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Göran Finnveden is Professor of Environmental Strategic Analysis and Vice-President for Sustainable

Development at KTH Royal Institute of Technology. As Vice-President, he is responsible for the

integration of sustainable development in education, research, and collaboration across the whole

university. He is also a member of KTH’s management council. His main research interest is

in the use and development of lifecycle assessment and other sustainability assessment tools.

His contributions include both methodology development and case studies. He also works with

environmental policy and futures studies for sustainable development. Application areas include

buildings, energy, ICT, transportation, urban development, and waste management. He is a member

of the editorial boards of seven scientific journals and the board of the International Sustainable

Campus Network.

Leendert Verhoef is Program Lead Living Labs at AMS Institute and Partner in New-Energy-Works.

He is strongly motivated when it comes to bridging the gap between science and society by

implementation and transdisciplinary and transformative approaches. Over his career, he has

developed multidisciplinary system integration and circular economy programs and living lab

frameworks, integrating mobility, sustainable energy, buildings, and other sustainability issues.

He has worked with municipalities in national and international projects, conducted seminars and

training sessions, and published about these in books, including “SunCities—Reflections”, “Our

Car as Power Plant”, and “Campus as Living Lab” for sustainability. In addition to this, he has

started several companies and broadly advised in the field of sustainability, innovation, and strategic

marketing, helping start-ups, multinationals, local governments, and international institutes such

as European Commission and the World Bank. He serves in the advisory boards of the German

Network of Sustainable universities (HOCH-N) and the International Sustainable Campus Network,

where he leads in city–university partnerships and Living Lab approach development.

Julie Newman joined MIT as the Institute’s first Director of Sustainability in the summer of 2013.

She has worked in the field of sustainable development and campus sustainability for twenty years.

Her research has focused on the intersection between decision-making processes and organizational

behavior in institutionalizing sustainability into higher education. In 2004, Julie was recruited to

be the founding Director of the Office of Sustainability for Yale University. At Yale, Julie held a

lecturer appointment with the Yale School of Forestry and Environmental Studies. Julie lectures and

consults for universities both nationally and internationally, participating on a variety of boards and

advisory committees, and has contributed to a series of edited books and peer-reviewed journals.

Julie holds a BS in Natural Resource Policy and Management from the University of Michigan, an MS

in Environmental Policy and Biology from Tufts University, and a Ph.D. in Natural Resources and

Environmental Studies from the University of New Hampshire.

vii





Preface to ”Sustainable Development and Higher

Education Institutions”

This volume includes papers from the Special Issue on Sustainable Development and Higher

Education Institutions: Acting with a Purpose. This includes papers presented at the 2018 annual

conference of the International Sustainable Campus Network (ISCN) at KTH, together with additional

contributions. We would like to thank all authors, reviewers, and editors involved in this Special

Issue. Thanks also to all participants at the conference, the members and secretariat of the ISCN, and

local organizers at KTH.
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Higher Education Institutions (HEIs) have a unique role and responsibility for the future and
for driving the development of a sustainable society. HEIs are charged with the task of fostering
sustainability in the leaders of tomorrow, developing solutions and methods to address a sustainable
future, and ensuring that we contribute knowledge to society. HEIs must also ensure that our everyday
operations and practices are consistent with a sustainable future and that we work to holistically
integrate sustainability into both the mission of a university and our daily tasks.

This Special Issue builds on papers presented during the 2018 International Sustainable Campus
Network Conference [1] and also includes other contributions. The articles reflect the many aspects
of Sustainability in Higher Education Institutions and illustrate innovation in approach, outcomes,
and impact. From a geographical point of view, the papers originate from twelve different countries
across four continents. The papers cover a range of perspectives on sustainability both on and around
campuses. These include organization and management issues, networking and city partnerships
themes, and metrics and indicators related to Sustainable Development Goals. The Special Issue
also includes papers on education, student involvement, and gender issues. Select articles include
results from surveys and desktop research; others depict approaches on experimentation, living labs,
and action research.

The implementation and expansion of sustainability requires an openness to new ways of
operating and new ways of partnering. These new ways are conducted on campus, in networks
among universities, within relations between the city and the university, and in challenges within
cities themselves [2–4]. Bracco et al. [5] write about organising in Living Labs on a campus in
Genoa. They describe promising achievements on energy (self-)generation and waste collection as
well as recycling. Networking and cross-university learning is important to overcome the numerous,
significant challenges. Kahle et al. [6] provide a systematic study of networks, including the open
national German Network of Higher Education Institutions for Sustainability (HOCH-N) and the
smaller international University Alliance for Sustainability (UAS). Whitycombe Keeler et al. [7] describe
a study of city–university partnerships in four countries, developing key contextual factors that may
determine the effects of a city–university partnership: interest, individual competences, collective
competences, and actions. Fuso Nerini et al. [8] examined how cities can contribute to decarbonising
societies and what role research and innovation institutions can play, showing the complicated and
large challenges in cities. They emphasize that innovation is required in technology, governance,
and on a social level. Leveraging our campuses as living labs is an approach that could tackle these
issues simultaneously.

Sustainability 2019, 11, 3831; doi:10.3390/su11143831 www.mdpi.com/journal/sustainability1
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Organizational transformation for sustainability is complex. As demonstrated in this Special
Issue, to transform an institution of higher education requires a commitment to consider the role of
course offerings, research, and operational impacts. The articles in this Issue capture and relay this
challenge via case examples and in-depth analysis of universities around the globe. What emerge from
these papers are the common points of entry, challenges, and opportunities, regardless of one’s location
in the world. Akins et al. [9] seek to understand the barriers examining Kennesaw State University as a
case example. Their observations are shaped and grounded in a literature review that seeks to provide
a series of lessons learned and categorization that may be shared with institutions in a similar stage of
organizational transformation for sustainability. Similarly, Oyama et al. [10] articulate a methodology
by which to assess a campus-wide approach to sustainability via an in-depth analysis of sustainability
courses, research, campus operational commitments, and land holdings. They also outline overall
obstacles and barriers to implementation that mimic those seen in Kennesaw State University; however,
the institutional context is quite different. One of the Sustainable Development Goals (SDGs) concerns
Gender Equality. Hansman and Schröte [11] describe how mid-career scientists evaluate the impact of
gender and age on their career possibilities.

At the case-specific level, Dehghanmongabadi et al. [12] outlines the challenges of transportation
demanded management at Eastern Mediterranena University. Their case example is insightful for
universities that are seeking to develop comprehensive transportation systems on university campuses
in a move away from expanded parking. Another type of travel that universities are seeking to model
and develop a more in-depth understanding of is air travel, specifically, its relationship to greenhouse
gas emissions. Given the global nature of faculty research and the student body, universities are more
readily grappling with these implications. Ciers et al. [13] provide insight into how École Polytechnique
Fédérale de Lausanne (EPFL) is measuring and accounting for these Scope 3 emissions. This will
provide insight for universities around the world grappling with the same challenge. Hopff et al. [14]
bring forth an emergent model for HEIs grounded in the principles of a circular economy. The case
looks at Dutch universities and explores how the principles of a circular economy may manifest within
a university campus. Uehara and Ynacay-Nye [15] looked into the willingness to pay to use water
bottle refill stations at a Japanese university. Hugo et al. [16] used an action research method focussed
on community participation to develop their university in Ecuador. The goal was to integrate the main
university campus within a framework which guarantees sustainability and allows innovation in the
living lab.

Transforming our world, which is the name of the 2030 Agenda for sustainable development, may
require also a change in education practises. Troft et al. [17] describe experiences with participatory
action research for undergraduates. In many ways, Brugmann et al. [18] is a unique paper because it
describes an undergraduate project written mainly by students. It describes inventories of courses
and other university activities based on key words. This also addresses the important aspect of
monitoring and measuring, which may be necessary for transforming universities. Körfgen et al. [19]
have also developed lists of key words for mapping universities research on the global sustainable
development goals. This could possibly be integrated into the sustainability assessment tools of higher
education institutions reviewed by Findler et al. [20], which concluded that there is a need for further
development of these tools. Finally, the essay by Sonetti et al. [21] discusses the context in which
universities can collaborate and contribute to triggering sustainability values, attitudes, and behavior
within future regenerative societies.

Universities worldwide seek and provide common frameworks for understanding, applying,
evaluating, and advancing the principles of sustainable development on campuses today. The papers
in this Special Issue provide an overview of many of the aspects that higher education institutions are
working with while promoting sustainable development. The value proposition of integrating these
principles into institutions of higher education is clear as they will be tied to the educational outcomes
of their graduates.
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Sustainable Districts
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Abstract: The article is focused on the “demonstration” activities carried out by the University of
Genoa at Savona Campus facilities in order to implement the “Living Lab Smart City”. The idea is
to transform the Savona Campus in a Living Lab of the City of the Future: smart technologies in
Information and Communication Technology (ICT) and energy sectors were installed in order to show
a real application of the Smart City concept to population and external stakeholders. Moreover, special
attention was given to the environment, personal wellbeing, and social equalities. The sustainable
energy Research Infrastructures (RIs) of Savona Campus allowed enhancement of the applied research
in degree programs and the collaboration with several companies. In particular, an important
partnership with the Italian electric Distribution System Operator (DSO), ENEL S.p.A., started in 2017
to test the capability of these RIs to operate disconnected from the National Grid, relying only on the
supply of renewables and storage systems. The “Living Lab Smart City” is an important action to
reduce the carbon footprint of the Savona Campus and to increase the awareness of students, teachers
and researchers towards Sustainable Development in Higher Education Institutes.

Keywords: smart city; living lab; sustainability; sustainable energy; sustainable environment; wellbeing

1. Introduction

During the last two decades, many cities around the world started to improve their urban
infrastructures and services by resorting to the opportunities offered by state-of-the-art innovative
technologies and according to the “sustainability” paradigm in order to offer higher life quality
conditions to their citizens [1–5]. These efforts have been generally focused both on specific
redevelopment operations on underused or decaying suburban areas and on the redesign of city
centers from a traditional urban core, very often overcrowded, to a more environmentally sustainable
and comfortable space, where the public community can work and spend free time, even experiencing
a healthy lifestyle. This is the concept of the new sustainable smart cities [6–9], intended as urban spaces
highly permeated by the contribution of a citizen and society oriented technology [10]. The so called
“smartization process” includes interventions on different sectors of everyday life, based on a wide
application of Information and Communication Technology (ICT) to both monitoring how the city is
evolving and to connect, protect and enhance the lives of citizens [6,11,12]. Consequently, IoT (Internet
of Things) sensors, video cameras, social media, and smart devices act as an urban nervous system,
providing a constant information to local institutions and to the community. In particular, they allow,
at any time, to manage, optimize and control all the urban activities according to people need [13–15].

Smart cities today stand for a multidisciplinary subject of interest with several sectors
of development, namely energy [16], intelligent buildings, mobility, environment, low-impact
infrastructures, participated governance, education, healthcare and wellbeing, and sustainable tourism.

