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Abstract

:

This study analyses how Spanish universities are communicating their commitment to sustainability to society. That entailed analysing the content of their websites and their scientific papers in sustainability science and technologies and measuring the impact of such research in social media. Results obtained from bibliometric approaches and institutional document analysis attest to intensified interest in sustainability among Spanish universities in recent years. The findings revealed an increase in the number of universities using terms associated with sustainability to designate the governing bodies. The present study also uses an activity index to identify universities that devote high effort to research on sustainability and seven Spanish universities were identified with output greater than 3% of the total. Mentions in social media were observed to have grown significantly in the last 10 years, with 38% of the sustainability papers receiving such attention, compared to 21% in 2010. Publications in open access journals have had a greater impact on social media, especially on Twitter and Facebook. The analysis of university websites showed that only 30% had social media accounts and only 6% blogs specifically designed to disseminate their sustainability activities.
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1. Introduction


Universities are powerful influencers in their geographic and cultural surroundings. In 2017, 19.8 million students and 1.5 million professors engaged in higher education in Europe, investment in which amounted to 1.2% of the country’s GDP [1]. Higher education institutions (HEIs) disseminate knowledge and innovation and further development and citizen well-being in their communities. Universities can build students’ skills and heighten their awareness of sustainability by including it as a cross-curricular topic [2]. This privileged role has focused attention on universities’ significant influence in the development and dissemination of sustainability [3,4,5,6,7,8,9,10,11,12]. Reciprocally, sustainability has become increasingly important for HEIs. A growing number of such institutions are embedding sustainability into curricula, research, administration, community involvement and partnerships [13,14,15,16], after having been clearly acknowledged as key actors in the development of sustainable campuses and societies [17,18].



Universities have been assuming international commitments on sustainability for decades [19,20]. The United Nations’ Agenda 2030 [21] and its 17 sustainable development goals (SDGs) establish terms of reference for in-depth exploration of sustainability issues in the near future. The new agenda has also generated considerable expectation around universities’ responsibilities and involvement in compliance with its provisions. These new challenges create a need to align universities’ primary missions and operations with the delivery of education that drives sustainability and removes existing barriers [8,22,23,24,25,26,27]. Such involvement would call on universities the world over to continue to drive sustainable development as they have in recent decades by implementing the respective policies and programmes, along with methodologies for assessing their impact [5,13,24,28,29,30]. Spanish universities have also worked intensively toward sustainability. Already in 2010, Barañano [31] carried out a survey to analyse the commitment and contribution of Spanish universities to sustainable development. The study identified the name and type of administrative units in the universities that were dealing with the issue of sustainability, as well as the initiatives and good practices that were being carried out. Another example is to be found in the Conference of Spanish Vice-Chancellors’ (Spanish acronym: CRUE) Sustainability Commission, which publishes a yearly diagnosis based on 140 indicators of the contribution of 30 Spanish universities to sustainability policies and programmes, along with methodologies for assessing their impact [32]. The aim is to detect the strengths and weaknesses of a series of universities to identify partnering strategies that would enable them to progress jointly and more quickly toward sustainability goals.



One of the conclusions that can be drawn from the literature is that sustainability measures may maintain and heighten the connection between universities and citizens. HEIs may play a significant role in societies’ engagement with sustainability [33,34]. From their position of privilege, universities may alert, inform and involve citizens in their communities and society as a whole in the roll-out of and compliance with sustainability commitments defined on a worldwide scale, such as the recent Agenda 2030. That calls for effective communication with citizens around such activities, however. The influencer role that may be played by universities depends on systematic communication with quantifiable effects.



Sustainability reporting and its assessment could be a powerful strategy to evaluate, inform and manage the economic, social and environmental impact of a university [30]. One of the methods used to reveal universities’ degree of involvement with sustainability is the analysis of the information appearing on their websites. Although such sites do not always accurately mirror universities’ actual sustainability performance, they are a good and speedy source of reliable information on the sustainability indicators that serve for inter-university comparisons. Along these lines Dade and Hassenzahl [35] analysed the websites of 700 HEIs in the United States, whilst Son-Turan and Lambrechts [36] used a similar method to analyse eight public and private universities in Turkey. More recently, Amey et al. [37] reviewed 95 Canadian universities’ use of their websites to inform about sustainability matters.



Analysing the efficacy of Spanish universities’ communication is one of the challenges addressed in the present article.



The primary aim of this study was to determine how Spanish universities are communicating their commitment to sustainability and Agenda 2030 to society. That entailed analysing the content of their websites and their internationally published research in sustainability science and technologies and measuring the impact of such research in social media.



The specific research questions posed were as follows:




	
Have Spanish universities intensified their sustainability commitments in terms of both policy and research?



	
Can new indicators be identified to assess and conduct inter-university comparisons to establish progress in these areas?



	
What strategies do universities deploy to communicate their sustainability-related activities to society?








To answer these questions, the Information Metric’s Studies described in the following section are used as a conceptual and methodological framework.




2. Materials and Methods


Data were collected by searching the following sources for information on the indicators specified:



University websites: Spanish universities’ institutional websites were visited to ascertain whether they contain references to sustainability or Agenda 2030, applying indicators to analyse university initiatives or documents, including: management position titles, governing body structure, publication of reports and action plans, existence of specific pages or channels for communicating sustainability matters.



