measure sustainability in a universal way, but rather to design a model
that allows its measurement to be operationalized in the context of Spanish universities, in order to be
able to make comparisons between them from an external perspective. Because of this, the availability
of uniform information is an important limitation.

Most of the tools and research are based on the three dimensions of sustainability based on the
triple bottom line developed by Elkington [30]: Economic, environmental, and social sustainability.
The economic dimension refers to the profit and economic resources, which, in the case of universities,
could be focused on efficiency and intergenerational equity [31]. The environmental dimension focuses
on natural biological resources and ecosystems, while the social perspective is concerned with people
and individuals; that is, the impacts on the social systems within which the organization operates [32].
These organizational systems can be seen as sub-systems of the global system of sustainability [19] that
are compatible and mutually supportive [33] and that need to be integrated and conciliated.

To sum up, from an integrational perspective, the three dimensions are integrated in a global
concept of sustainability [34] but the relationship between them is not so evident, and some authors call
for the relevance of including the three into a robust framework of sustainable development [32-34].

In the case of universities, there is no literature that deals with the relationship between the three
dimensions, and for this reason, this paper aims to study whether universities use an integrated model
of sustainability that includes the three dimensions at a similar level. Our first research question
(RQ) is:

RQ1: What is the relationship between the different dimensions of sustainability?
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In order to answer the question, our paper proposes an operative model to measure the three
dimensions of sustainability, explained in the next section. The indicators included in these dimensions
and explained in section three include the five areas of sustainability identified by Alghamdi et al. [22]:
Aspects of management, academia, environment, engagement, and innovation.

The measurement of the three dimensions with homogeneity principles allows a comparison and
classification of the universities in order to find out whether they have a similar behavior. Thus, our
second research question is set as follows:

RQ2: Are there common patterns for sustainability in Spanish universities?

In addition, when sustainability practices are embedded into decision making and strategies, some
authors have confirmed that they can have positive effects on employees’ motivation and organizational
performance [15]. In the case of universities, the involvement of stakeholders in sustainability can have
positive effects, affecting the achievement of the university objectives in terms of research, education,
and the transfer of knowledge. In this respect, Lehmann et al. [35] analyzed, with a case study, the
effects of the involvement of a university in regional sustainability initiatives and concluded that it
has benefits on the ability to manage internal university processes (by learning from its peers) and
its ability to obtain the right graduates and knowledge. The authors maintain that participating in
sustainability programs is an opportunity for the university to gain credibility and have positive effects
on student and staff willingness to enroll at the university.

However, this has not been investigated in practice and a gap has been identified. After measuring
and comparing sustainability indices among universities, this paper tries to assess whether the global
sustainability and the three dimensions identified influence the performance of the universities.
Our third research question is the following:

RQ3: What is the influence of sustainability on university performance?

The performance of universities is usually based on the achievements of the objectives in research,
teaching, and the transfer of knowledge and its measurement is therefore complex [36]. Consequently,
performance measurement requires the use of some metrics to measure research output and teaching
performance in terms of numbers of students successfully graduating. However, scientific research is
difficult to measure because of the importance of quality [36]. Academic rankings are used as quality
indicators of universities, even though they are criticized because of their excessive focus on research,
and some critics have suggested that a more multidimensional approach [37] is necessary.

In order to assess the impact of sustainability on performance, the paper uses a performance
index based on different rankings available, as well as on other information about students’ success.
University rankings assess a plethora of parameters in their scoring systems, which can be useful to
measure performance.

The rankings used refer to teaching, research, and the impact on the web. The impact on the web
has been obtained from Ranking Web or Webometrics prepared by Cybermetrics Lab. According to
Cybermetrics Lab [38], web indicators are considered as proxies of the university’s global performance,
taking into account its activities and outputs and their relevance and impact. The index obtained is
then related to sustainability.

Figure 1 shows the relationship analyzed in each of the research questions.
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Figure 1. Research questions.

3. The Measurement of Sustainability and Performance in Spanish Public Universities:
A Proposal from an External Perspective

One of the characteristics of the Spanish university system has been precisely the concern for
sustainability and its integration in university policies. In fact, already in 2004, a working group
on environmental quality and sustainable development was created at the Conference of Rectors
of Spanish Universities (CRUE) to promote sustainability actions in Spanish universities. In this
framework, in 2007, a specific group for “University Sustainability Assessment” was created, in
charge of designing a tool to assess sustainability. For the moment, the tool developed has focused
on the environmental dimension, where universities are doing important efforts [39]. The tool is
based on indicators classified into three fundamental areas: Organization, teaching, and research and
administration. The indicators are designed so that the evaluation is carried out from an internal
perspective, since it is a questionnaire that the university itself must carry out.

With a similar orientation, Larrdn et al. [8], in accordance with the opinion of senior management
members of Andalusian universities, proposed the use of 156 items, selected out of the 268 items initially
proposed by the authors, in order to evaluate the sustainability of Spanish universities. The items were
classified according to the difficulty to obtain the information for calculating them, in spite of the fact
that the items were also designed from an internal perspective, which evidences that the availability of
the information is an important limitation to assess sustainability.