Sustainability 2018, 10, 4636; doi:10.3390/su10124636 www.mdpi.com/journal/sustainability5
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As a result, these intelligent and sustainable urban areas have been studied not only by scholars in
architecture and urban planning, but also by other disciplines, such as the social sciences (economy,
geography), and the technical ones (computer science, electrical and civil engineering) [17,18].

It should be noticed that universities can play an active role in facilitating the deployment at a wide
scale of the smart city concept, strictly cooperating with government and local institutions [19–21].
Academic players, indeed, can address innovation projects to the real experimentation at the campus
level of smart city “pilots” in order to show “open-air” innovative technologies and increase the
public awareness about the topic [20]. Following this path, university campuses can become Living
Labs [22–24], open-innovation environments typically characterized by private—public partnerships
(research institutions, industry, SMEs) aimed at implementing and demonstrating new services,
products and systems for urban applications [24]. In this context, the University of Genoa (UNIGE),
Italy, recognizes, in its Charter, sustainability as one of the main pillars for its future evolution, in strict
connection with the development lines of the surrounding territory (Liguria Region, the North West
Italian district), such as tourism, green & blue economies, hi-tech/hi-skills industries and health,
wellbeing & sport activities. In particular, UNIGE is strongly committed in following an innovation
path towards the paradigms of “Zero Emission Campus” and “Smart City Living Lab” at its premises
located in the city of Savona (about 45 km from Genoa) [21,25–27]. UNIGE idea is to make the Savona
Campus a model of sustainable district for local society and institutions through the real demonstration
of the best available technologies in the environmental, energy and wellbeing sectors.

The present paper describes the projects and activities conceived by the University of Genoa with
the specific intention to transform the Savona Campus into a demo site of a sustainable smart urban
district, namely the “Living Lab Smart City”, characterized by the most relevant city features, such as
residences, offices, green/recreational areas, food service, and educational activities.

It is important to underline that planning and implementing a smart city is not simple because
cities are made up of multitudes of individuals and entities that are difficult to coordinate. However,
this process inside Savona Campus has been carried out with the active involvement and empowerment
of all the Campus community components (students, faculty, and employees).

This article is organized as follows. Section 2 gives an overview about the Campus, while Section 3
describes the material and methods used to implement the “Living Lab Smart City” in different sectors.
The performance evaluation metrics and the results of the projects are described in Section 4. Finally,
Section 5 presents our discussion and conclusions.

2. Savona Campus Overview

From 1930 to 1990, the whole area, of about 55,000 sqm (Figure 1), hosted a military compound of
the Italian Army. The barracks were delimited by a high wall, still present outside the current university
campus. Afterwards, in the 1990s, an urban regeneration accommodated the University facilities into
the pre-existing seventeen buildings. Nowadays, more than 2000 students attend here both B.Sc./M.Sc.
programs and professional masters in Engineering (environment and energy sectors), Health & Sport
Sciences, Nursing, Media Sciences, and Sustainable Tourism. About 185 persons (15 employees and
170 academics) are part of the University staff located inside the Savona Campus. Moreover, the area
includes 15 SMEs (Small and Medium Enterprises) with about 130 workers. Many services for
both students and workers are present as well: a library, a cafeteria, a canteen, study halls, sports
facilities, green areas and student accommodations. Therefore, the Campus can be compared to a small
city district since the most relevant city features are represented. For this reason, the University
of Genoa decided to focus the research inside Savona Campus on Sustainability and Smart City
topics in order to create a “Sustainable and Innovative Campus” able to increase the private and
public awareness about the aforementioned themes. Great efforts were made to enhance green areas,
increase sustainable mobility, and implement a waste-recycling program. Since 2011, an innovation
project, named “Energia 2020” [21,26,28], allowed to create two important Research Infrastructures
(RIs) integrating renewable energy sources and system automation in order to reduce the carbon
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footprint and to create a high-comfort environment for the Campus: the “Smart Polygeneration
Microgrid” (SPM) and the “Smart Energy Building” (SEB) [21,28,29]. These RIs allowed, in 2017,
to start a collaboration with a multinational energy company, Enel S.p.A. This brought to the creation
of an “Open Innovation Lab” aimed to test the Smart City technologies in ICT and energy sectors [21].
Moreover, UNIGE is developing projects and programs related to sport in order to improve health and
wellbeing of students and Campus users. In particular, a cooperation with Savona Municipality was
put in place to design and create a National Sport Hub for sea and water activities.

The many actions developed on sustainability and smart city topics at Savona Campus, allowed
to join, in 2016 and 2017, two important global networks about “Sustainable University Campuses”.
The first is the International Sustainable Campus Network (ISCN), a non-profit association of globally
leading colleges and universities working together to holistically integrate sustainability into campus
operations, research and teaching [30]. The second is the UI Greenmetric, a university ranking platform
established with the aim to evaluate and rank universities all over the world according to their current
condition and policies related to green campus and sustainability activities [31].

 
Figure 1. Satellite map of Savona Campus area from Google Earth 2018 (Google Earth V 7.3.2.5491.
(23 July 2018). Savona Campus—University of Genoa, Savona, Italy. 44◦17′54′ ′ N, 8◦27′01′ ′ E, Eye Alt
215 m. Available online: https://earth.google.com/web/). The yellow line represents the Campus wall.

3. Materials and Methods

In the recent years, the research of the University of Genoa inside Savona Campus has been
devoted to engineering topics such as sustainable energy & environment, smart buildings and electric
mobility. Recently, health and sport sciences studies on wellbeing and healthy ageing have been
developed as well, making the Campus an example of a healthy and innovative district inside the city
of Savona.

In this context, it is worth mentioning the “Energia 2020” project of the University of Genoa,
an important Research and Development (R&D) project related to the concepts of Sustainable Energy
and Smart City [21,26,28]. The project, designed in 2011 and developed thanks to public financing,
planned to install within the Savona Campus innovative energy systems aimed at both reducing
operating costs and CO2 emissions. Additionally, particular attention has been paid to create
a comfortable environment for the Campus users. Energia 2020 consists of three different actions:
(i) Smart Polygeneration Microgrid (acronym: SPM); (ii) Smart Energy Building (acronym: SEB);
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(iii) Energy Efficiency Measures (acronym: EEM). The SPM, an “intelligent” and sustainable microgrid
providing electricity and thermal energy to the Campus [21,26], started to operate in 2014. In 2017 both
the SEB and the EEM were implemented; the first is an “intelligent” and active ZEB (Zero Emission
Building) interacting in real-time with the Energy Management System of the SPM, while the second
deals with a series of actions aimed at reducing the consumptions and the energy dispersions at
the building level. These three interventions contributed to start, at the end of 2017, an important
collaboration with the Italian electric Distribution System Operator (DSO), Enel S.p.A. The purpose of
this public-industrial partnership is to develop research projects in the fields of sustainable energy,
smart mobility and islanded microgrids. For that reason, the “Living Lab Microgrid” national
laboratory was created [21].

Over the last three years, health & wellbeing topics are strengthening inside Savona Campus.
From an educational point of view, one B.Sc. in Sport and Health Sciences and one Master’s of
Rehabilitation of Musculoskeletal Disorders are present. These programs benefit from several sport
infrastructures within the Campus to practice what taught during the lessons. In particular, inside
the area of the Campus it is possible to train specific sports as tennis and football or to practice
a total-body training inside a smart Gym (U-Gym) or outdoors over a 1 km open-air fitness trail,
named U-Trail. U-Gym and U-Trail were specifically designed to be used for individual wellbeing of
students, university staff and personnel of the SMEs located inside the Campus, but also as Sport and
Health Laboratories to performance studies on sport and rehabilitation programs.

Figure 2 shows some photos of the Savona Campus about green areas, renewable energy
technology and outdoor sport infrastructures.

 

 

(a) 

 
(b)  

Figure 2. The figure shows some photos of Savona Campus: (a) the garden near the canteen and
students accommodations; (b) the photovoltaic plant and the solar thermal collectors above the Smart
Energy Building; (c) part of U-trail, a 1 km outdoor fitness trail, with one training station at the top
right of the photo.

The following sub-sections describe in detail the Smart City sectors developed inside the
“Living Lab Smart City” of Savona Campus. Moreover, Table 1 summarizes all the achievements
obtained inside Savona Campus in the main Smart city sectors.
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Table 1. Smart City achievements of Savona Campus—University of Genoa.

Smart City Sector Achievements of Savona Campus

Sustainable Energy
• Creation of a Smart Microgrid managed by an Energy Management System
• Energy production from renewable sources and cogenerating units
• Energy-efficiency interventions in public buildings

Smart Mobility
• 4 charging stations (2 Grid to Vehicle and 2 Vehicle to Grid)
• 4 electric vehicles (2 bikes and 2 cars)
• 73 bike parking lots

Smart Buildings
• Construction of a Smart Energy Building managed by a Building

Management System
• Automatic light and presence sensor systems in all the buildings

Sustainable Environment

• Improvement of green areas and biodiversity
• Vertical hydroponic garden
• Smart garden irrigation system
• Rainwater collection
• Improvement of waste collection

Health, Wellbeing and
Social Integration

• Creation of a technological gym with some instruments able to
produce electricity

• Creation of an outdoor fitness trail
• Projects, at the design phase, to enhance the actual football field and to

create a National Sport Hub for sea and water activities
• Planning for special programs for the sport training of disabled people

3.1. Sustainable Energy

The need for a more efficient, reliable and sustainable energy production inside the Savona
Campus paved the way for the design of a smart microgrid. Smart Grids are modern “active”
grids designed to gather and exchange both information and energy. Among Smart Grid solutions,
Microgrids are considered to be ones of the most interesting applications of this concept. They can
be defined as localized aggregations of generating units (from renewable or traditional sources),
loads as well as storage systems (electrical and thermal) related to a restricted area. The aforesaid
infrastructures need to be daily managed by a so called EMS (Energy Management System) that
usually aims at minimizing operating costs and/or emissions, also considering the possibility to
apply demand response strategies [32,33]. In this context, the SPM pilot project has been developed
by the University of Genoa with the purpose to efficiently and economically manage the energy
produced and distributed within the Campus, optimizing the contributions coming from renewable
sources and thus reducing the pollutants emissions [25–27]. The SPM is composed of an electrical and
a thermal grid, both managed by a central brain, the Energy Management System (EMS), in charge of
real-time checking the functional status of all the grid’s elements and informing in case of problems or
breakdowns [34]. The EMS allows also to forecast the energy consumptions to optimally schedule the
operation of dispatchable sources, also planning the exchange with the public grid, with the goal of
minimizing operational costs and reducing carbon dioxide emissions [28].