Scientific papers: As publication is the vehicle used to convey research findings to the academic community, the papers published by Spanish universities and listed in the international multi-disciplinary database Web of Science were analysed to determine how sustainability-related findings are disseminated.



Social media: The impact of Spanish universities’ sustainability output in social media was also analysed by studying mentions of these papers in sources such as Facebook, Twitter, Wikipedia, scientific blogs and YouTube.



University rankings: University rankings such as GreenMetric (2019 edition) were likewise reviewed to determine university presence and position. Participation in a ranking was assumed to form part of institutional policy and an indicator of the image universities wish to portray to society in connection with their commitment to sustainability.



2.1. Sample and Scope of Study


The population for the study comprised the 75 public and private universities in the Spanish university system forming part of the Conference of Spanish Vice-Chancellors (Spanish acronym, CRUE), whose combined enrolment is on the order of one million students (Universidad en cifras, 2019) [38]. The websites of 50 institutions were analysed to ensure comparability with the Barañano survey performed in 2010 in the same population [31] and explore variations in universities’ sustainability-related communication over the last decade. That list of 50 included all the universities participating in the GreenMetric sustainability ranking for 2019 [39]. Therefore, the sample analysed includes the universities with the highest degree of involvement in sustainability, leaving out those smaller or younger universities with less interest in these issues.




2.2. Analytical Method


To analyse how universities communicate their activities on sustainability, the methodologies of the field of information metrics studies have been used as an analytical framework. These disciplines use mathematical and statistical methods to quantify information from different sources and analyse activity patterns [40]. This paper specifically uses webmetric techniques (analysis of web pages to detect relationships, word frequencies, etc), bibliometrics (study of scientific publications) and altmetrics (indicators to measure the impact of research on social media and the Internet).



The selection of this methodology is due to the fact that the predominant model for the production and evaluation of academic knowledge revolves around the dissemination of research results in the form of published articles and patents [41]. Until only a few years ago, scientometrics and bibliometrics provided the tools of choice for analysing scientific productivity and studying the impact of research within the academic community. Although they are consolidated disciplines for studying scientific output and impact, the traditional model of scientific dissemination has been revolutionised by the institution of the Web 2.0 and the furtherance of inter-individual online communication and collaboration. Fora, blogs and social media, such as Facebook and Twitter, that have proven to be so popular among the public at large, have also influenced the members of the scientific community, giving rise to a so-called “academic social network”. The proliferation of informal communication vehicles poses a new challenge for the analysis of scientific activity that calls for new approaches to the issue [42]. One might consist in supplementing traditional scientometric studies with the formulation of altmetric indicators that constitute a measure of public interest in research, development and innovation in a particular area [43].



The study was divided into the four stages (a, b, c and d), described below.



(a) Website Content



To carry out this analysis, the methodology defined by Ott et al. [44] for the analysis of US university websites was taken as a reference. Furthermore, a study on Canadian universities [45] has served as inspiration for specific searches on the websites. To analyse the content of these web pages, terms based on Barañano’s study [31] were defined and complemented with more current keywords obtained by consulting local experts. In this line, a sustainability landing page was defined as one including the terms “sustainable development”, “social responsibility”, “SDG”, “Agenda 2030” or “environment”.



This analysis was conducted in April and May 2020. The presence or absence of a sustainability landing page on university institution’s website was coded. An initial pilot study was performed to gather information on three universities to define and fine-tune the criteria to be used to analyse content. Information related to sustainability was sought using both the search engines on the sites themselves and by manually visualising the pages on and structure of each university’s site. The data collected with the two strategies sufficed to complete and validate the information compiled, although in most cases the manual searches delivered fuller and more reliable information.



Sustainability content was analysed on the grounds of 16 indicators grouped under three headings: (i) sustainability management structure and policy; (ii) location of sustainability content on the website; (iii) sustainability-related communication strategies.



(i) Sustainability management structure and policies. With a view to analysing universities’ degree of commitment to sustainability, five indicators or search criteria were used to identify the presence or otherwise of the following items:




	○

	
deputy vice-chancellorship with a title specifically related to sustainability




	○

	
sustainability management office or unit




	○

	
sustainability report or schedule




	○

	
report devoted specifically to sustainability




	○

	
participation in the 2019 edition of the GreenMetric World Ranking.









(ii) Location of sustainability content on universities’ websites. Eight indicators were applied to detect the positioning of sustainability-related matters in website structure. They covered both the location of the content and the existence of:




	○

	
sustainability content on home page




	○

	
sustainability content in the section on university principles and objectives




	○

	
sustainability content on secondary pages




	○

	
page or sections on sustainable development




	○

	
page or sections on social responsibility




	○

	
page or sections on the environment




	○

	
page or sections on Agenda 2030 and SDG




	○

	
general information on Agenda 2030, even in the absence of pages specifically dealing with the subject.









(iii) Sustainability communication strategies used by the university to connect with the academic community or society were analysed on the grounds of three indicators:




	○

	
use of social media




	○

	
existence of a specific institutional blog on sustainability




	○

	
existence of a news channel carrying information on the university’s sustainability action.