Considering that the above tools are very useful but cannot be applied from an external perspective
due to the difficulties to access to the information, and that there is not a tool that allows the measurement
of sustainability externally, the first step of our research was to design a model to assess the sustainability
of Spanish Universities. The sustainability index developed follows the accounts approach [21,22,25],
where some indicators were defined in each of the three dimensions. It is the first index developed for
Spanish universities with external application that includes an integrated perspective, because of which
it can be considered an important contribution, in spite of the limitations due to the restrictions in the
availability of the information. Table 1 summarizes the specific variables and indicators considered in
each of the dimensions analyzed, as well as the target or aim for each of them.
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Dimension Indicator Purpose to Measure Definition/Elements Taken into Account Aim/Reading
The open space area/total area; area on campus
Setting and Whether the campus covered in trees; area on campus covered in
Environmental Infrastrgucture deserves to be called a planted vegetation; area on campus for water Maximize/Positive
Green Campus absorbance; open space area/total campus
opulation; university budget for sustainable effort
pop y 8
Energy efficient appliances are replacing
conventional appliances; smart building
implementation; number of renewable energy
Enerev and University’s attention ~ sources on campus; the total electricity usage/total
. &Y to the use of energy campus population (kWh per person); the ratio of . -
Environmental Climate d climate ch bl duced) R Maximize/Positive
Change and climate change renewable energy produced/energy usage;
issues elements of green building implementation as
reflected in construction and renovation policy;
greenhouse gas emission reductions program; total
carbon footprint/campus population
Recycling program for university waste; program
Environmental Waste Recycling activities to reduce t he use of paper an.d plastlc. 1n campus; Maximize/Positive
organic waste treatment; inorganic waste
treatment; toxic waste handled; sewerage disposal
University’s decrease
of water usage, Water conservation program implementation;
Environmental Water increase conservation  water recyc.11pg progr'am 1mplementat1on.; the use Maximize/Positive
program, and of water efficient appliances (water tap, toilet flush,
protection of the etc.); treated water consumed
habitat
Total vehicles (cars and motorcycles)/total campus
population; shuttle service; zero emission vehicles
(ZEV) policy on campus; zero emission
Role of the carbon vehicles/total campus population; parking
Environmental  Transportation  emission and pollutant arefi/ total campus area; transportatloltl program Maximize/Positive
level designed to limit or decrease the parking area on
campus for the last 3 years; number of
transportation initiatives to decrease private
vehicles on campus; pedestrian path policy on
campus
Sustainability courses/total courses-subjects;
sustainability research funding/total research
The role in creating the funding; number of scholarly publications on
new genera tiong’s environment and sustainability published; number
Environmental Education Coriern with of scholarly events related to environment and Maximize/Positive
sustainability issues sustainability; number of student organizations
y related to environment and sustainability;
existence of a university-run sustainability website;
existence of published sustainability report
. The minimum possible .
. Operative cost . (Personnel expenses + operating costs on goods - .
Economic operating cost over the . Minimize/Negative
over revenues total net revenues and services)/total net revenues
Personnel cost The minimum possible
Economic over reventes staff cost over the (Personnel expenses)/operating revenues Minimize/Negative
operating revenues
Cost recover Coverage of the cost Revenues per student (fees and unconditional In the equilibrium
Economic rate per stu dei]lt o rgst-u dent transfer from the Autonomous should be
P P Community)/operating expenses per student =1/Positive
Sustainabili Internal financing of the university + unconditional In the equilibrium
. ty Coverage of the annual transfer from the Autonomous Community + q
Economic of the annual .. . . should be
. activity capital transfer for research/operating expenses + i,
activity . =1/Positive
capital expenses for research
D d
cpendence on Dependence on the
. the Total net revenues from current transfers and L .
Economic Autonomous . Minimize/Negative
Autonomous Community fundin capital transfers (art. 45 and 75)/total net revenues
Community ty &
Dependence degree on
Dependence on
. the General Total net revenues from current transfers and s -
Economic the General Maximize/Positive

Administration

Administration
funding

capital transfers (art. 40 and 70)/total net revenues
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Dimension Indicator Purpose to Measure Definition/Elements Taken into Account Aim/Reading
Social Security
Social affiliation 3 Labor integration Percent.a.ge.of students with Social S.ecurlty Maximize/Positive
years after affiliation 3 years after graduation
graduation
Percentage of
students with Fase of access to higher Percentage of students with grants from the
Social grants from the . & General Administration over the total number of ~ Maximize/Positive
education
General students
Administration
f the
. Dropout rate Success o the Percentage of students who drop out before S .
Social enrollment in - . Minimize/Negative
for graduates . . . completing their degrees
university studies
Gender inequality: The
gap between women
. Gender ratio for and men with . -,
Social Women (full professors)/men (full professors) Maximize/Positive
full professors reference to the
number of full
professors
Variation of the
ratio between  Gender inequality: The
incoming gap between women
students and and men as incoming (“women/men” as incoming students in Health
graduates students and as Sciences—“women/men” as incoming students in
Social (women and graduates in two very ~ Engineering and Architecture)/(“women/men” as  Minimize/Negative

men) in Health
Sciences and

different areas (Health
Sciences and

graduates in Health Sciences—""women/men” as
graduates in Engineering and Architecture)

Engineering Engineering and
and Architecture.
Architecture

In order to assess environmental performance, taking into account that environmental indicators
used by universities are not homogeneous, we have selected the six indicators proposed and
computed in UIGreenMetric [40]—probably one of the most widely accepted indices for this purpose
worldwide and previously used by Puertas and Marti [41]. This provides time series of numerical
information that allows rankings and subsequent classifications to be compiled. The concept of
campus in Spanish universities includes both buildings and infrastructure, as well as the surrounding
grounds. The indicators refer to setting and infrastructure, energy and climate change, waste, water,
transportation, and education. The main advantage of using these indicators is that they are widely
accepted as a main external information source, and that they are properly and externally processed in
order to provide a classification or ranking of a number of universities.