The main energy components of the SPM are: two photovoltaic plants (PV), three solar
thermodynamics dishes, two cogenerating micro-turbines, two gas boilers, two absorption chillers and
one electrochemical storage system. Furthermore, an additional PV plant, two solar thermal collectors
and a geothermal heat pump are present in the new Smart Energy Building of the Campus.

Most of the electricity needs of the Savona Campus are satisfied by the generation from both solar
power and cogenerating micro-turbines fed by natural gas. These high efficiency cogeneration units
allow to exploit the primary energy to produce simultaneously two types of energy: electrical energy,
injected into the distribution grid, and thermal energy, used to integrate the boilers’ production during
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coldest months and as feeding source for the absorption chillers (in order to produce cooling energy)
during warmer months. It is important to underline that the electrical energy generated by PV fields
can be stored inside the electrical storage system, under the supervision of the EMS developed by the
University of Genoa. The following table (Table 2) summarizes the sizes of the plants present inside
the Savona Campus.

Table 2. Size of the energy production plants inside Savona Campus.

Energy Production/Storage Installed Power/Storage Capacity

Electricity 120 kW (PV plants)
130 kW (Cogeneration units)

Thermal energy

900 kW (Boilers)
224 kW (Thermal power – cogeneration units)
220 kW (Cooling power– absorption chillers)
45 kW (Geothermal heat pump)
2 kW (Solar Thermal collectors)

Electrical storage 140 kWh

Due to the EEM project, the Campus end-user consumptions and the energy dispersions at the
building level have been reduced. In particular, new window fixtures have been installed the air
conditioning system has been improved and led lamps have been included in both the internal and
external light systems.

3.2. Smart Mobility

UNIGE owns two electric bikes and two Li-ion batteries cars, whose technology guarantee a long
life cycle, high performances, high efficiency, and no toxic components. The benefits given from the
usage of electric vehicles are first of all environmental: indeed, there is no emission of local atmospheric
pollutants and no acoustic noise.

Electric vehicles can be recharged inside the Campus since four charging stations, connected
to an E-car Operation Center platform, are present. Two of them allow the Grid to Vehicle (G2V)
technology, while the other two are also Vehicle to Grid (V2G). The latter, installed in 2017, use the
batteries of the electric cars as support storages to the electric grid. Indeed, V2G is a technology that
allows a full integration of electric vehicles into the electricity grid and a more efficient management of
renewable energy. Through a V2G station, drivers can charge their batteries during off-pick periods
(low demand), with the option to use the energy stored in the vehicles’ batteries at home/office or even
feed back to the grid during peak hours, when the costs are higher, becoming therefore “prosumers”
(producer and consumer).

Another type of zero emission vehicle enhanced inside the Campus is the bike. Nowadays, about
73 bike parking lots are available for free inside the area; moreover, bicycles are available, upon request,
for students staying at the Campus accommodations.

3.3. Smart Buildings

Several technological and smart devices are present within the buildings of Savona Campus
in order to improve both safety and life quality of students and workers. Some examples are
automatic lights, presence sensor systems, video surveillance system and automatic door sensor
system to enter into the Library. Moreover, the entrance into the U-Gym is guaranteed by using
a RFID (Radio Frequency Identification) bracelet or a specific smartphone app (Virtual Badge) and the
environmental comfort inside the Smart Energy Building has been increased thanks to a controlled
mechanical ventilation system.

In 2017, the SEB was built to be an innovative and high performance smart construction to meet
goals of zero carbon emissions, energy and water efficiency, and automation [25–27]. It acts as the
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first smart city urban infrastructure in Italy as it is directly connected to the SPM. This connection,
guaranteed by the BMS (Building Management System) of the SEB and the EMS of the SPM, allows
the SEB to be an “Energy Prosumer” able to produce energy (thermal and electrical) for its own and,
in case of need, to recall it from the SPM. Moreover, the BMS can optimally manage the electrical and
thermal performances of the SEB, but also the led lamps intensity, the indoor temperature, the building
blinds and the water consumptions.

The building has two floors covering a total area of 1000 m2. The heating and the air-conditioning
are provided only by a geothermal heat pump and solar thermal collectors, while the electricity is
supplied by the photovoltaic panels mounted on its roof and by SPM storage batteries. In addition,
the energy efficiency performance of the SEB are improved thanks to the high performance thermal
insulation materials (cladding and ventilated facades) of the external walls and the low consumption
led lamps.

3.4. Sustainable Environment

Environmental protection is one of the main pillars of sustainability. The technological development
should protect ecosystems, air quality, and sustainability of natural resources. Following this direction,
it becomes very important to enhance the surrounding environment to make it clean and livable.
For this reason, UNIGE decided to improve the green areas of Savona Campus, obtaining a covering of
about the 23% of the global area. The biodiversity is preserved since different trees species can be found:
pine, palm, olive, cedar, and plane trees. In addition, a vertical hydroponic garden, fed only by water,
is present inside the SEB. Lawns and gardens inside Savona Campus are irrigated by a smart irrigation
system which runs automatically but can be optimally managed by the use of a web application
also available on smartphones. The web application allows to monitor the garden irrigation status,
to set different irrigation programs, to detect problems in the system, to see the irrigation schedule in
a selected period, and to generate reports about the use of water. Moreover, the gardens near the SEB
are irrigated by the use of recycled rain water. The water collected from the roof, conveniently filtered,
is stored inside an underground 5000 liters storage tank and it is used, in case of need, for garden
irrigation and toilet flushing. This system allows to have both economic and environmental benefits.
Other examples of water saving technologies are the dual-flush toilets and low flow taps and showers
in the buildings.

Great efforts were also made in relation to urban waste and recycling. The Savona Campus wants
to raise awareness on the issue of urban waste and to be a model of environmental impact reduction
for population and institutional stakeholders (e.g., municipalities) in the surrounding area. For this
reason, appropriate waste containers were located into all the buildings and in the main external
areas. It is possible to recycle paper and cardboard, plastic, glass, cans, organic waste, used electrical
batteries, toners and cartridges, and also street sweepings. All the waste fractions, including the street
sweepings, are collected and sent to different treatment plants.

3.5. Health, Wellbeing, and Social Integration

Many more people today are living healthier lives than in the past decade. Nevertheless, the economic
growth and high workloads can often cause health diseases and psychological disorders [35].
A possible way to increase the personal wellbeing is to practice regular sport. Sport activities, together
with technological innovation, can facilitate a transition to a world of reduced environmental stress
and enhanced human wellbeing. For these reasons, the University of Genoa decided to invest some of
its funds, not only in the energy and environment sectors, but also in the sport one, improving and
creating new facilities inside the Savona Campus following the smart city concept.

From 2017, the Smart Energy Building hosts a digital and technological Sport Science Lab,
named U-Gym, available for students and Campus workers. It is a cutting-edge gym with particular
equipment for indoor training with LCD displays for the interaction with a virtual coach by the use
of a Cloud platform. Each sport equipment allows the user to access a personal account in which
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historical training program results, favorite websites, and social networks are present. Moreover,
some of these instruments (bikes, tapis roulant, and elliptical machines) are able to produce electricity
thanks to the “human movement”; this energy is injected into the Smart Energy Building and used
inside offices, laboratories and also into the gym. The access to U-Gym is automatically controlled
by a virtual gap: the door can be opened by the use of a special bracelet (the same used for sport
equipment) or by using Android or iOS Apps.

In 2018, a 1 km fitness trail, named U-Trail, was created. The path includes three different workout
stations for a total body outdoor training. The exercise options can be learned on a smartphone App
available both on IOS and Android platforms.

In the near future, two other projects will be put in place. The first one, U-Field, is devoted to
roof the existing football field to create an indoor multi-purpose field to train football, volleyball and
basketball. The second is aimed to establish, in collaboration with Savona Municipality, a National
Sport Hub for sea and water activities (e.g., open water swimming, surf, rowing, sailing, stand up
paddle, beach volley, beach soccer) on the beach in front of the Campus (about 800 m far from the
University). This water sport center could be used by the Campus population (students and workers)
but also by the Olympic athletes for their training.

Finally, special attention was given to the generation of a comfortable environment for people with
disabilities. In particular, wheelchairs ramps were built outside the buildings and suitable lifts were
inserted inside. Moreover, a recent project, named “Sportability”, planned special programs for the
sport training of disabled people (also for Paralympic athletes) by the use of Savona Campus facilities.

4. Results

The “Living Lab Smart City” of Savona Campus allowed to implement several projects in different
smart city sectors such as energy, smart buildings, sustainable mobility, and wellbeing. These activities
produced many benefits both from educational and government/industrial perspectives. All the
developed infrastructures and facilities helped the University to fill the gap between theoretical lessons
and the real world applications, allowing the students both to make an experience of applicative
research during their degree programs and to have a direct insight of what explained during the lessons.

The following sub-sections are related to the results obtained, respectively, in the energy sector,
in the waste management area and about the health and sport facilities use.

4.1. Energia 2020 Project’s Results

The Energia 2020 actions, that is the SPM, the SEB, and the EEM, allowed to reduce, in 2017,
the energy bill (electricity and thermal energy) of the Campus of about the 30% (81,000 € saved
in one year). Moreover, different companies are developing Research and Development (R&D)
activities in collaboration with the University researchers with the goal of creating innovative hardware
and software products for smart microgrids and smart buildings. In particular, the “Living Lab
Microgrid” has been conceived by the University of Genoa, in collaboration with the Italian DSO,
Enel S.p.A, to develop research projects in the fields of sustainable energy, smart mobility, and islanded
microgrids (electrical networks which are able to work only by the use of renewable sources and
storage systems, without being connected to the national grid). Enel S.p.A. works together with
Savona Campus researchers on SPM and SEB infrastructures to test smart city technologies in order
to create a springboard for their development and widespread implementation. Moreover, research
activities focused on innovative technical solutions for the residential sector will be also build up, in the
domain of smart electrical homes/ appliances and devices related to the Internet of Things. The results
derived from the Living Lab Microgrid will be used to develop guidelines for the implementation
of the smart city concept in urban areas; besides, the Savona Campus will become a demo site
where the technologies of the smart city will be available to the community. The sustainable energy
research team operating at the Campus is heavily committed in sharing results, field experiences,
techniques and strategies with researchers operating in energy and sustainability topics around the
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world, through bilateral cooperation, framework agreements between Universities, participation in
European projects, etc. This because the University firmly believes that, in a world characterized by
tight economic constraints and technical complexity, important results can be achieved only by sharing
different experiences and joining research efforts. It is also for this reason that both the SPM and the
SEB were conceived as test-beds for the Smart City paradigm, open to research activities carried out by
industries and other Universities.