The information gathered was coded as (1) to denote the presence or (0) the absence of data under each indicator. The degree of website overall efficacy in conveying a university’s sustainability measures or policies was assessed by summing the values for all the indicators as a whole. A value of 1 was assigned for every occurrence of the indicator on the site.



(b) Sustainability Governance Structures



A content analysis was conducted of the terms appearing on the websites of the universities studied to identify the titles of the deputy vice-chancellorships or administrative units entrusted with sustainability management. The findings were compared to the titles given this type of administrative unit in the universities included in the Barañano survey [31]. The aim was to identify variations over the last 10 years in the titles of the management positions responsible for sustainability in universities.



(c) Scientific Papers



Analysis focused on the papers listed under the subject category “Green & Sustainable Science & Technology”. According to the definition given in the database itself, “This category covers resources that focus on basic and applied research on green and sustainable science and technology, including green chemistry; green nanotechnology; green building; renewable and green materials; sustainable processing and engineering; sustainable policy, management and development; environmental and agricultural sustainability; renewable and sustainable energy; and innovative technologies that reduce or eliminate damage to health and the environment” (Clarivate Analytics, 2020).



The Web of Science advanced search function was used to retrieve all Spanish papers on sustainability published in 2000–2019, with the following search strategy:



WC = Green & Sustainable Science & Technology AND CU = Spain



All papers in all the Web of Science core collection indexes were collected, with no restriction placed on document type or language to provide for the broadest coverage possible. The full set of Spanish papers was then searched for the ones bearing the signature of at least one Spanish university. All the papers were downloaded and a relational database built from which data on the following indicators were drawn:




	○

	
Number of papers produced by Spanish universities per year




	○

	
university contribution to overall Spanish output




	○

	
output per university




	○

	
journals most used




	○

	
accessibility of output: number of open access papers




	○

	
subject specialisation.









Vosviewer software was deployed to analyse the terms used in the papers to establish the keywords and clusters and thereby define the topics most widely covered.



(d) Social Media



The social impact of scientific papers on sustainability listed in the Web of Science was measured by entering their respective digital object identifiers (DOI) into a script developed by the Carlos III University of Madrid’s Metrics Studies Laboratory. The altmetric indicators were then found with the Altmetric.com tool. The following information was gathered:




	○

	
Number of papers with mentions in social media




	○

	
Number of mentions received by each paper




	○

	
% of mentions in each social media




	○

	
institutions with the most mentions




	○

	
journals with the most mentions









Although the term “social media” refers to a specific type of source, such as Facebook or Twitter, in scientometrics it has been broadened to mean the sources analysed by Altmetric.com. That broader meaning was adopted in this study.





3. Results


The findings relevant to the research aims pursued are discussed below.



3.1. Analysis of University Website Content


Figure 1a–c shows the most prominent overall findings based on the indicators applied to analyse Spanish universities’ websites. The indicators on sustainability management structure and policies revealed that 82% to 88% of the universities had deputy vice-chancellorships and offices dealing with sustainability, environmental or social responsibility management. A similar percentage had an action plan to address these subjects in their management policies and action; 58% of the institutions analysed reported the results in a general or specific report. An even smaller percentage (under 54%) committed to assessment and acknowledgment procedures through participation in a ranking system to disclose the institution’s achievements in this respect. The findings are an indication that Spanish higher education institutions are devoting substantial effort to sustainability and to conveying their commitment to society at large. These results would more than likely be less optimistic if they embraced all the country’s universities, for the study focused on the institutions most deeply committed to sustainability.



Further to the analysis of the position of sustainability-related topics on the website, only 24% of the universities analysed contained a mention on the home page, although those matters appeared in the sections on institutional aims and mission in 50% of the sites. They were relegated to secondary web pages in only 26% of the sample. Social responsibility was the area most frequently assigned a specific web page (52%), followed by sustainability (32%), whereas pages referring to the environment were scarcely found, appearing on only 8% of the sites. Interestingly, not a single Agenda 2030-specific web page was observed on any university’s site, although 60% of the sites carried information on the subject. These data stand as proof that although Spanish universities are making significant strides in this regard, they are still in the process of introducing strategies for communicating new Agenda 2030-related items.



The aforementioned findings are supported by the data gathered on the use of social media to convey sustainability matters. Whilst 92% of the universities have news channels on their websites to disseminate progress in the area, specific social media accounts were found for only 32% and specific blogs for only 6%.




3.2. Sustainability Governance Structures


A comparison of the keywords found in the titles of Spanish university deputy vice-chancellorships in 2020 to the results of a study conducted in 2010 [38] revealed a fairly pronounced change. In 2010, only 26 of the 50 universities studied had a deputy vice-chancellorship with a title related to sustainability, whereas in 2020 such terms were observed in 46.



The analysis was also indicative of a trend in the keywords most frequently used to identify these positions. The terms “sustainability” and “social responsibility” were the most commonly observed in both cases, with the number of universities containing the reference and the frequency of appearance doubling since 2010, whereas the words “campus” and “cooperation” remained flat or declined and the word “environment” disappeared almost altogether in the title of this management body. In contrast, the presence of the term “equality” rose substantially and new terms, such as “healthful” and “diversity” were observed (Figure 2). Those findings attest to Spanish universities’ sensitivity to the inclusion in their management structures of terminology relating to the issues addressed in Agenda 2030 and the 17 new sustainable development goals. As mentioned, the importance of such variations in terminology is not merely aesthetic or institutional image-related, but lies in the changes denoted in the university’s management structure.