Economic indicators are particularly difficult to obtain in Spanish universities. Whereas budget
data are published by the universities, budgetary execution data are not so easily and publicly
available. With the aim of estimating economic efficiency and sustainability, we use four indicators
previously used in the methodological proposal by Blasco et al. [42,43] that refer to the global efficiency,
the university staff efficiency, the cost per student sustainability, and the sustainability of the annual
activity. Two additional indicators of economic/financial dependence suggested by the Ministry of
Education have been considered: Dependence from the Autonomous Government and Dependence
from the Central Administration. All these indicators have been considered in previous literature as
relevant to measure economic dimension [8].

In the social dimension, an important limitation for defining the indicators is the availability of
information. These institutions are seen as influential bodies in civil society that not only generate
knowledge and enable employment, but also contribute to creating cohesive and tolerant communities.
Accordingly, equal opportunities and access to all levels of education should not be more difficult
for people belonging to certain social groups. This is why we have included in the social component
one indicator representing labor integration, which has also been included in previous literature as
relevant [8,24], one indicator dealing with access schemes to university studies (grants), one indicator
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about the dropout rates and two others measuring gender inequalities, which can be considered an
important issue in the social dimension of universities [44].

Taking into account their definition and purpose, these elementary indicators have been re-scaled
according to the optimum value equal to 1, as used previously in gender indices [44]. For those
indicators with a “positive reading” (meaning that higher values indicate better situations and,
therefore, the aim should be to maximize), individual indicators have been re-scaled dividing their
individual values by their maximum each year. In contrast, for those indicators with a “negative
reading” (meaning that higher values indicate worse situations and, therefore, the aim should be to
minimize), individual indicators have been re-scaled dividing their minimum each year by each single
value of the indicator.

Hence, there are three groups of re-scaled indicators. The Ignyironmental grOup contains six indicators
(from IEnvironmental 1 tO IEnvironmental 6)/ the IEconomic group contains six indicators (from IEconomic 1 tO
IEconomic 6), and the Isocial group contains five indicators (from Igocial 1 t0 Isocial 5)-

The averaged correlation among re-scaled indicators is 9.27%, with a standard deviation of 9.34%.
At least initially, we consider all indicators as valuable since they provide significant new information.

The first methodological step in the analysis is the construction of a global sustainability index
made up of three sub-indices representing the three dimensions under consideration: Environmental,
economic, and social component.

As there are no clear guidelines about the superiority of any of the dimensions, and given that all
indicators convey valuable information, we propose an equally weighted measure for each university
and year, as described below. Furthermore, given the absence of a sustainability model in which
stakeholders’ participation can define specific objectives and their projection over time, we think that
an equally weighted measure is easily understandable, and preferable for long time scales, when data
completeness cannot be guaranteed.

Dimension indicator k

SIDimensionjt = Z Iijt with i € Ipimension
i=Dimension indicator 1

with Dimension = Environmental, Economic, or Social and k = 6 for the Environmental and Economic
dimensions and k = 5 for the Social dimension. Then, the global sustainability index can be defined as

ISustuinahilityjt = SIEnvironmentaljt + SIEconamicjt + SISociuljt

Finally, in order to measure performance, we also selected the performance indicators contained in
Table 2, which are related with the universities’ role as knowledge and technology generators, as well as
providers of viable employment. The main data source was the successive editions of the project carried
out by the BBVA Foundation and the Valencian Institute of Economic Research (IVIE) to assess the
performance of the Spanish university system [45-47]. We selected three individual indicators related
to rankings in teaching, research, and innovation and technology. Additionally, we also included one
indicator about the research impact achieved by each university relativized according to its production,
provided by the CRUE in its annual reports on the most relevant data of the universities [48]; another
indicator about qualified labor integration provided by the Integrated University Information System
for Spanish Universities (SIIU) [49] and the ranking provided by webometrics [38], that takes into
account both the volume of the web contents and their visibility and impact.

Following the same methodology described above, the indicators were re-scaled according to the
optimum value equal to 1. The indicators were equally-weighted and the global performance was
obtained with the following expression:

Per formance 6

IPerformancejt = Iijt withi € IPerformance
i=Per formance 1
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After the corresponding literature review, the choice of indicators was based on the potential
permanence of information sources so that the proposal of sustainability indices can be calculated in
future years. That is, one of the intentions of this choice was to maximize the probability of permanence
of the information sources over time.

Table 2. Indicators selected for measuring performance.