The implementation and the study of the SPM and SEB infrastructures at the Savona Campus
defined several sustainability best practices to be reproduced at the city level designing residential,
tertiary and industrial districts characterized by distributed generation units and efficient buildings.
The best practices are the following ones:

• production of sustainable energy to satisfy the Campus needs;
• use of Combined Cooling, Heating and Power (CCHP) systems to reduce primary energy

consumptions and CO2;
• implementation of Energy Management Systems to optimally manage the energy production

and distribution;
• use of electrical storage systems to compensate the fluctuations of power production from

renewable sources;
• promotion of the use of sustainable mobility by enhancing the electrical vehicle charging stations

with two different technologies (G2V and V2G);
• creation of a sustainable urban energy island with buildings fed only by renewables with no

connection to the public electric grid;
• use of energy efficient appliances such as LED lamps automatically controlled according to

available natural light and occupancy levels;
• use of water efficient appliances and water recycling programs to reduce the waste of water;
• use of ventilated facades and high thermal/acoustic insulation systems to reduce

thermal dispersions;
• implementation of Building Management Systems to optimally manage building consumptions

and performances to guarantee both a maximum comfort level and high efficiency.

In order to better analyze the energy performance of the “Living Lab Smart City”, that is the
combination of SPM and SEB, six Key Performance Indicators (KPIs) were considered. Three of
them evaluate the electric performance (Electrical self-production—ESP, Electrical production from
renewable sources-EP_R and Electrical production from CCHP—EP_CCHP), while the other three
consider the thermal ones (Thermal self-production-TSP, Thermal production from boilers-TP_B and
Thermal production from CCHP—TP_CCHP). The equations used to calculate these indexes are the
following ones.

ESP =
Electrical energy production

Total electrical demand ·100 (1)

EP_R =
Electrical energy production from renewables

Electrical energy production ·100 (2)

EP_CCHP =
Electrical energy production from CCHP

Electrical energy production ·100 (3)

TSP =
Thermal energy production

Total Thermal demand ·100 (4)

TP_B =
Thermal energy production from boilers

Total Thermal demand ·100 (5)

TP_CCHP =
Thermal energy production from CCHP

Total Thermal demand ·100 (6)

The following spider graph (Figure 3) summarizes the energy KPIs of Savona Campus from 2015
to 2017. It can be noticed that both the electrical self-production, taking into account the electricity
produced by the cogenerating micro-turbines and the PV plants, and the electrical production from
renewables have been increased from 2015 to 2017 (the electrical self-production in 2015 was about
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36%, while in 2017 it was 49%). This is due, basically, to the new PV fields installed over two
buildings: in 2015 only one PV field was present, now they are three. The Electrical production
from CCHP remained almost constant at about 60%. As per the thermal performance, it is important
to underline that all the energy needed to heat or cool the buildings is produced inside the Campus
by the geothermal plant in the SEB and by cogenerating micro-turbines with absorption chillers and,
when necessary, by the boilers. In 2016, a very cold winter caused a bigger use of the boilers with
respect to years 2015 and 2017. The thermal production from renewables in 2015 and 2016 was 0%,
while in 2017 it was 5% since the geothermal plant of the Smart Energy Building started to operate.

Figure 3. The spider diagram summarizes the values of the six Energy Key Performance Indicators
of Savona Campus RIs. The performances were evaluated for three different years: 2015 (grey line),
2016 (blue line) and 2017 (orange line).

4.2. Results about the Recycling Program

The implementation of the recycling program inside the Savona Campus generated benefits for
the environment because the recycling rate reached the 75%. The total amount of waste produced
inside Savona Campus is about 100 tons per year. The recycling plants guarantee a 100% recycling
for paper, plastic, batteries, and toners; 98% for glass & cans; and 75% for the street sweepings.
The unsorted waste part is finally taken off to a landfill. The following pie chart (Figure 4) shows
the types and the corresponding percentage of production of the waste produced inside the Savona
Campus. In particular, it underlines that the street sweepings represent the biggest part of waste (48%),
while the unsorted waste is only the 14%.

Figure 4. The pie chart shows the percentages of production relative to different types of waste:
paper & cardboard, plastic, organic waste, glass & cans, street sweepings and unsorted waste.
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4.3. Results about the Use of Sport Infrastructures

The outdoor sport infrastructures of Savona Campus, namely the U-Trail, the football field and
the tennis court are generally used during the warmest months, namely from May to October. In the
near future (second semester 2019), the football field will be roofed (U-Field project) allowing the
training also during the colder months. It is important to highlight that such infrastructures are freely
accessible from 8.00 a.m. to 8.00 p.m., not only for the University people, but also for the population,
due to the public nature of the Savona Campus area.

Data are available since May 2018, when the U-Trail was completed and unveiled. On average
about 50 persons per month practiced football and tennis, except in August since, due to summer
holidays, the training is stopped. The U-Trail gained a growing importance during the summer because
several students, and workers as well, started to learn the exercises and enjoyed the open-air training
in their free time. Moreover, some local high schools in the nearby brought their students to practice
open air sport during their sport sciences lessons. The following graph (Figure 5) highlights this
growing trend.

Figure 5. The graph shows the number of people (students, workers and local schools) per month,
who used the sport facilities of Savona Campus from May to October 2018.

5. Discussion & Conclusions

The research activities carried out at the Savona Campus in the sustainability field have permitted
to develop important R&D projects in collaboration with industrial companies and foreign universities
and research centers. As regards the energy sector, valuable collaborations have been established with
Enel SpA, Fiamm SpA, and Siemens SpA to study islanded microgrids, smart electric mobility systems,
electrical storage devices, and energy management systems. The aforesaid companies have financed
scholarships for PhD students and Assistant Professors in order to strengthen their collaboration with
the Savona Campus. Moreover, the main results of the research activities have been published in
renowned international journals and presented at international conferences. This has permitted to start
joint research programs with notable universities such as ETH Zurich and MIT Boston. Furthermore,
the SPM and SEB projects are currently used as examples of smart districts by municipalities that
intend to refurbish urban areas with the aim of reducing primary energy consumptions and carbon
dioxide emissions. The proposed Living Lab concept can be applied to provide such urban areas
with the following facilities and practices: installation of renewable power plants, adoption of energy
consumption management systems, and smart mobility, creation of public amenity areas for relaxation
and sport activities, as well as social housing areas characterized by the presence of business incubators
and innovative 4.0 craft workshops.

In particular, the research activities carried out in the sustainable energy field at the Savona
Campus have allowed development of skills and practical expertise on how to develop a smart
city project within an urban area [21]. The analysis of the interaction between a smart microgrid
and a smart building and the optimal management of the whole infrastructure has permitted to
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highlight criticalities and potentialities of such innovative facilities. In particular, with regard to energy
production technologies, renewable energy power plants, cogeneration units, and storage systems have
been deeply investigated in order to evaluate their performance, capital and operating costs, reliability,
and availability. It is important to highlight that the optimal design of a smart energy infrastructure
based on the aforesaid technologies needs a very detailed energy audit of the end-users, in terms of
thermal and electrical loads, in order to choose the best type and size of technologies. Furthermore,
the daily management of such complex infrastructures needs the adoption of accurate forecasting tools
used to predict thermal and electrical loads, as well as energy carrier prices and energy production from
intermittent renewable sources. As described in the result section, the implementation of SPM and SEB
projects has determined a huge number of advantages for the daily operation of the Savona Campus
in terms of economic savings and emission reduction. Benefitting from the electricity production
from the solar source and conveniently exploiting the cogeneration units, in periods characterized by
a simultaneous need of electrical and thermal energy, and the storage systems, the energy bill of the
Campus has been reduced since a lower amount of electricity has been withdrawn from the public
grid and the use of natural gas for boilers has been limited. The resulting economic saving, coupled
with the environmental one, has strengthened the sustainability concept within the Campus and has
proved the real feasibility of this kind of projects, thus providing an example of a sustainable district
for the smart cities of the future.

The activities developed at the Campus from 2014 till now on SPM and SEB infrastructures have
also permitted to open new challenging research lines in the smart energy and sustainability field,
that specifically refer to smart mobility and demand response. Indeed, in the next years the number
of electric vehicles is envisaged to increase and their impact on power grids will be more and more
impressive. The testing of V2G technology at the Savona Campus will permit evaluation of the role of
electric vehicles within the ancillary service market and interesting analyses could be done in order
to compare the performance of vehicle batteries to that of fixed storage batteries. As far as demand
response is concerned, the possibility to manage controllable loads and other equipment will be tested
and the application of demand response policies will give information on their feasible and profitable
adoption in the urban environment.

Good results were obtained also by the implementation of the waste collection program,
which allowed Savona Campus to become a public leading guide over Savona Municipality in
terms of “smart” and empowered response of the involved community in following environmentally
friendly rules.

Finally, health and wellbeing infrastructures contributed to creating a common awareness in
Campus population about the benefits carried by the regular practice of sport and outdoor activities,
creating as well a strong and positive link with neighboring citizens, who started to spend more and
more time inside the Campus living a healthy life.
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Abstract: As places where future citizens are educated, knowledge is (co-)produced and societal
developments are critically reflected, higher education institutions (HEIs) can play a key role
in addressing sustainability challenges. In order to accelerate mutual learning, shared problem
understanding, and joint development of sustainable solutions, interinstitutional exchange and
collaboration between HEIs is crucial. However, little research to date has focused on institutional HEI
networks in the field of sustainability. More specifically, we still understand little about the concrete
development, implementation, and adaptation of such networks. This article explores early-stage HEI
networks for sustainability from a conceptual and empirical stance in order to develop a framework
that facilitates structured descriptions of these networks, as well as to foster cross-HEI learning on
their effective performance. It therefore combines insights from an explorative literature review, two
case studies and an interactive workshop at the ISCN Conference 2018. As results, we first suggest an
analytical framework to facilitate a systematic characterization of HEI networks. Second, by applying
the framework to the two case studies, we present and discuss lessons learned on how a single HEI
can contribute to establishing a network and how it can utilize its network membership effectively to
strengthen its efforts for sustainability.

Keywords: higher education institution; networks; sustainability; collaboration; interdisciplinarity;
transdisciplinarity; learning; innovation; whole institution approach

1. Introduction

Global sustainability problems such as climate change, biodiversity loss, and poverty are leading
to major socio-ecological change, prompting us to accelerate joint efforts to achieve a more sustainable
and just future [1–4]. Higher education institutions (HEIs), as places where future citizens are
educated, knowledge is (co-)produced, and developments are critically reflected, can play a key role
in addressing sustainability challenges [5–12]. The term higher education institution (HEI) in Germany
usually encompasses research universities, universities of applied sciences, as well as colleges of art
and music. In this article, we focus on the first two types of HEIs. Within their different fields of
operation such as governance, research, education, campus management, reporting, and transfer
(meaning mutual exchange of knowledge, ideas, services, technologies, and experience between HEIs
and other societal actors from politics, industry, public sector, and civil society) [6,10,13,14], HEIs
provide structures and resources to bring together various kinds of actors and expertise. They allow
working on approaches for creating, critically reflecting, testing, and further developing concrete
sustainable solutions. As such, HEIs can serve as platforms for theoretical and practical learning for
sustainability transformation [7,10,15].
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Embedded in specific geographic, political, and cultural contexts, HEIs provide different
approaches and expertise on how to address sustainability challenges. Therefore, interinstitutional
exchange, collaboration, and even co-creation between HEIs are crucial, as they allow “for
accelerating learning by sharing problem understandings, successful solutions, and important
contextual considerations” ([4], p. 749). With regard to a general spectrum of formats of interaction,
we consider exchange, collaboration including co-design, co-production, and outreach as relying on
two-way-communication. While exchange generally requires little commitment, collaboration requires
greater commitment, as well as more active engagement on an equal footing [16]. In this regard,
local, national, and international networks allow for a multilateral type of exchange and collaboration
between persons, teams, institutes or institutions (so-called “nodes”) in the higher education sector [17].
Such HEI networks are often regarded as “vehicles for innovation and improvement in educational
systems” ([18], p. 6); as well as a powerful impetus for organizational learning and the development of
innovative solutions [19,20].