3.3. Scientific Papers


In the period analysed (2000–2019), a total of 7161 Spanish papers on sustainability were published in journals listed in the Web of Science database. Output rose steeply in the last 5 years of the series, when three-fourths of the papers were published.



Of that total output, 6084 papers or 85% were authored by universities (Figure 3), for a compound annual growth rate of 32% over the last 20 years. That attests to the pivotal role of higher education in sustainability-related science.



The Spanish institution with the highest output over the country total was the National Research Council (382 papers), a logical result given that the Council has greater than 100 research institutes under its aegis. By individual category, however, universities were the most active. The list was headed by the Technical Universities of Madrid, Valencia and Catalonia. Output in number of papers by university and by percentage of the university total, along with the activity index (AI), are given in Table 1. AI was calculated as the institution’s contribution to sustainability relative to its contribution to all fields. Hence, AI values greater than 1 indicated higher than expected intensity in sustainability. The National Research Council’s output, with AI less than 1, was not intense, whereas a considerable majority of the universities exhibited AI values greater than 1. AI was particularly high for the Universities of Almería, Murcia, Lleida, La Rioja, Cordoba, Jaen and the Technical University of Cartagena, all of which devoted greater effort to research in sustainability than in other subject areas.



An analysis of the journals where papers were published showed sustainability to be the vehicle of choice, accounting for 21% of the total, followed by the Journal of Cleaner Production and Renewable Energy (Table 2). Together, those three journals published nearly half (47.55%) of all the papers analysed.



A total of 33% of all the papers were published under open access arrangements.



Even though all the papers were published in journals listed under the category “Green & Sustainable Science & Technology”, as some were indexed under more than one heading, a significant number of papers was also related to other categories (Figure 4). The categories most frequently observed were associated with generic scientific terms and environmental studies, although energy, engineering and chemistry also accounted for a significant proportion of the total.



Based on the frequency of occurrence of keywords found in the papers, Vosviewer software generated five (colour-coded) clusters that defined the five most prominent fields in “Green & Sustainable Science & Technology” (Figure 5). The green cluster includes energy and more specifically renewable (solar, tidal, wind) energy-related subjects, an area closely aligned with SDG 7. The red cluster includes papers on renewable resources, such as biomass and biodiesel and other energy issues, likewise directly related to SDG 7. The violet cluster covers subjects associated with manufacturing and innovation, identified with keywords, such as companies, innovation, governance and corporate social responsibility, which lie within the scope of SDG 9. The blue cluster focuses on educational and knowledge matters, with particular emphasis on universities, health and tourism (SDGs 4 and 3). The yellow cluster, in turn, addresses responsible consumption, life cycle, carbon footprint and agriculture (SDGs 12, 2 and 13). These five fields comprise the strategic areas researched by Spanish universities, which obviously do not cover the wide spectrum of subjects defined under the 17 Agenda 2030 sustainable development goals.




3.4. Social Media


In all, 93% of the 6084 papers published by Spanish universities had a DOI and 35% of those had mentions in at least one of the sources cited in the Altmetric.com platform. Inasmuch as the dissemination of scientific papers across social media is a recent practice, the indicators obtained refer to the last 10 years only. The number of papers with a DOI rose in that timeframe to include nearly all (Figure 6). The number mentioned in social media also grew, from 21% in 2010 to 38% in 2019. Although 38% may seem like a low rate, it is indicative of the progressive presence of science and research in social media.



Further to the list of all the Altmetric.com sources mentioning Spanish university papers in Table 3, Twitter and Facebook were the two most prominent. The nearly 1700 papers mentioned on Twitter were referenced over 9000 times. The distribution also showed that certain papers were mentioned very frequently. Twitter stands out in the distribution graphed in Figure 7, for a single paper was tweeted 410 times. Although the number of mentions was smaller in other sources, it was significant in the written press, where a single paper received 24 (number of news outlets, and mass media: msm).



Table 4 lists the institutions whose sustainability output received the largest number of mentions in social media. The National Research Council continued to head the list of Spanish institutions, followed by major universities such as the Technical U. of Valencia and the Autonomous U. of Barcelona. The first 15 positions were practically the same as in Table 1 on scientific output, with minor variations in the order. Nonetheless, the position of two universities changed significantly: the University of Alicante, from position 25 to 10, and the Complutense University of Madrid from 21 to 12. These universities have good practices that consist in offering an online course aimed at its researchers on “How to improve scientific dissemination through social media”.



Sustainability, with 30% of its papers mentioned in at least one social media, was the journal most prevalent in those media. It was followed by the Journal of Cleaner Production (17%) and Renewable Sustainable Energy Reviews which, like Chemsuschem, saw 8% of their papers mentioned (Table 5). Those four journals accounted for 64.93% of all mentions.



An intriguing relationship was also identified between open access and impact in social media, for nearly 50% of the open access papers were mentioned in at least one network.