Indicator Purpose to Measure Definition/Elements Taken into Account Aim/Reading
Teacher every 100 students; budget per student; doctor
teachers/teachers; success rate; assessment rate; dropout
Teaching index Global teaching rate; attraction index; % of postgraduate students; mark - .
o . o . Maximize/Positive
(BBVA/IVIE) performance cut-off; % of foreign students; % of students in exchange
programs; % students enrolled in non-official language
programs
Competitive public financial resources per teacher;
contracts for doctors; research grants; technical
assistance; citable publications with ISI reference by
Research index Global research doctor teacher; recognition of research periods; doctoral Maximize/Positive
(BBVA/IVIE) performance thesis every 100 teacher doctors; impact factor of
publications; % of publications in Q1; citations per
publication; international funding per doctor; % of
publication with international co-authors
Income from licenses and consulting contracts every 100
Innovation and Global innovation doctors; income for long-life learning per doctor;
technological and technological number of patents every 100 doctors; hours of long-life - .
K R Maximize/Positive
development index development learning per teacher; contracts per doctor; traded patents;
(BBVA/IVIE) performance triadic patents every 100 doctor teachers; % of income
from international contracts
Imp.)act' of Relevana? of.research Number of citations received/published production Maximize/Positive
publications publications
Average contribution . - .
Effectiveness of labor Average contribution base (in euros) 3 years after - e
base 3 years after . . . Maximize/Positive
) integration graduation
graduation
Volume of the web
World rank - e . o .
orid ran contents and their Position in the ranking Minimize/Negative
webometrics

visibility and impact

4. Data and Methodology

The empirical analysis was carried out for the Spanish public universities. The universities and the
years under study were selected on the basis of data availability, such that a balanced panel data set can
be constructed with homogenous data and taking into account an acceptable range of environmental,
economic, and social indicators, as well as performance indicators. Our first limitation is that less
than half of the universities participate in UlGreenMetric [40], one of the data sources used for the
environmental indicators. For the three years covering this study, only 20 public universities reported
the information required in the UIGreenMetric survey [40].

The sample comprised 20 Spanish public universities for a three-year period from 2014 to 2016
(the last year for which there are data available). In Spain, there are a total of 50 public universities,
therefore the sample covered 40% of the total, which can be considered representative.

Aswehaveindicated, environmental indicators were obtained from UIGreenMetric [40]. Economic
and social data were extracted from university statistics published by the Ministry of Education
(SIIU) [49], the CRUE (Conference of Rectors of the Spanish Universities) [48], and the universities’
own websites. Table 3 shows the descriptive statistics of the three dimensions of sustainability for the
three years, as well as for the global index and for performance.
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Table 3. Descriptive statistics of the sustainability dimensions and performance.

Year  Descriptive Statistic  Slgnvironmental SIEconomic SIsocial  ISustainability — IPerformance
Average 3.885 4.225 3.726 11.836 3.813
2016 Stand. Dev. 0.966 0.36 0.288 1.253 0.608
Maximum 5.444 5.155 4.268 13.736 4.754
Minimum 2.015 3.418 3.253 8.976 2.858
Average 3.902 4.313 3.658 11.873 3.832
2015 Stand. Dev. 0.9 0.385 0.284 1.178 0.661
Maximum 5.463 5.2 4.251 13.891 4.942
Minimum 2.315 3.655 3.278 9.976 2.824
Average 4.158 4.318 3.955 12.43 3.91
2014 Stand. Dev. 0.732 0.403 0.259 1.033 0.665
Maximum 5.296 5.226 4.451 14.211 5.046
Minimum 2.847 3.406 3.522 10.467 2.817

In order to analyze the relationship among the three dimensions and answer RQ], firstly, we used
the Pearson correlation coefficients. More specifically, we assessed whether there is a correlation
between the three dimensions of sustainability and if those entities with higher environmental score
also have higher social and economic scores, which would evidence that universities have an integrated
concept of sustainability. Secondly, the relationship between the different dimensions was analyzed
with the Granger Causality Test, which allowed the investigation of the causality between two
dimensions. The test was repeated for each pair of dimensions.

The second research question was analyzed using Gephi software [50], which allowed to find
similarities among universities in terms of their distance within the same indicator group (Ienvironmental,
IEconomic OF Isocial). Gephi is an open-source software for graph and network analysis whose flexible
architecture produces valuable visual results even with complex data. The graph consists of a set of
nodes (universities in this case) and a set of pairs of nodes called edges (Euclidean distances among
universities in this case). The usefulness of this network analysis derives from the fact that nodes and
edges can be ordered and clustered according to specified criteria.

In our case, we built a network of relationships where each node corresponds to a university (j)
under study and an edge between two nodes (j;; and j,;) corresponds to the Euclidean distance (D)
between them. This procedure may be formally summarized as follows for each dimension (with
Dimension = Environmental, Economic, or Social):

Dimension Indicator k 0y
DDimensionjmjnt = Z‘ (Iz'jmt - Iij,,t) V]m * jn withi € IDimension
i=Dimension Indicator 1

Usually, cluster detection requires the partition of a network into communities of densely-connected
nodes. The quality of the partitions resulting from these methods is often measured by the so-called
modularity of the partition. Modularity is a scalar value between —1 and 1 that measures the density
of links inside communities as compared to links between communities. In this paper, we followed
the modularity defined by Newman [51] and Blondel et al. [52]. The higher the modularity measure
computed by the algorithm underlying the Gephi software, the more accurate are the clusters.