Networks proceed through consecutive developmental stages, in which they integrate different
functions to reach specific benefits [20]. Based on the life-cycle model, Verburg and Andriessen [20]
suggest three stages of networks: development, implementation, and adaptation. From a political
stance, networks allow institutions such as HEIs and their actors to form new collaborative formats
and interest groups [19]. As part of this political function declarations, as well as incentive structures,
can be helpful to encourage inter- and transdisciplinary collaboration for sustainability within and
across HEIs [8,12]. Furthermore, related to an incentivizing or motivating function, the reference to the
network activities may also act as a leverage for a single HEI to move forward with new projects, e.g.,
in sustainable campus management [19]. This positive effect is closely connected to the psychological
function, as institutional, team and individual network members find themselves amongst a group
of like-minded HEI actors, working towards similar goals, values, and jointly developed products
(e.g., publications in sustainability research, manuals, and best practice-collections as guidance for
sustainability managers or policymakers), in or across their institutions—thus allowing individual
learning and empowerment [19,20]. This is also facilitated by the information function that networks
serve. An ever-growing range of face-to-face, as well as virtual exchange and collaboration formats,
allows for an information flow across institutions and in many cases hierarchies. These settings also
give individuals and groups, representing HEI members in a network, opportunities to acquire new
skills from their peers that may not be offered by traditional training schemes [19]. The implicit skills
function of networks is increased in international, trans- and interdisciplinary formats of exchange,
fostering the intercultural sensitivity and competency of network members [1,19].

Exchange, collaboration, and even co-creation for sustainability is rooted in the comprehensive
experience of well-established and large HEI networks, such as the International Association of
Universities (IAU, founded in 1950) [21], the Association of African Universities (AAU, founded
in 1967) [22], and the Global University Network for innovation (GUNi, founded in 1999) [23].
These networks span up to several hundreds of members from a great number of countries and
include sustainability-related objectives in their strategic alignment. Other HEI networks, such the
International Sustainable Campus Network (ISCN, founded in 2007) [24] and the Association for the
Advancement of Sustainability in Higher Education (AASHE, founded in 2005) gained momentum
and large numbers of members from different parts of the world in the past 10 to 15 years. They follow
a clear agenda focusing on the contribution of HEIs to sustainable development on the local, regional,
national, and international level. Both examples of large HEI networks have clear governance structures
and a widely diversified portfolio of instruments available to contribute to sustainability, e.g., regular
reports, annual conferences, joint projects, and a spectrum of options to share and spread information
among their members and beyond. In addition, a number of smaller HEI networks have been
established in the last years in order to work more intensively with a concentrated number of HEI
members toward contributions for sustainability, such as the University Alliance for Sustainability
(UAS, founded in 2014) [25] and Sustainability at Higher Education Institutions Network (HOCH-N,
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founded in 2016) [13]. In this article, we focus our research attention on hitherto barely investigated
early-stage HEI networks for sustainability.

A growing body of literature investigates different formats of inter- and transdisciplinary
HEI-collaboration [4], e.g., focusing on international, often bi-lateral research collaborations and
co-authorships [26,27], joint education projects [4,28,29], as well as mutual knowledge and first-hand
experiential exchange on efforts for sustainable campus management [24]. Other works address
different forms of networks from a meta-perspective [17,20]. However, little research to date has
focused specifically on early-stage networks of institutions in the field of sustainability, especially not
from the perspective of single HEIs as members or nodes in such networks. Furthermore, we still
understand little about the concrete contributions of single HEIs to the development, implementation,
and adaptation, as well as concrete outcomes of such networks for sustainable development.

In this article, we pursue the following objectives: First, we suggest an analytical framework to
spur a more structured description and reflection of HEI-networks. Secondly, we adopt this framework
to investigate two contrasting cases of HEI-networks for sustainability in greater detail to test its
applicability and learn more about structures and processes facilitating or inhibiting networks to
meet specific functions. Besides a general comparison on the network level, we do so from the
node perspective of a single HEI-network member to facilitate cross-HEI learning on the effective
performance of these networks. For each of the two exemplary cases, we focus on a specific aspect of
HEI networks for sustainability. On the one hand, we provide insights into how a single HEI-node in
a network can contribute to establishing an HEI network. On the other hand, we focus on concrete
outcomes for a single HEI as a member in a network for sustainability.

In Section 2, we describe the methodical proceeding we used for addressing the aims of this article.
In Section 3, we first present a set of 15 characteristics to allow a structured and detailed description
HEI-networks before we apply these characteristics to the two case studies. Section 4 integrates
and discusses the results by focusing on lessons learned from the two case studies. These results
are complemented by insights from a workshop held at the 12th International Sustainable Campus
Network (ISCN) Conference. Section 5 concludes by reassessing the HEI-networks as a contribution
to sustainability.

2. Methods

To address the two main objectives, this article employed a qualitative research approach
combining insights from an explorative literature review, two contrasting case studies and a joint
interactive workshop at the ISCN Conference 2018 in Stockholm [30]. We triangulated the insights to
(i) identify and test key characteristics for describing HEI networks and (ii) to gain insights into the
development, as well as into first impacts of two smaller networks focusing on sustainability.

2.1. Explorative Literature Review

An explorative review of the literature from different fields of study was conducted in Google
scholar revolving around the terms “networks”, “sustainability”, and “higher education institutions”.
In addition, similar terms derived from the literature, such as “collaboration”, “internationalization”,
“partnerships” and “universities”, were applied in different search strings to identify further relevant
literature. English and German references were considered for the review. Various scholars have
already discussed the limitations of literature reviews relying on a single database in general,
and relying on Google scholar in particular [31–33]. In fact, no single database provides full coverage
of the relevant literature [31]. For the explorative literature review at hand, we did not strive for a
full coverage of the literature. Instead we aimed for a selection of scientific literature from different
academic disciplines to gain a broad view on networks as the overall basis for the analytical framework.
Despite its flaws discussed in the literature, e.g., the lack of reliable advanced search functions [32],
we still decided to rely on Google scholar because of its high coverage, especially in relevant fields for
this article, such as business, economics and management, humanities, literature and arts, as well as the
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social sciences [33]. We analyzed the obtained literature qualitatively with the intention to inductively
extract characteristic features that capture the specific traits of networks [34]. The collected text
junks in form of short paragraphs, sentences, and parts thereof, as well as key words were clustered
according to similar or related content. In a next step, appropriate terms were developed or gained
from the literature itself for each of the clusters constituting the set of network characteristics. The set
of characteristics developed in this way, was then put into a logical order and specified via short
descriptions and/or illustrative examples (see Table 1). The characteristics represent an essential
first result of this article which were subsequently applied to two case studies of HEI networks for
sustainability in order to structure our empirical and experiential findings and to test the applicability
of the characteristics.

2.2. Case Study

For the empirical part of our study, we applied a case study approach [35–37]. We focused on
two HEI-networks that both employ a whole institution approach to facilitate and institutionalize
HEI engagement for sustainable development: (a) Network of Higher Education Institutions for
Sustainability (HOCH-N), a national consortium of German universities and universities of applied
sciences; and (b) University Alliance for Sustainability (UAS), an international network of five partner
universities from Germany, Israel, Canada, China, and Russia. Both cases imply a rich learning
potential for whole HEIs to individual HEI-actors, as they follow similar aims and approaches but span
different geographic scales and rely on different instruments and strategies for their implementation.
As the authors play crucial roles as co-founders, network managers and members, conducting
self-reflexive case studies and presenting them at the ISCN Conference 2018 was viewed as important
steps to take stock and seek constructive feedback for potential adjustments.

For each of the case studies, a self-reflexive process was implemented from the perspective of the
two German universities represented by the authors: Freie Universität Berlin and Leuphana University
Lüneburg. For doing so, information on involved actors, selected and applied instruments, as well as
strategies, established structures, and first outcomes including benefits and obstacles, were collected,
respectively. Based on the conceptual framework developed from the literature, the information was
structured and documented in order to allow the narration of a context- and case-specific story [35].
On the one hand, the tabular short descriptions of each network formed the point of departure for
an internal systematic reflection of our own empirical research within the HOCH-N network. On the
other hand, we relied on practical experiences, as well as personal observations of processes and
dynamics within HOCH-N and UAS network. The collected information was internally discussed
with regard to the strengths and weaknesses of each network’s structures, processes and first outcomes
as a contribution to sustainability.

2.3. Interactive Workshop at the ISCN Conference 2018 in Stockholm on 12th June

During the 12th ISCN Conference, the authors of this article jointly conducted an interactive
workshop on strategic networking among HEIs for sustainability. Both the workshop organizers and
participants represented different status groups of several HEIs. In total, 15 people from eight countries
participated in the interactive session. The participants came from a wide range of professional
backgrounds: five researchers; four (senior) sustainability managers; one PhD student, two students,
and one participant represented a non-governmental organization. The professional backgrounds
of two persons could not be specified. In total, nine men and six women participated. We are
aware, that the participants most certainly did not reflect a representative sample of international
HEI actors engaged in networking for sustainability. Nevertheless, the overall ISCN conference
context can be viewed as a pre-selective filter of international HEI stakeholders who are aware of
and also actively engaging in HEI networking for sustainability. Another filter is the individual
motivation to engage, not in one of the parallel workshops, but in this specific workshop on HEI
networks for sustainability pointing to the participants’ personal commitment and expertise in the
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topic. Subsequently, the small sample encompassed an impressive variety of participants in terms of
degree of academic qualification, field of action, and duration of professional experience, as well as
geographic origin of their home HEI. This group has discussed lively and actively contributed its
diverse expertise within the workshop. Although not representative, we decided to incorporate
the valuable contributions into this article in order to enrich the discussion of HEI networks for
sustainability based on two contrasting cases and the scientific literature in the field. The authors
briefly introduced each case study in order to provide inspiration and a shared starting point for
the subsequent interactive part. Workshop participants were engaged in two rounds of small group
discussions, in order to share and collect their expectations and experiences with HEI-networks for
sustainability, as well as to debate leverage points and practices to strategically advance such networks.
Afterwards, the outcomes from the group discussions were recorded, supplemented, and restructured
to increase intelligibility. Finally, they were used to complement the lessons learned from the two case
studies on HEI-networks for sustainability, as discussed in Section 4.