4. Discussion and Conclusions


The findings of this study, which afford detailed information on how Spanish universities communicate their sustainability activities, serve as grounds for answering the research questions posed. The results obtained contribute to the identification of sustainability indicators applicable to universities in different countries and geographical areas. The elaboration of sustainability rankings, such as GrenMetric, usually uses little contrasted information provided by the universities themselves. Therefore, identifying indicators, such as those proposed in this article, would make it possible to obtain objective information to establish reliable comparisons related to the commitment of universities to sustainability.



Like other institutions in Europe and the world in general, Spanish universities have been gradually adopting sustainable practices in terms of both policy and research [45], and raising their scientific output on the subject substantially. Bibliometric studies and institutional document analysis attest to intensified interest in sustainability among Spanish universities in recent years. Some authors [33] find obvious proof of that interest in the growing number of scientific papers and courses on sustainable development as well as in participation in European projects. Although consistently steady, growth took a steep upturn in 2015 after 193 UN member countries approved Agenda 2030 and its 17 SDGs. The present findings are consistent with that trend, for nearly 70% of all the articles analysed were published in the last 5 years. Similar results have been reported [46,47]. Overall, they would appear to indicate that Spanish universities are exhibiting sensitivity to addressing the worldwide challenges defined by the United Nations in their research agendas.



The upward trend in interest in sustainability is likewise consistent with the present findings on the titles of deputy vice-chancellorships or positions entrusted with sustainability management in Spanish universities. A comparison of the titles prevailing in 2020 to those listed in the review by Barañano [31] revealed an increase in the number of universities using terms associated with sustainability to designate these governing bodies. The frequency of terms such as “equality”, “healthful” and “diversity” was also observed to rise, to the detriment of more generic terminologies, such as “environment”, whose presence declined. The findings seem to infer that the appearance of Agenda 2030 is visibly changing the ideas pursued and terminologies used by universities in connection with image and communication as well as research priorities and agendas. Although their institutional websites contain no specific page on Agenda 2030, a significant 60% of Spanish universities furnish information on the issues covered. Those data suggest that Spanish universities are indisputably transitioning toward sustainability. As in other countries’ institutions, however, much ground has yet to be covered before they reach the ultimate goal of holistically integrating all dimensions of sustainability in their management, research and knowledge transfer activities. However, there are universities that are advancing in the development of comprehensive, well-integrated sustainability programs, as shown by Blackburn [43]. In this process (development and practice of sustainability in universities) special attention should be given to students’ environmental education programs in order to develop their engagement with sustainability [36,48,49,50], both within and outside the university context.



The identification of new indicators to assess and compare the situations across universities, in turn, is one of the major challenges to be confronted in the years to come, for it would shed light on the efforts underway at universities to research and advance in terms of the UN’s 17 sustainable development goals [51]. The present study also uses an activity index (AI) to identify universities that devote more effort to research on sustainability than to research as a whole. That indicator, traditionally used in bibliometrics [52] to determine the degree of a university’s specialisation in a given field, is particularly apt here to measure output on sustainability. Seven Spanish universities were identified with output greater than 3% of the total. Although smaller and characterised by lower total scientific output, those institutions exemplify the trend to prioritise subject areas and devote more resources to sustainability-related research.



Both this study and the research conducted by González et al. [47] identified Sustainability and the Journal of Cleaner Production as the publications carrying the largest share of Spanish universities’ research articles on sustainability. This study found that over 37% of the papers analysed appeared in those two publications, which were found to play a significant role in disseminating more general or inter-disciplinary papers on the subject.



The results also provide some insight into which of the sustainable development goals (SDGs) are rousing greatest research interest in Spanish universities. Cluster analysis defined five major subject areas closely related to a number of Agenda 2030 SDGs: 7 (renewable energy), 9 (innovation and governance), 4 (quality education), 3 (health and well-being), 12 (sustainable consumption), 2 (zero hunger) and 13 (climate action). A more precise analysis of the terminology used in the articles might support their association with one or several SDGs for a more systematic determination of the areas of research involved. This study identified very few references to more socially-geared SDGs such as 1 (poverty), 5 (gender equality) and 8 (wealth inequality), or those with a biological dimension, such as 14 (marine diversity) and 15 (terrestrial ecosystems). The inference might be that those areas carry less weight in universities’ research endeavour. While that finding may mirror reality to some extent, this study is also subject to certain obvious limitations in terms of subject analysis, insofar as it attributes greater weight to energy, technology and engineering, areas where Spain’s technical universities (UPV, UPM, PUC) rank highly. Sustainability is a very broad term that covers many and diverse fields of science. Studies in greater depth are consequently in order to seek new bibliometric strategies to more precisely determine the overall research efforts underway at Spanish universities in connection with the SDGs as a whole.



Considering the strategies that universities deploy to communicate their sustainability-related activities to society, it might be noted in that regard that to provide an account of what they do to drive sustainability and respond to social concerns, universities must convey their message to a larger audience uninvolved in academic and scientific circuits. That entails publishing their research findings outside of specialised journals with a very limited readership, i.e., resorting to other communication and dissemination vehicles.