The third research question was analyzed using panel data methodologies, given that our data
combined cross-section and time-series data. Panel data are better suited than cross-sectional data
for studying the dynamics of change and minimizing the effects of aggregation bias. Whereas pooled
regression (intercept and slope coefficients are constant across time and universities) may result in
heterogeneity bias, fixed effects estimation allows each university to have its own intercept, assuming
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that that each university has a non-stochastic component. But these unobservable effects may also
be stochastic, and are then treated as a component of the random error term which varies among
universities (random effects estimation). With a large number of universities and a small number of
time-series data (as seems to be our case), estimates can differ significantly. If the cross-sectional groups
are a random sample of the population, random effects (RE) estimation is preferable. Nevertheless,
the Hausman test enables the appropriate choice between fixed and random effects, under the null
hypothesis that the RE estimates are efficient and consistent, and FE estimates are inefficient.

In our analysis, panel data models with random effects were initially estimated and the Hausman
test determined those estimates that were valid and those that should be discarded and re-estimated
with fixed effects.

In particular, the following initial models with random effects were estimated:

IPerformancejt =ap+ allsustainubilityjt +9+¢€j
IPerformancejt =po+p1 SIEnvironmentaljt + ﬁZSIEconomicjt + ﬁ3SISocialjt + wj + Hijt

5. Results and Discussion

The average index of global sustainability suggests that universities have not improved significantly
during the period under study (Table 3). It is worth noting as well that the environmental indicator has
the highest standard deviations, indicating a wider range of behavior among universities, whereas the
economic and social indicators exhibit a more homogeneous behavior. Notwithstanding, it should be
considered that the institutions included in the study are those being assessed in UlGreenmetric [40],
a voluntary evaluation submitted by universities, which suggests that these universities presumably
are those interested in ongoing improvement processes.

Table 4 shows the Pearson correlation ratio for the three sustainability dimensions, as well as the
correlation between them and the global sustainability index.

Table 4. Association between the three dimensions of sustainability: Pearson correlation.

SIgnvironmental SIEconomic Slsocial ISustainability
SlEnvironmental
SIEconomic 0.504 **
Slsocial 0.069 0.096
ISustainability 0.920 ** 0.720 ** 0.339 **

** Correlation is significant at the 0.01 level (two-tailed).

As can be seen, there is a positive association between the three dimensions of sustainability (RQ1),
although only the association between the environmental and economic dimensions is statistically
significant, indicating that those entities that implement environmental measures tend to have higher
economic sustainability, while there is no significant relationship with the social dimension or between
the economic dimension and the social dimension. Furthermore, the Granger causality test with
balanced panel data shows the robustness of these results (Table 5) and suggests that the economic
dimension causes the environmental dimension. Thus, the universities that are economically efficient
are the ones most likely to be environmentally more sustainable, whereas their social policies do not
have much to do with their economic efficiency, although, obviously, they contribute to the overall
sustainability of the institution. The fact that improvements in economic sustainability are not linked
to improvements in the social dimension should lead universities to reflect seriously on how economic
efficiency should move towards social efficiency, taking into account that the social dimension is
especially important for universities. This result is consistent with the fact that the social component,
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although regarded as an important category, is not always integrated into sustainability, as has been
previously pointed out in the academic literature [33].

Table 5. Pairwise Granger causality tests.

Null Hypothesis: F-Statistic Prob.
SIEconomic does not Granger Cause Slgnyironmental 3.79923 0.0462
SIEnvironmental does not Granger Cause SIgconomic 1.77697 0.2030
Slgocial does not Granger Cause Slgnyironmental 2.20324 0.1449
SIEnvironmental does not Granger Cause Slggcial 1.25778 0.3126
Slgocial does not Granger Cause Slgconomic 0.52327 0.6030
SIEconomic does not Granger Cause Slgocial 0.32373 0.7284

In sum, both the economic and the social dimensions are independent components or categories of
the sustainability index, providing clear value added to the information about the global sustainability
of these institutions.

Nevertheless, the correlation coefficients between each dimension and the global index evidence
the highest relevance of the environmental dimension in the sustainability index. Therefore, the entities
with good environmental indicators also tend to achieve good sustainability indices, taking into account
the indicators used in this study. This also indicates that, in practice, the main efforts in sustainability
by universities have been focused mainly in the environmental area, as pointed out in the report of the
CRUE [39]. This resembles what has happened in the business sector, where research and practice
have also emphasized the environmental dimension [53].

At this point, the question is whether an environmental sustainability index can be a good indicator
of global sustainability in the line proposed by the working group of sustainability of CRUE [39].
At least the possibility that environmental indices can be useful to measure sustainability should be
taken into account. Nevertheless, as previous literature highlights, global sustainability has to consider
all dimensions [33,53].

Gephi analysis was used in order to answer RQ2 (are there common patterns for sustainability
in Spanish universities?). Schemes 1-3 show the clusters found with the algorithm proposed by
Blondel et al. [52], which enables Gephi visualization using the Euclidean distances among universities,
as previously defined. (As all universities are related to each other, only 25% of the strongest relations
(small distances among them) are shown for clarity.)