3. Results

3.1. Characterizing HEI-Networks for Sustainability

Table 1 presents the analytical framework to characterize HEI-networks based on the explorative
literature review, as well as insights from our personal experience as co-founders of two HEI-networks
for sustainability.

The 15 characteristics represent an analytical framework to systematically differentiate between
structure (characteristics #1–9), processes (characteristics #10–13), and context (characteristic #14)
which are unique to each network and are already existing or aspired outcomes of the network
activities (characteristic #15). They first specify which individual and/or groups of actors—from a
specific region and supported by certain resources—are collaborating with each other for a specific
topic in order to jointly strive for common goals. Secondly, they specify how this collaboration is
organized and proceeding along the different developmental stages of a network. Thirdly, the societal
context is covered in which a network is embedded. Finally, the results and impacts a network can
unfold are covered. The set of characteristics is designed to make essential features of HEI-networks
explicit for both members and external stakeholders alike. The characteristics were derived from the
scientific network and collaboration literature of various academic disciplines. They therefore do not
focus on networks for sustainability in particular but on HEI networks in general. By adopting the
characteristics to two exemplary HEI networks for sustainability, we investigated their applicability to
the context of sustainable development in the higher education sector. According to the literature used,
all identified features were included in the analytical framework for structured descriptions of HEI
networks. Our goal was to introduce a literature-based comprehensive set of characteristics that is, at
the same time, as specific and general as possible. As to our knowledge, such a framework for HEI
networks has not been introduced before. Due to the limited literature bases, we are aware that our
synthesis may have overlooked single network features. However, the 15 characteristics can serve as a
means to derive commonalities and differences between networks, thus informing potential future
network members, but also allowing a network to be systematically located within the landscape of
other networks.

To make the 15 characteristics more tangible, they are applied, slightly adapted, and discussed in
the subsequent Sections 3.2 and 3.3 with regard to the two exemplary HEI-networks for sustainability
in this article—HOCH-N and UAS.
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Table 1. 15 characteristics of networks among organizations such as higher education institutions
(HEIs) based on an exploratory scientific literature review.

Characteristic Specification References

1. Geographic scope Dispersion of network members on a local, regional, national,
international level. [1,20]

2. Subject Overall topic a network focuses on. [1]

3. Objective
Overall objective or spectrum of objectives a network pursues,
e.g., building institutional capacity, jointly developing
educational programs, staff exchange, etc.

[4,20,26]

4. Resources Financial, institutional, and human resources a network has at
hand to work with. [1,10,26]

5. Composition
Clarifies how many and which actors (individuals up to
whole HEIs) are part of a network, as well as who is
collaborating with whom.

[1,4,20,26]

6. Organizational structure and
role of leadership

Specifies how a network is internally structured and operating
in terms of role distribution, decision-making power,
and hierarchy.

[20,38]

7. Open/closed Networks either encompass a fixed number of members or are
open to enroll new members. [20]

8. Heterogeneity/homogeneity

Diversity aspects such as ethnicity, gender, language, etc.,
relevant in a network, as well as different working cultures
and norms relating to hierarchy and status within and
between HEIs.

[1,7,26]

9. Degree of formalization
Specifies how far structures and processes of a network are
institutionalized, e.g., via defined memberships, formal rules
of composition, interaction and communication.

[1,20,26]

10. Type(s) of collaboration

Specifies the organizational type through which collaboration
is implemented in a network, e.g., via joint teaching,
collaborative research, visiting students and staff,
joint institutes.

[1,4,26]

11. Mode of interaction and
communication

Face-to-face or virtual exchange and collaboration via
application of information technology. [1,20,26]

12. Developmental stages
Networks develop over time by going through consecutive
stages from birth to death (life-cycle perspective) or from
low-to-high levels of maturity (evolutionary perspective).

[20,26]

13. Ethos
Specifies the social frame in which a network is embedded,
e.g., encompassing working atmosphere, joint identity,
trust, commitment.

[1,17,20,26]

14. Context Political, cultural, and economic context, as well as societal
structures and processes a network is embedded in. [1,8,12,26]

15. Outcome
Results and impacts a network has for all or some of its
members, for actors, structures, and processes in- and outside
the network.

[1,4,7]

3.2. Learning How to Effectively Contribute to the Development of an HEI-Network for Sustainability:
The Case of the HOCH-N Network

In this section, we shed light on the practical, conceptual, and empirical contributions of a
single university to help establish a national HEI network for sustainability. The case study at hand,
focuses on the network “Sustainability at Higher Education Institutions (HOCH-N)” especially from
the perspective of Leuphana University Lüneburg in Germany, as one institutional node in this
network. We specify the characteristics of the network and summarize them in Table 2, present its main
governance structures, as well as the strategies that Leuphana University concretely contributed to the
development of the HOCH-N network. Contributions were made on three different levels, national,
single HEI-level, and research group level, and were examined concerning encountered challenges
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and coping strategies that were developed. Even though the insights related to HOCH-N as a young
network might partly seem to be obvious, we think they provide valuable points for reflection for
researchers with little experience in networking but also to some extent for more experienced actors.

3.2.1. Fostering Sustainability in Higher Education via National Collaboration

In 2015, the Global Action Program on Education for Sustainable Development (ESD) resumed the
Decade of ESD by the United Nations Educational, Scientific, and Cultural Organization (UNESCO).
This program particularly addresses Sustainable Development Goal #4 of the United Nations on
education as one essential leverage point to promote sustainable development [39]. It is this top-down
driving factor which motivated the German Federal Ministry of Education and Research to intensify
its funding for sustainability projects in the education and higher education sector via its funding
program “Research for Sustainable Development (FONA)” which aims to implement the Global Action
Program on ESD on a national level. Another driving factor was the sustainability codex resolved by
the German Council for Sustainable Development in 2011. The HOCH-N project set out to adjust this
codex, which was originally dedicated to foster sustainable development in the private sector to the
context of higher education institutions. A more bottom-up driving factor for the HOCH-N project
and network was the wish for a joint effort to conflate the multitude and diversity of approaches to
sustainability by an increasing number of HEIs across Germany. As a consequence, the joint research
project “Sustainability at Higher Education Institutions: develop - network - report (HOCH-N)” was
launched in 2016; funded by the German Federal Ministry of Education and Research. In HOCH-N,
researchers from 11 German HEIs are collaborating with each other to integrate already existing
expertise and future developmental potential of HEIs to contribute to sustainability. German HEIs
involved in the HOCH-N project are: Bremen University, Duisburg-Essen University, Eberswalde
University for Sustainable Development, Freie Universität Berlin, Hamburg University, Leuphana
University Lüneburg, Tübingen University, Ludwig-Maximilian-Universität Munich, Technische
Universität Dresden, Vechta University, Hochschule Zittau-Görlitz. The overall lead in this project lies
at Hamburg University. The management and coordination of the HOCH-N network, representing one
specific objective of the underlying joint research project, is led by Hamburg and Bremen University.
Within the HOCH-N project and its network, an interdisciplinary team of sustainability-oriented
research experts from Leuphana University is actively involved.

With the launch of the project, also the design and planning phase, as well as first steps to establish
the HOCH-N network were taken. Acknowledging already existing HEI-networks for sustainability
(i) on the federal state and international level; (ii) between a small selection of HEIs and other research
institutions; as well as (iii) spanning just one specific group of HEI-stakeholders (e.g., sustainability
managers), the HOCH-N network embarked on a national scope, bringing together various groups
of HEI stakeholders from deans to students, from researchers and lecturers to technicians and
administrators. Therefore, researchers and practitioners from other German HEIs outside HOCH-N
were specifically invited to become members of the open HOCH-N network in order to share their
expertise and contribute to the overall goal of HOCH-N. That is to promote sustainable development
across the different fields of action at German HEIs. For this, available expertise and established
approaches how to consequently reflect upon and integrate sustainability into research, teaching,
governance, transfer, campus management and reporting, were collected and visualized. In HOCH-N,
making sustainability related scientific and practical knowledge explicit and accessible is considered a
basic condition to increase awareness, facilitate and accelerate mutual exchange, learning and inter-
and transdisciplinary collaboration for sustainability within and across German HEIs. In addition, via
inviting new members to the network and implementing joint workshops on sustainability-oriented
topics in all fields of action of an HEI, HOCH-N aims for strengthening the commitment among
HEI-stakeholders to reflect, develop and implement sustainability measurements on campus, as well as
bolstering existing bi- and multilateral bonds between German HEIs, and especially to establish new
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ones. Within the first two years, five HEIs and 163 individual actors from 101 German HEIs joined the
HOCH-N network.

3.2.2. Governance: Organizational Structures and Role of Leadership

The HOCH-N network is still a young network, currently in a transition between its development
stage on one hand and its active stage on the other. During the development stage, the collaborative
ties among the eleven HEIs, were strongly formalized, e.g., via the formulation of a shared overall
goal, a clear distribution of tasks and roles documented in the joint project proposal, the overall
project lead assigned to Hamburg University, the central management of the HOCH-N network
assigned to Hamburg University and Bremen University, regular face-to-face and virtual meetings for
interdisciplinary exchange and collaboration, an online platform to share documents and reporting
duties with regard to current research progress and intermediate results in order to seek internal
feedback, as well as feedback from the advisory board and the Federal Ministry of Education and
Research, etc.

Following a whole institution approach, the project encompassed six working packages dedicated
to the different fields of action of HEIs: research, teaching, governance, transfer, reporting, and campus
management [14]. In each of the working packages, two HEIs collaborated with each other respectively,
thus enabling new bilateral research partnerships for sustainable development. In addition, regular
joint workshops across the working packages allowed multilateral knowledge exchange, mutual trust
building and learning, as well as collaboration on joint products, such as a shared understanding of
“sustainability”, joint scientific publications, and practical guides.

On behalf of the formalization of the wider HOCH-N network—beyond the 11 HEIs—basic
structures were established, such as a project’s website, an online map giving an overview of the
number, distribution, and sustainability-related expertise of the network members, a set of admission
criteria for potential future members, etc.

3.2.3. Instruments to Develop the HOCH-N Network

As outlined above, establishing the HOCH-N network was centrally managed by an
interdisciplinary team of sustainability-oriented researchers at Hamburg and Bremen University.
At the same time, each of the other nine HEIs involved in the HOCH-N project were asked to actively
support this early stage of the network. In the following, we provide insights on how Leuphana
University Lüneburg concretely contributed to setting up the HOCH-N network, which obstacles
occurred, and which coping strategies were developed. Finally, we reflect upon expected outcomes for
Leuphana University as soon as the HOCH-N network fully switches from the initial development to
the active implementation stage.