One way to assess interest in sustainability is to review media news [53] in pursuit of a causal relationship between the priority granted some matters and the importance attached by citizens to social issues [54]. A recent study [55] used topic model methodology to show that the written press has been echoing Spanish universities’ sustainability-related activities in recent years. The study identified nine sustainability dimensions or subjects of particular interest to the media and presumably to readers. Nonetheless, newspapers as sources of information on and vehicles for dissemination of scientific knowledge among the public at large have been eclipsed in the last 10 years by the extensive use of the internet as a channel for influencing public opinion [56]. The internet and specifically institutional websites have acquired pre-eminence in minute-by-minute reporting of information in an attempt to respond to citizens’ interests and doubts (as seen recently in connection with COVID-19, a matter closely tracked and extensively addressed on university websites).



The internet has become an important tool for informing about sustainability matters, especially where large audiences are targeted [35]. Corporate websites are among the communication channels most commonly used by the world’s largest companies for such disclosure [57,58,59]. Website communication has now become the primary strategy deployed by organisations to build an institutional reputation and define their brand image [60], an observation extensive to communication on sustainability. Analogously, institutional websites are being used by higher education institutions (HEIs) to share information and engage the campus community in sustainability efforts [35,36,37,44,61,62,63]. Websites can fuel interaction, networking and communication among students, staff, stakeholders and the community [64]. Their significance as a source of data on environmental issues and sustainability is also growing [65].



As noted above, recent research has analysed university websites in several countries [35,36,37,63]. The present study aimed to supplement earlier work by furnishing information on 50 Spanish universities’ websites on the grounds of 15 indicators grouped under three subject headings. The findings showed that 26% of Spanish universities furnish information on sustainability on their home pages and a further 50% on the objectives and mission page. Those percentages are slightly higher than the 67% observed for Canadian universities [37] and considerably higher than found for U.S. institutions 7 years prior [35]. Data on the publication of sustainability plans followed a similar pattern, with 22% for Canadian and 40% for Spanish universities. Those results attest to the growing trend among universities in different countries to use their websites to report progress in sustainability. Although the content on those sites may not necessarily provide a wholly accurate picture of institutional realities, it is nonetheless a window through which to view university performance in that regard.



The present findings on the impact of sustainability research in the media show that it is greater in social media for papers on sustainability published in open access journals than for those appearing in subscription-only journals. That observation is consistent with results reported by other authors [66,67]. Only one of the journals heading the list described here, Sustainability, is an open access publication. The others tend to publish a variable proportion of the papers they carry in open media format (gold or green access). If the ultimate aim is to enhance the visibility of science, universities should view open access not as a recommendation but as an obligation.



Twitter (85%) and Facebook (14%) were recognised here as the social media most actively disseminating sustainability research, as revealed earlier by studies in which Altmetric.com was the source of information [68,69]. Mentions in social media were observed to have grown significantly in the last 10 years, with 38% of the sustainability papers receiving such attention, compared to 21% in 2010. Whilst the former percentage may seem fairly low, it is much higher than observed for areas such as physics or engineering, with figures of no more than 21%. In other fields, such as plant science, the percentages observed stand at around 31% and in communication up to 43%. Some earlier studies analysing the impact of all disciplines in social media reported that the percentage of papers with altmetric indicators normally ranges from 15% to 24%, with social sciences and humanities exhibiting the highest values [70]. Around 21% of the articles on energy savings have been observed to be present in social media [64], a value consistent with earlier data on the overall impact of papers listed in the Web of Science [62].



The present analysis of university websites showed that only 30% had social media accounts and only 6% blogs specifically designed to disseminate their sustainability activities. Such figures differ widely from those observed for Canadian universities [37], 50% to 59% of which had Twitter or Facebook accounts and 12.5% blogs specifically dealing with sustainability. Up to 16% of U.S. universities, in turn, run such specific blogs [44]. A more precise breakdown of the present data revealed that social media impact was greatest in two universities, U. Alicante and Complutense U. of Madrid. The communication and dissemination departments of those two institutions are in all likelihood applying dissemination strategies that may serve as a model for other universities.



By way of summary, Spanish universities have yet to fully address the challenge of adopting social media as effective communication tools and an avenue for furthering sustainable behaviour both in the university community and society at large. That opinion is shared by some authors [71,72]. Universities should naturally prioritise sustainability, but it is also important to convey their achievements to society at large. At the same time, indicators to assess the impact of such communication would prove to be useful in this context. The shared aim is to identify good practice to enable all universities to convey their research findings to society with greater immediacy and agility to drive more effective and rapid change toward sustainability.



Following the results obtained, we propose some recommendations to make communication about the different practices related to sustainability more visible: keep information updated on the institution’s webpage, use precise keywords for effective information retrieval, offer objective information to university rankings, publish in open access journals (or deposit publications in repositories to make them accessible) and have an institutional communication policy that disseminates the main advances in sustainability in the mass-media and social media.