Scheme 1 shows the clusters among universities according to the Ignyironmental group (Euclidean
distances in Ignyironmental 1/ - - - » IEnvironmental 6)- 1t has a modularity of 0.392 and allows the visualization
of three clusters. Two of them (dark and light blue, 11 universities) contain the 11 highest scores in
the environmental indicator and, consistent with previous results, the 9 universities of highest scores
in the global sustainability indicator (9 of the 11 universities included in these groups occupy the 9
highest positions in our global sustainability ranking). The thickness of the links between two nodes
indicates proximity. The thicker the link, the greater the similarity between the two institutions. Given
that only 25% of the significant relationships are shown, it is easy to observe that the blue communities
are closer to each other than to the yellow community. The scheme shows that there are three groups
of universities, with similarities between the universities within each group. As for the characteristics
of the universities belonging to each group, it can be highlighted that size does not seem to be a
relevant feature, as there are big universities and small universities in all groups. Nevertheless, 8 of the
11 universities with higher scores (blue clusters) are from the group of bigger universities (with the
exception of the University of Granada), whereas the three smallest universities in our analysis (Jaen,
Rovira I Virgili, and Illes Balears) do not score high in this dimension.
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Scheme 2 shows the clusters among universities according to the Igconomic group (Euclidean
distances from Igconomic 1 t0 IEconomic 6)- It has a modularity of 0.131 and allows the visualization of
9 communities. Although the standard deviation of the general indicator is not high, the algorithm
detects less connected universities, although the rest are closely linked. The bulk of the universities
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can be visualized in three different communities. A total of 9 out of 12 universities included in the
blue clusters are the universities with the highest score of economic efficiency and 8 of the universities
included show the 8 highest scores in the global sustainability indicator. In spite of the fact that 6
universities are not strongly connected with the remaining universities, the graph evidences strong
connections between the other 14 universities, with some common characteristics in the indicators,
which shows similarities among the analyzed universities. Once again, size does not seem to be
relevant. The four biggest Spanish universities in our analysis (Barcelona, Granada, Valencia, and Rey
Juan Carlos) belong to different clusters, as well as the four smallest universities (Illes Balears, Rovira I
Virgili, Jaen, and Jaume I de Castellon). Moreover, one of the closest relationships is that shown by the
universities of Alcala and Valencia, although Valencia belongs to the first quartile by size and Alcald
belongs to the fourth quartile.
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Scheme 3. Social cluster.

Scheme 3 shows the clusters among universities according to the Igyia group (Euclidean distances
in Ispgial 1/ - - -  Isocial 5)- It has a modularity of 0.344 and allows the visualization of 4 communities
(one of them with a single component). In this case, blue communities include 13 universities, all of
them with the highest scores in social sustainability with the exception of the University of La Laguna,
which is one of the universities with higher levels of social sustainability according to our indicators
but is has not been included in the blue clusters. However, only 5 of the 13 universities occupy the 5
highest scores in the global sustainability indicator. This implies that the social dimension, according
to our indicators, is the most differential category, given that it allows universities such as La Laguna,
Granada, Salamanca, or Rovira I Virgili, which do not score high in other dimensions, to show their
contribution to global sustainability, given that these universities, together with Valencia, Auténoma
de Barcelona, and Alcala, are those with the highest scores in the social category, contributing to the
integrated meaning of sustainability. As mentioned above, if the social dimension must be taken into
account when developing sustainability strategies by universities, also from an external point of view,
as in our case, it must be recognized as a value added that does not have to overlap with the levels
reached in other areas of sustainability. This confirms the relevance of this dimension and the need to
include it to have an integration of all the perspectives [33].
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Again, as with the other dimensions, size is not a key feature. Big universities like Rey Juan Carlos
or Politécnica de Valencia, which shows high standards in other dimensions of sustainability, has lower
scores in the social category, whereas one of the smaller universities, Rovira i Virgili, shows one of the
highest values of the social index and it is closely linked to big universities like Valencia.

In sum, although there are no strict guidelines to describe common patterns for sustainability in
Spanish universities, and although the universities that score the highest positions in one category do
not necessarily do so in another, there are similarities among universities with respect to their behavior.
The proximity between nodes is due to the fact that indicators have similar values, which, a priori, could
reflect the existence of similar university policies or practices. However, it is very difficult to identify,
with the available information, whether these similarities are intentional or co-incidental. Regardless of
their overall position, many possible university pairs are closely linked with respect to the categories of
sustainability; that is, many university pairs (19.5% of pairs) stay together in the same cluster in at least
two sustainability dimensions out of the three under analysis. For example, take the following pairs:
The University of Las Palmas de Gran Canaria and the University of La Laguna, the University of
Barcelona and the University Auténoma de Barcelona, the University of Santiago de Compostela and
the University Rovira I Virgili, or the University of Zaragoza with either the Universidad de Barcelona
or the Autonoma de Barcelona. Although they do not have the same scores in individual categories or
in the global sustainability indicator, the members of each pair have a close relationship with regard to
the three sustainability dimensions. In general terms, universities such as Illes Balears, Salamanca,
Zaragoza, Barcelona, and the Auténoma de Barcelona tend to be closely related to the same neighbors
in at least two of the three sustainability dimensions, whereas other universities such as Valencia,
Politécnica de Valencia, or Rey Juan Carlos present a more singular behavior.

Although this variety of behaviors makes it difficult to find more accurate patterns, just some
similarities between universities, we can conclude that very few Spanish universities tend to occupy
either high-level positions or low-level positions in all dimensions of sustainability, as most of them
present a wide range of achievements in terms of sustainability. Table 6 shows the ranking of universities
organized by quartiles according to their total score in the global sustainability index (Isystainability)- It is
worth noting that, as mentioned before, size does not seem to be a critical feature in global sustainability
either. The biggest universities (Barcelona, Granada, Valencia, Rey Juan Carlos, and Auténoma de
Barcelona) belong to the second, fourth, and first quartiles of sustainable universities, respectively,
whereas the quartile of smallest universities (Illes Balears, Rovira I Virgili, Jaen, Jaume I, and Alcald)
belong to the fourth, third, second, and first quartiles of global sustainability.