3.2.4. National Level

In order to reach out to the wider community of sustainability-oriented stakeholders at German
HEIs, the research group at Leuphana University decided to combine the invitation to the network
with an inquiry to a nationwide online questionnaire on sustainability-oriented research. We contacted
the vice presidents of the 399 HEIs in Germany via email, briefly informed them about the network,
included a link to its online presence and cordially invited the vice presidents to become members,
as well as to forward the invitation to sustainability-oriented researchers/stakeholders at their
institution. Shortly after the invitations were sent to the vice presidents, inquiries to become network
members increased. Although new members were not asked how they got to know about the open
HOCH-N network, it is likely that there was a causal connection to the invitation via email.

We also collected a list of already existing sustainability-oriented networks among different status
groups of German HEIs and invited the hosts to spread the word and to become a member of the
HOCH-N network. With this, we intended to foster exchange and collaboration across already existent
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HEI-networks for sustainability which focus on single HEI status groups, are located on a regional to
federal state level, or are dedicated to just one or two fields of action.

3.2.5. Level of Single Higher Education Institution

Another approach to support the acquisition of members in the HOCH-N-network was to spread
information on the network and gain new members at Leuphana University itself. Due to technical
limitations a maximum of seven to eight individual stakeholders of one HEI could become members.
Thus, we decided for a targeted selection of potential future members, up to three from each status
group, HEI-management and administration, research and teaching, as well as the student body.
Additionally, we considered the specific expertise and hitherto observable commitment to engage for
sustainable development, as well as a person’s continuance in office. We also minded a gender balance
and spectrum of academic qualification among the potential members.

The selected stakeholders were contacted via email and/or personally in order to invite them to the
network. Support was given to create and establish individual network profiles as the entrance ticket
to the network. Here we faced organizational challenges as different stakeholders required different
contact strategies. Often several emails and/or personal contacts were necessary in a time-consuming
and prolonged process due to high workload of the contacted persons, the generally voluntary
character of networking activities and insecurity about the relation of individual effort and advantages
of a membership. At an interval of several weeks, friendly reminders were sent out and the opportunity
given to discuss open questions and potential benefits via email or personally. The given information
was finally forwarded to Hamburg University and incorporated into the online map of the network.

3.2.6. Level of Research Group

The main contribution to the development of the HOCH-N network was to work up a practical
guide in collaboration with sustainability-oriented researchers from Ludwig–Maximilian University
Munich. The guide focuses on research as one of the six fields of action addressed in the joint project
HOCH-N and is based on conceptual and social empirical research. Its goal is not to provide an instant
recipe on how to conduct ideal-typical sustainability-oriented research. With regard to the diversified
landscape of such research, the guide provides a spectrum of hands-on information and examples
to demonstrate different options of how research can be designed and implemented as a concrete
contribution to sustainable development. The guide thus provides inspiration and orientation for
future sustainability-oriented research at German HEIs [40].

More specifically and based on an online-questionnaire implemented at all 399 HEIs in
Germany the guide provides insights into the current landscape of sustainability-oriented research
at German HEIs. Three-hundred-and-fifty-eight HEI actors, mostly researchers but also technicians,
administrators, and students from about 100 German HEIs participated in the survey.

We are aware that the data is not representative for sustainability-oriented research at German
HEIs in total. One of the challenges was to develop an approach to identify researchers as
sustainability-oriented or not. We decided to rely on self-identification. Thus, researchers who
may conduct sustainability-related research without calling it that were not reached with this strategy.
Another challenge was to develop a contact strategy to reach out to the sustainability-oriented research
community at German HEIs effectively. As there is no database available which entails an overview of
all researchers at German HEIs, we sent the questionnaire via e-mail to the vice presidents at all German
HEIs via e-mail and kindly asked them to forward it to relevant stakeholders at their home institution.
In addition, we sent the questionnaire to the contact persons of regional sustainability-oriented HEI
or research networks and asked to spread it among the network members. On the one hand, both
contact strategies had the potential to reach out quickly and with limited effort to a great number of
sustainability-oriented researchers at German HEIs. On the other hand, both strategies depended on
the collaborative willingness of a rather small number of key actors.
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However, the collected data allows a first impression of the current landscape of sustainability-
oriented research foci, trends, and gaps. The data thus contains valuable information for sustainability-
oriented researchers and whole research institutions on how to locate their own work within the
current landscape and strategically plan their future sustainability-oriented research including
research collaborations.

In addition, the guide provides application-oriented information on how to concretely
initiate, implement, and/or expand sustainability-oriented research at the home HEI. Based on a
narrative literature review, three ranges of action were identified as practical leverages to facilitate
sustainability-oriented research, i.e., research setting, research process, and academic qualification.
This conceptual contribution was validated and completed via semi-structured telephone interviews
with 27 stakeholders from research services, research and teaching, as well as sustainability offices
from seven selected German HEIs. Subsequently, a fourth range of action on “networking” was added.
Furthermore, exemplary instruments and strategies for each of the four ranges were developed from
the interviews with researchers from HEI network members, as well as illustrated by tried and tested
practical examples.

Parallel to the challenges in the survey, we adapted the self-identification strategy to select our
interview partners by relying on explicitly sustainability-related information of potential interview
partners presented on the website of their home institution. Another challenge was to develop a clearly
structured and appealing form of presenting the spectrum of collected instruments and practical
examples for an interested audience. For this, we searched for inspiration in practical guides such as
the Green Guide for Universities [41], as well as collegial feedback from within the HOCH-N project.

As a side effect of the survey and interviews, a comprehensive number of stakeholders from
German HEIs who were involved in the quantitative and qualitative data collection were informed
about the underlying joint research project, as well as the HOCH-N network, thus increasing
its visibility.

3.2.7. Expected Outcomes at Leuphana University Lüneburg

After contributing to the development of the HOCH-N network, Leuphana University is looking
forward to continued active engagement in and concrete benefits from the network in the near future.
One of the next steps is to test and, if necessary, refine the collected instruments and strategies at other
HEIs in the HOCH-N network. This is planned as a multilateral collaboration between Leuphana
University and additional HEIs. We, therefore, expect to further strengthen the ties between HEI-nodes
in the HOCH-N network, as well as to stir inspiration and learning at Leuphana University itself to
further develop solution-oriented sustainability research.

3.3. Learning How to Leverage Strategic Benefits from an HEI-Network for Sustainability: The Case of the
UAS Network

In this section, we share insights on how a single HEI can leverage positive outcomes for its
sustainability activities from networking internationally. The case study refers to the “University
Alliance for Sustainability” network, of which Freie Universität Berlin was initiator and co-founder.
The authors of this section contributed actively to building and consolidating the network as UAS
program leader and network manager and provide a critical self-reflection of lessons learned. It will be
shown how the step-by-step establishment of the network became the basis for the internal networking
of sustainability-related stakeholders and the initiation of new teaching formats at Freie Universität
Berlin. In the following, we specify the characteristics of our network including a concise overview in
Table 2, introduce governance structures, instruments, and assess the effects on sustainability related
structures and processes at Freie Universität Berlin. Insights gained are reflected against challenges
and developed coping strategies.
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3.3.1. Fostering Sustainability via International Collaboration

Considering the global scope of the topic of sustainability and the international research
community universities are embedded in, there is tremendous potential for international collaboration.
This mindset led to the foundation of the “University Alliance for Sustainability” (UAS) in 2015.
The UAS network with Freie Universität Berlin as one of its nodes is based on the bilateral strategic
university partnerships that have evolved from long-standing university partnerships, including the
Peking University (partner since 1981, strategic partner since 2011), Hebrew University of Jerusalem
(partner since 1986, strategic partner since 2011), St. Petersburg State University (partner since 1968,
strategic partner since 2012), and the University of British Columbia (partner since 2012, strategic
partner since 2014). Establishing strategic partnerships with leading research universities worldwide
is part of the internationalization strategy of Freie Universität Berlin. The objective of these alliances is
to allow for comprehensive networking and collaboration on all university levels, i.e., regarding the
sustainable support of young researchers, the initiation and implementation of innovative research
co-operation, the development and establishment of future-oriented teaching, and the exchange of
researchers, students, and staff. When selecting strategic partners, Freie Universität Berlin takes into
account the diversity and intensity of existing contacts, as well as the potential for future cooperation.

It is the objective of the UAS to foster an inter-university and transdisciplinary dialogue,
connecting university stakeholders in the field of sustainability. Following a whole institution approach
the partner universities leverage the relationships and collaborations they built in various disciplines to
address sustainability challenges in research, teaching, campus management, and transfer. This implies
the placement of sustainability issues in all structural and thematic entities of the universities, going
beyond the usual segmentation of an HEI. The UAS partners developed a high degree of formalization
with an institutionally rooted governance structure aimed to ensure effective management of the
network and a successful transfer of best practice examples between institutions.

3.3.2. Governance: Organizational Structures and Role of Leadership

Looking back, the clear structure of the decision-making bodies and their anchoring within the
leadership level, ensured the high visibility and institutional support given to the network from the
outset. The Network Board is the highest decision-making body and comprises vice presidents or
prominent academic representatives from all partner universities.

At Freie Universität Berlin a Steering Committee is responsible for the strategic development of
the network. It consists of the vice president for international affairs and the former vice president for
research and sustainability in teaching, the UAS program leader and network manager, as well as a
representative of the Center for International Cooperation at Freie Universität Berlin. This composition
ensures that decisions are reflected in the overall internationalization strategy of Freie Universität
Berlin, in addition to the day-to-day needs of the UAS network development.

The network activities are coordinated by the Unit for Sustainability and Energy Management
that is in charge of steering sustainability management at Freie Universität Berlin. The operational
management aspects of the UAS are largely dealt with by the network manager at Freie Universität
Berlin and the respective coordinators at the partner universities. As the crucial contact persons for
incoming fellows, they ensure the smooth proceeding of the exchange program between the partner
universities. In addition, they facilitate networking in research and campus management at their home
university by keeping track of stakeholders involved, supporting joint project proposals, and research
triggered in the network.

3.3.3. Instruments of Implementation

The UAS mobility program offers exchange options for faculty, staff, and students for research,
study or internship stays at the partner universities. Since its initiation, more than 240 individuals
have actively participated in the program and evaluated their stays in fellow reports, which are
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openly accessible on the UAS website. An evaluation of the UAS fellows showed that—despite
the open application system and incremental network growth—there is a nearly even distribution
of male and female participants (47% male, 53% female). In terms of stakeholder groups funded,
the distribution is also relatively even: 36% senior researchers, 22% junior researchers, 20% students,
and 22% administrators. The slightly higher number of senior researchers resulted from the numerous
research workshops and strategy meetings in the UAS network. Freie Universität Berlin received
most incomings from the partner universities (52%), which is due to funding requirements and
the workshops, as well as Spring Campus Conferences held in Berlin. Freie Universität Berlin’s
outgoings went to University of British Columbia (18%), Peking University (14%), Hebrew University
of Jerusalem (9%), and Saint Petersburg State University (7%). A total of 410 participants attended the
three Spring Campus Conferences from 2016–2018. About half of them came from Freie Universität
Berlin. Of these, more than a third were students and PhD students. This transparent monitoring of
the fellow network helped to build on existing contacts and projects, as well as map the network’s
development. Reports are evaluated by the network manager, who also maintains a database of people
involved in the bilateral collaborations. This overview, combined with proactive communication
including a large number of personal conversations about the UAS, significantly contributed to
the incremental development of the network, by allowing the linking of researchers at the partner
universities and mutual trust building.