Finally, it is important to mention some limitations. Firstly, the study has focused on the analysis of the information provided by the websites of Spanish universities. We are aware that this is an indirect measurement of the sustainability of the universities and we consider it essential to establish the relationship that exists between sustainability reporting through the websites and real actions. Therefore, it is our intention to identify quantifiable aspects of the real implementation of sustainability in Spanish universities in future studies. We are also aware that the information collected through websites or scientific publications is only a “visible” part of the activity of universities. However, there are also many “invisible” practices related to sustainability that we cannot account for, such as: research projects, training activities, dissemination actions, among others. At the same time, the study of publications related to sustainability is a conceptual cutback that, evidently, leaves out of the analysis those papers published in journals on other subjects. However, in spite of these limitations, this study attempts to propose a methodology that offers an approach to the analysis of formal activities related to sustainability and allows us to take as a case example the situation of Spanish universities but which can also be applied to other contexts.
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Figure 1. Percentage of universities complying with the indicators defined to analyse their websites; (a) Governing bodies specified on website; (b) Position of sustainability content on website; (c) Sustainability-related media shown on website. 
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Figure 2. Variation in the titles of sustainability-related deputy vice-chancellorships and administrative units. 
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Figure 3. Spanish and Spanish university output on sustainability, 2000–2019 (Web of Science 2000–2019). 
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Figure 4. Distribution of output by subject category (>1% papers) (Web of Science 2000–2019). 
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Figure 5. Distribution of output by subject cluster (Web of Science 2000–2019). 
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Figure 6. Number of documents mentioned in social media (Web of Science 2010–2019). 






Figure 6. Number of documents mentioned in social media (Web of Science 2010–2019).



[image: Sustainability 12 08278 g006]







[image: Sustainability 12 08278 g007 550] 





Figure 7. Distribution of social media mentions received by Spanish university papers on sustainability by source. 
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Table 1. “Green & Sustainable Science & Technology” output by university (>50 papers) (Web of Science 2000–2020).
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	Institution
	No Papers
	%
	AI





	National Research Council
	382
	6.28
	0.45



	Technical University of Madrid
	374
	6.15
	2.55



	Technical University of Valencia
	348
	5.72
	2.30



	Technical University of Catalonia
	342
	5.62
	2.01



	Autonomous University of Barcelona
	335
	5.51
	1.06



	University of Seville
	322
	5.29
	1.70



	University of the Basque Country
	308
	5.06
	1.69



	University of Granada
	271
	4.45
	1.26



	University of Zaragoza
	266
	4.37
	1.83



	University of Cordoba
	263
	4.32
	3.53



	University of Santiago de Compostela
	202
	3.32
	1.50



	University of Castille-La Mancha
	198
	3.25
	2.23



	University of Almeria
	187
	3.07
	4.87



	Rovira i Virgili University
	168
	2.76
	1.96



	University of Oviedo
	167
	2.74
	1.46



	University of Jaen
	162
	2.66
	3.48



	University of Barcelona
	159
	2.61
	0.32



	University of Vigo
	158
	2.60
	1.81



	University of Extremadura
	156
	2.56
	2.38



	University of Lleida
	151
	2.48
	4.03



	Complutense University of Madrid
	150
	2.47
	0.49



	University of Valencia
	141
	2.32
	0.57



	University of Corunna
	133
	2.19
	2.06



	Jaume I University
	132
	2.17
	2.37



	University of Alicante
	128
	2.10
	1.54



	University of Cantabria
	108
	1.78
	1.63



	Rey Juan Carlos University
	106
	1.74
	2.04



	Autonomous University of Madrid
	103
	1.69
	0.49



	University of Valladolid
	100
	1.64
	1.24



	University of Malaga
	98
	1.61
	1.01



	University of Huelva
	83
	1.36
	2.92



	Technical University of Cartagena
	83
	1.36
	3.21



	University of La Laguna
	80
	1.31
	0.90



	Pablo de Olavide University
	79
	1.30
	2.31



	University of Salamanca
	78
	1.28
	0.74



	University of Girona
	77
	1.27
	1.20



	Carlos III University of Madrid
	76
	1.25
	0.99



	National Distance University
	74
	1.22
	1.44



	University of La Rioja
	69
	1.13
	3.66



	University of Leon
	69
	1.13
	1.86



	University of Murcia
	68
	1.12
	4.26



	University of Cadiz
	67
	1.10
	1.18



	University of Las Palmas de Gran Canaria
	64
	1.05
	1.57



	University of Alcala
	58
	0.95
	0.82



	Public University of Navarra
	50
	0.82
	1.42
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Table 2. “Green & Sustainable Science & Technology” papers published by journal (>20 papers) (Web of Science 2000–2020).
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	Journal
	No. Papers
	%