Table 6. Ranking of universities by quartiles according to the global sustainability index.

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Alcald Barcelona Zaragoza Granada
Aut. Barcelona Oviedo Santiago Compostela Las Palmas G. C.
Aut. Madrid Politécnica Valencia Castilla la Mancha La Laguna

Valencia Jaume I Castellon Rovira i Virgili Illes Balears
Rey Juan Carlos Salamanca Valladolid Jaen

The last question (RQ3: What is the influence of sustainability on university performance?) can
be formally solved through the panel data analysis. Tables 7 and 8 offer the results for the estimation
of the proposed models. As can be seen, global sustainability positively affects the performance
of universities; that is, those universities that have higher sustainability indices also have higher
performance indices. (The use of “size” as a control variable does not change the results, and the size
variable is not significant at the usual significance levels, either for the global index or for the panel of
the three dimensions. This result can be provided upon request.) Sustainability is a tool that enables
stakeholder engagement in decision making and this can have a positive effect in the achievement of
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the objectives, increasing, for example, staff motivation [15]. The results can encourage universities to
engage in sustainability practices, taking into account the positive effect that it can have on achieving
the objectives of the university and in the university performance.

IPerformancejt = aopj + allSustainabilityjt + Ejt

IPerformancejt =po+p1 SIEnvironmentaljt + ﬁZSIEconomicjt + ﬁ?)SISocialjt + Wj + Hijt

Table 7. Panel data regression of performance and sustainability (fixed effects).

Variable Coefficient Std. Error t-Statistic Prob.
ag 2.887730 0.227939 12.66888 0.0000
a1 0.080060 0.020047 3.993535 0.0003

Table 8. Panel data regression of performance and sustainability dimensions (random effects).

Variable Coefficient Std. Error t-Statistic Prob.
Bo 2.276291 0.336430 6.766023 0.0000
B1 0.031979 0.043829 0.729632 0.4687
B2 0.123968 0.043769 2.832338 0.0064
B3 0.242698 0.072617 3.342177 0.0015

In the analysis of the three dimensions of sustainability, the results in Table 8 show that the economic
and the social dimensions are significant and positive, whereas the environmental dimension is not
statistically significant in the performance of the universities. This has a practical implication for the
economic management of universities, indicating that the universities that want to improve academic
performance must also improve economic sustainability. As for the social dimension, the positive
impact evidences that universities that have a social commitment achieve a better performance, which
is logical if we consider that the social role of universities is closely connected with their objectives in
terms of research, teaching, innovation, and transfer of knowledge. To sum up, universities can improve
their performance if they improve social sustainability, which is an important stimulus to universities
to embark on social projects. These results support the conclusions of Lehmann et al. [35] about the
positive effects of the involvement of a university in regional sustainability initiatives: It allows the
university to improve its credibility with a positive impact on students and staff, encouraging them to
be involved in the university projects and objectives.

As robust proof of these results, and in order to highlight the relevance of both the economic and
social dimensions, we test the influence of the environmental dimension on performance. Given that
our first results indicate a strong correlation between the environmental dimension and the global
sustainability index, Table 9 shows the regression estimates of Slgnyironmental jt O Iperformance jt With the
purpose of checking whether the environmental dimension can be a good proxy for the global index.

IPerformancejt =Yoj + VlSIEnvironmentaljt + Tjt

Table 9. Panel data regression of performance and environmental dimensions (fixed effects).

Variable Coefficient Std. Error t-Statistic Prob.
70 3.612911 0.145440 24.84127 0.0000
71 0.060088 0.035987 1.669740 0.1030
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The results suggest that although there is a positive relationship between the environmental
dimension and the performance indicator, this relationship is only significant at the 10.3% significance
level and, therefore, not accepted at the usual significance levels, whereas the results in Table 7 lead
to the conclusion that the economic and the social dimensions significantly and positively affect
performance. These estimates support, on the one hand, the relevance of the social dimension and its
singularity, providing valuable information to the global concept of sustainability and, on the other
hand, the usefulness of the integrated perspective of a global index instead of a single dimension proxy.

Taking into account the relationship between sustainability and performance, universities can be
initially classified into four groups based on the numerical calculation of Isystainability and Iperformance:

G1: Universities in high ranges for both general indicators of performance and sustainability.
These universities also occupy high positions in each individual category of sustainability. This group
includes five institutions (University Autonoma de Barcelona, University of Barcelona, University of
Valencia, University Auténoma de Madrid, and University of Alcala).

G2: Universities in the middle ranges for both general indicators. These universities also occupy
middle positions in each individual category of sustainability. They never occupy the lowest positions
in the individual categories. This group includes six institutions (University of Granada, University of
Oviedo, University of Salamanca, University of Zaragoza, University of Santiago de Compostela, and
University Rovira i Virgili).

G3: Universities in the high/middle ranges for both general indicators but occupying low positions
in one individual category of sustainability, although they may occupy high positions in other categories.
This group includes four institutions (University Rey Juan Carlos, University Jaume I de Castellon,
University of La Laguna, and University Politecnica de Valencia).