	Sustainability
	1286
	21.14



	Journal of Cleaner Production
	995
	16.35



	Renewable Energy
	612
	10.06



	Renewable Sustainable Energy Reviews
	529
	8.69



	Green Chemistry
	336
	5.52



	Chemsuschem
	224
	3.68



	ACS Sustainable Chemistry Engineering
	185
	3.04



	IET Renewable Power Generation
	75
	1.23



	Sustainable Cities and Society
	74
	1.22



	Journal of Industrial Ecology
	66
	1.08



	International Journal of Greenhouse Gas Control
	63
	1.04



	Green Energy and Technology
	55
	0.90



	Agronomy for Sustainable Development
	53
	0.87



	AIP Conference Proceedings
	51
	0.84



	Clean Technologies and Environmental Policy
	51
	0.84



	Environmental Progress Sustainable Energy
	51
	0.84



	Journal of Sustainable Tourism
	51
	0.84



	Journal of Renewable and Sustainable Energy
	48
	0.79



	Energy Procedia
	41
	0.67



	IEEE Transactions on Sustainable Energy
	41
	0.67



	Sustainability Science
	38
	0.62



	Clean Soil Air Water
	32
	0.53



	Proceedings of the 11th ISES EuroSun Conference (2016)
	31
	0.51



	Sustainable Development
	30
	0.49



	Current Opinion in Environmental Sustainability
	29
	0.48



	WIT Transactions on Ecology and the Environment
	29
	0.48



	Agroecology and Sustainable Food Systems
	27
	0.44



	International Conference on Energy Environment: ICEE
	26
	0.43



	International Conference on Concentrating Solar

Power and Chemical Energy Systems: Solarpaces (2016)
	25
	0.41



	International Journal of Sustainable Development and World Ecology
	25
	0.41



	International Journal of Sustainable Transportation
	25
	0.41



	Journal of Renewable Materials
	25
	0.41



	Papers of the 25th European Biomass Conference
	25
	0.41



	Energy for Sustainable Development
	24
	0.39



	International Renewable and Sustainable Energy Conference: IRSEC
	24
	0.39



	International Conference on Concentrating Solar Power and

Chemical Energy Systems: Solarpaces (2017)
	23
	0.38



	International Journal of Sustainability in Higher Education
	23
	0.38



	International Conference on Renewable Energy Research and Applications
	22
	0.36



	Energy Efficiency
	21
	0.35



	Papers of the 23rd European Biomass Conference
	21
	0.35
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Table 3. Distribution of mentions received by Spanish university papers on sustainability.
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	Source
	No. of Papers
	No. of Mentions
	Max Mentions
	%Total Papers





	Facebook
	276
	345
	8
	14



	feeds
	117
	149
	6
	6



	Google+
	31
	34
	3
	2



	forum
	0
	0
	0
	0



	Linkedin
	2
	3
	2
	0



	msm
	152
	465
	24
	8



	peer-review
	37
	37
	1
	2



	pinner
	0
	0
	0
	0



	policies docs.
	146
	165
	4
	7



	qs
	1
	1
	1
	0



	rdts
	8
	9
	2
	0



	rh
	2
	2
	1
	0



	videos
	3
	3
	1
	0



	weibo
	1
	4
	4
	0



	Wikipedia
	44
	58
	8
	2



	Twitter
	1699
	9779
	410
	85.33







Note: since a given paper may be mentioned in more than one source, the sum of the percentages of papers mentioned is greater than 100%.
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Table 4. Distribution of papers on sustainability with social media mentions by institution (>35 papers).
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	Institution
	Records
	%





	National Research Council (CSIC)
	204
	10.24



	Technical University of Valencia (UPV)
	171
	8.58



	Autonomous University of Barcelona
	151
	7.58



	University of the Basque Country
	114
	5.72



	Technical University of Madrid
	111
	5.57



	Technical University of Catalonia
	101
	5.07



	University of Seville
	85
	4.26



	University of Santiago de Compostela
	78
	3.91



	University of Cordoba
	77
	3.86



	University of Alicante
	76
	3.81



	University of Zaragoza
	67
	3.36



	Complutense University of Madrid
	55
	2.76



	University of Granada
	54
	2.71



	University of Barcelona
	53
	2.66



	University of Castille-La Mancha
	50
	2.51



	University of Almeria
	48
	2.41



	Jaume I University
	48
	2.41



	University of Valencia
	46
	2.31



	CSIC UPV Institute of Chemical Technology (ITQ)
	41
	2.06



	Rovira I Virgili University
	40
	2.01



	Basque Foundation for Science
	39
	1.96



	University of Jaen
	38
	1.91



	University of Extremadura
	37
	1.86



	University of Malaga
	37
	1.86



	Rey Juan Carlos University
	37
	1.86



	University of Vigo
	37
	1.86



	University of Oviedo
	37
	1.86
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Table 5. Distribution of papers on sustainability with social media mentions by journal (>10 papers).
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	Journal
	No. Pap
	%





	Sustainability
	602
	30.21



	Journal of Cleaner Production
	341
	17.11



	Renewable Sustainable Energy Reviews
	169
	8.48



	Chemsuschem
	162
	8.13



	Renewable Energy
	113
	5.67



	Green Chemistry
	106
	5.32



	ACS Sustainable Chemistry Engineering
	73
	3.66



	Agronomy for Sustainable Development
	37
	1.86



	Journal of Sustainable Tourism
	31
	1.56



	Current Opinion in Environmental Sustainability
	30
	1.51



	Journal of Renewable and Sustainable Energy
	27
	1.35



	Sustainability Science
	23
	1.15



	Journal of Industrial Ecology
	21
	1.05



	Sustainable Cities and Society
	19
	0.95



	International Journal of Greenhouse Gas Control
	18
	0.90



	Clean Soil Air Water
	15
	0.75



	Nature Sustainability
	15
	0.75



	Agroecology and Sustainable Food Systems
	14
	0.70



	Energy Procedia
	14
	0.70



	Sustainable Development
	14
	0.70



	Energy for Sustainable Development
	12
	0.60



	IET Renewable Power Generation
	12
	0.60
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