G4: The rest of the universities occupying middle/low positions for the general indicators
of performance and sustainability and with low positions in any of the individual categories of
sustainability. They never achieve the highest positions in any of the categories or global indicators
compared with their peers under study. This group includes five institutions (University of Las Palmas
de Gran Canaria, University of Illes Balears, University of Jaen, University of Valladolid, and University
of Castilla La Mancha).

Nevertheless, it is interesting to highlight that our research is based on universities that voluntarily
provided the environmental information (for UIGreenMetric assessment) required for the analysis,
which is undoubtedly a positive thing, and therefore, they cannot be compared with other universities
that did not provide such information.

6. Conclusions

Sustainability has become a fashion in modern economics, and higher education institutions
have joined this trend. Almost all of them have signed the Sustainable Development Goals contained
in the 2030 Agenda for Sustainable Development, a redefinition and expansion of the Millennium
Development Goals (MDGs), which shows that universities are aware of their role needed in order to
reach the targets posed, in spite of some critics having emerged from the literature arguing that there is
more rhetoric than practice in the sustainability discourse.

Sustainability development has been embedded in university policies and strategies, and efforts
are increasing to fight against poverty, achieve gender equality and human rights, as well as to protect
the planet and its natural resources, among others. This has been accompanied with an increasing
interest in measuring and reporting sustainability in universities, aiming at the development of
common models that allow comparisons among entities. However, most of these models have been
developed in order to measure sustainability from an internal perspective.

In the case of higher education institutions in general, and universities in particular, the literature
contains different proposals for assessing the three dimensions from an integrative perspective, and
there is a long list of indicators proposed for this aim [8], but there are not studies that take stock of the
relationship between the three dimensions, perhaps because sometimes it is difficult to differentiate the
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impact that a particular activity may have. Furthermore, there is a gap about the effect that sustainability
efforts may have on the achievements of the objective and performance of the universities.

This paper contributes to the literature about sustainability assessment from an external perspective,
with a practical application for Spanish public universities. Furthermore, it evaluates the effect that
sustainability practices can have on university performance.

The empirical assessment proposed for the case of Spanish Universities, with a sustainability
index that differentiates the three dimensions, is the first step of the analysis and allows to answer our
RQ1 (what is the relationship between the different dimensions of sustainability?). The results indicate
that there is high correlation between economic and environmental actions, while social issues are less
correlated. Therefore, universities with a high score in environmental dimensions also have a high
score in the economic dimension, but entities carry out their social aims and objectives independently
of the efforts in the other two areas. In addition, our results suggest that the economic dimension
causes the environmental dimension and those universities that are economically efficient are more
likely to be environmentally more sustainable. However, the social component provides its own
valuable information about sustainability, given that no significant correlations were detected and no
causality relation was found. That means that some efforts are still necessary to achieve an integrated
perspective of sustainability in universities. In fact, our analysis also evidences a high correlation
between the environmental index and the global sustainability index, which may explain why the
environmental dimension has received preferential attention to date.

The second research question of the paper (RQ2: Are there common patterns for sustainability in
Spanish universities?) was answered using Gephi visualization methods. There are not clear common
patterns for sustainability in Spanish universities, although there are some similarities among them
in some areas, particularly in the economic one. Very few Spanish universities tend to occupy either
high-level positions or low-level positions in all dimensions of sustainability. Although most of them
present a wide range of achievements in sustainability, some university pairs (19.5% of pairs) stay
together in the same cluster in at least two sustainability dimensions out of the three under analysis.
In general terms, universities such as Illes Balears, Salamanca, Zaragoza, Barcelona, and the Auténoma
de Barcelona tend to be closely related to the same neighbors in at least two of the three sustainability
dimensions, whereas other universities, such as Valencia, Politécnica de Valencia or Rey Juan Carlos,
present a more singular behavior. Another important result in the search for patterns is that size does
not seem to be a key issue. Big and small universities may score high either in individual dimensions
or in the global index.

The integration of social, environmental, and economic sustainability into university processes
can be considered a useful instrument for increasing accountability and transparency, and can improve
credibility and have a positive effect on the engagement of stakeholders, leading to improvements
in university performance. That is why the answer to our third research question (RQ3: What is
the influence of sustainability on university performance?) is another significant contribution of the
paper. Using panel data analysis, we can conclude that global sustainability positively affects the
performance of universities; that is, the universities that have higher sustainability indices also have
higher performance indices. Particularly, it has been proved that the impacts of both the economic
and the social dimensions are significant and positive on performance. Therefore, the universities that
have higher economic sustainability are also able to achieve higher levels of performance. As for the
social dimension, the positive impact evidences that universities that have a social commitment could
also achieve a better performance.

In sum, universities that include sustainability practices in their strategic plans can have positive
effects in achieving academic and research performance, as well as in the third mission. These
results could be of interest for university managers and stakeholders and should serve to encourage
universities to develop sustainable practices. This study clearly has a practical implication for the
economic management of universities, indicating that the universities that want to improve academic
and research performance must also improve economic sustainability. This could also be useful for
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policy makers and regulators when evaluating the benefits of regulating environmental and social
practices in universities.

This study is not without its limitations, as it is focused on a limited number of universities due to
the availability of the data. It could be interesting to increase the sample in order to check the robustness
of the results. Furthermore, as the analysis is focused on Spanish Universities, the application of the
assessment and the evaluation of the impact in a different context, such as a different country, could
offer interesting results about the validity of the results in different frameworks and regulation.
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