Networking in the fields of teaching and campus management is facilitated by incubator
workshops aimed at exchanging best practices, developing joint projects, and offering peer-to-peer
training opportunities. The joint research, exchange, and outreach activities are addressed by the
annual Spring Campus Conferences held at Freie Universität Berlin. During these events, UAS
partners showcase and discuss their research and projects in teaching and campus management
with an international audience. From 2015 to 2018, the UAS network facilitated three Spring
Campus Conferences, two Teaching and five Management Incubators, as well as numerous bilateral
research workshops.

The participation of key stakeholders from each partner university in the workshops and
conferences largely depended on three factors:

(1) Contacts established during research stays through the mobility program;
(2) Invitations by the coordinators at the respective partner university or the network manager

in Berlin;
(3) Calls for contributions, triggering the participation of experts who have not been previously

involved in the UAS.

Looking back, the first two approaches proved to be most effective in addressing
high-level researchers and senior management staff, who contributed established research or best
practice examples.

The UAS receives funding from the German Academic Exchange Service sponsored by the Federal
Ministry of Education and Research from 2015 to 2020. This funding contributed significantly to the
successful foundation of the network, as it covered the mobility program and the position of the UAS
network manager. In order to set the course for the years to come, a Future Lab will be held in late
2019. This will bring together representatives of all UAS partners to carry out an evaluation and
to discuss the prospective nature of the partnership for the subsequent years. To ensure continuity,
the Executive Board of Freie Universität Berlin has decided to permanently assign the UAS network
manager position.

3.3.4. Outcomes at Freie Universität Berlin

The UAS network works with a detailed milestone and measurement plan, which focuses on
the aforementioned mobility program, conferences, and incubators. Regular reporting duties to the
governance bodies of the UAS and the donor also ensure the continuous reflection and evaluation
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of measures taken and their respective outcomes. Already in the start-up phase, the partners have
defined which goals they aim to achieve in the first four years of the network collaboration (2015–2018).

At the end of the first round of funding, it can be concluded that the network initiated the
establishment and deepening of manifold research and teaching projects at UAS partner universities.
Fostering these is an ongoing process. Planned results of UAS include:

(1) Building an international sustainability researchers’ network;
(2) Fostering education for sustainable development including cross-HEI curricula development;
(3) Embedding sustainability in the overall management and campus of each partner institution.

In contrast to the intended network results, the UAS’ whole institution approach, and moreover,
the cross-sectional theme of sustainability, decisively contributed to radiating results in a wide variety
of areas. This is also reflected by the network’s claim to involve and address all stakeholders and
entities of the university. Therefore, results in the field of sustainability did not only affect the
work environments of researchers or lecturers but also clearly addressed the overall management
and administration of the network member institutions. In addition, the international collaboration
sparked a variety of opportunities for additional impacts and initiatives. They essentially resulted
from the fact that the process of establishing the international network became increasingly important
for internal networking at Freie Universität Berlin. The incremental development of the UAS allowed
the network management to embrace and support these spin-offs. In the following, we will specifically
reflect on the interdependent developments in the area of teaching at Freie Universität Berlin.

The collaboration in the UAS has been an important impetus for strategic sustainability projects
at Freie Universität Berlin. The Unit for Sustainability and Energy Management that is in charge of
steering the sustainability management at Freie Universität Berlin and coordinating the UAS, was able
to leverage the attention sparked by the network activities and the best practices presented by the
partners to advance internal sustainability activities at Freie Universität Berlin. While not being an
explicit goal, this was paramount for the central UAS network management at Freie Universität Berlin.
The overall aim of deepening the existing collaborations of the partner universities with the normative
goal to foster sustainability, was also a trigger to push innovations in the field at Freie Universität Berlin.
The UAS network proved to be a door opener for sustainability issues within the university. This was
particularly evident in the areas of research and teaching. The interdisciplinary and international
design of UAS allowed addressing researchers in all faculties of the university. Personal meetings to
introduce the network and respective funding opportunities of the exchange program, conversations
on leadership level, as well as networking opportunities during the UAS events, sparked follow-ups
with professors and largely contributed to mapping the existing sustainability-related research at
Freie Universität Berlin. It also facilitated the dialogue on sustainability and raised awareness for the
topic on campus. In this respect, the governance decision to anchor the UAS project in the Unit for
Sustainability and Energy Management at Freie Universität Berlin with direct contacts to the Executive
Board and a wide range of university contacts has proven to be beneficial.

An evaluation of the milestone plan revealed that a significant number of planned results have
been achieved by UAS. However, the network management and members were confronted with a range
of challenges and obstacles which led to essential lessons learned. While the partners embraced the
whole institution approach, it remained a challenge to address overarching sustainability projects in the
segmented structure of Freie Universität Berlin. With regard to interdisciplinary sustainability research
projects, it became clear that such a collaboration across academic disciplines is often proclaimed
valuable; however, most researchers have not yet developed routines, accordingly. In the UAS-context,
this needed to be practiced, especially in terms of creating mutual awareness of and integrating different
disciplinary languages. In regards to the teaching collaboration in terms of joint courses and degree
programs, the UAS university stakeholders learned that taking small, incremental steps was the most
fruitful strategy. They also understood that setting up international teaching collaborations requires
strong and continuous administrative support from the respective home HEIs, time intensive input
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from involved teaching personnel, as well as a clear foundation in the local study regulations. The last
factor includes considerations of credit recognition and language of instruction. Here, the network
management learned that these processes often need more time than expected. In the beginning
activities should thus focus on the exchange of best practices, short-term lectureships, and individual
joint courses to facilitate the development of joint programs and degrees in the long-run.

One area where the additional impacts of the international networking (in that scope) became
particularly evident at Freie Universität Berlin is the area of teaching. The exchange on curricula,
didactics, methods, and resources in the Teaching Incubator contributed to the development of an
interdisciplinary curriculum “Sustainable Development” in the General Professional Skills courses at
Freie Universität Berlin, which is mandatory for undergraduate students. The idea to establish such
an inter- and transdisciplinary teaching format open to students from different faculties took further
shape and was driven by the international UAS network. The exchange provided an overview of
best practices at all partner universities, including projects, courses, methods, and virtual resources.
It brought together key stakeholders from teaching and curriculum development at Freie Universität
Berlin, who had the chance to connect with colleagues at partner universities.

Inspired by the international best practice examples, members of the working group “teaching” of
the sustainability steering committee at Freie Universität Berlin integrated these insights and tailored
a curriculum to the specific needs of students at Freie Universität Berlin. Actively integrating the
leverage points provided by the international collaboration, contributed to the rapid realization of the
project in only two semesters. The exchange in the UAS network, as well as working towards success
with the network partners, strengthened their awareness for the sustainability discourse, as well as for
the support provided by the FUB top management and created opportunities for sustainability-related
innovation. Besides a strong commitment from the FUB leadership, the international network,
as well as reporting obligations to the donor facilitated swift implementation of the new competence
area “Sustainable Development”. As already indicated, the double responsibility of the Unit for
Sustainability and Energy Management for the UAS network, as well as for the sustainability
management at Freie Universität Berlin, played a key role for the internal advancement of sustainability
efforts at FUB from a governance perspective. As the Unit is also in charge of the coordination of the
new teaching format it was able to optimally interconnect both processes.

Additionally, the idea to generate a “Sustainability Toolbox” was driven by the UAS network as a
whole. The open source toolbox attempts to realize a joint digital teaching and learning platform for
the UAS partners and provides sustainability-related expertise to an interested public. Additionally,
it aims at facilitating a blended learning approach in on-site courses at the UAS partner universities.
Embracing the potential of digitalization in on-site teaching, cross-HEI teaching cooperation and active
involvement of the university community in building the toolbox, brought new momentum to the
network collaboration. In terms of sustainability, this platform should help to foster the virtual mobility
of students and teaching staff, as well as to increase the internationalization of the teaching curricula
on sustainability, by including content provided by professors involved in the UAS network.

Based on the detailed case stories of the HOCH-N and UAS network outlined above, Table 2
summarizes and contrasts their main commonalities and differences in a structured overview.
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4. Synthesis and Outlook

This article addresses two objectives. On the one hand, we suggest an analytical framework
that allows a more structured description of HEI networks (Table 1) and apply it to two exemplary
HEI networks for sustainability (Table 2). On the other hand, we provide insights on how a single
node within a network, namely a single university, can concretely contribute to and benefit from its
membership in an HEI network for sustainability. In the following, we first discuss the conceptual and
practical contribution, as well as the limitations and future developmental potential of the analytical
framework. Subsequently, we discuss the lessons learned from the two exemplary HEI networks
for sustainability—HOCH-N and UAS—and complement them with the outcome of the interactive
workshop at the ISCN Conference 2018.

4.1. An Analytical Framework to Facilitate Learning about Structures, Processes, and Outcomes of HEI
Networks for Sustainability

Networks are complex organizational and social entities. The 15 characteristics presented in
this article offer an analytical framework to systematically describe and differentiate the structures,
processes, and outcomes of HEI networks in general. Their applicability was tested in the context
of two concrete early-stage HEI networks for sustainability. The characteristics help to highlight
the essential features of each of the two networks. Furthermore, this structured representation of
networks facilitates learning between different networks and utilizing potential complementarities.
Learning enables improvement of the own network. Looking at the two case studies, HOCH-N could
for instance benefit from the experiences of UAS related to the different instruments to foster HEI
collaboration. The UAS network can benefit from the insights of the HOCH-N project and network
in the area of sustainability-oriented research, teaching, and transfer. Secondly, as universities are
often members or nodes of different networks, they can more strategically profit from them and use
their complementarities if the network profiles are more transparent. Besides HOCH-N, Leuphana
and Freie Universität Berlin are for instance both members of ISCN, which is also following a whole
institution approach but with a stronger focus on campus structures and activities. This focus links to
several activities of UAS and HOCH-N, yet are rather complementary in nature. Finally, characterizing
the landscape of networks in a specific area can also help to create a network of networks, in which the
different networking activities strategically complement one another so that both the single nodes but
also the landscape of networks unfold their optimal potential with regard to their overarching goal,
i.e., fostering sustainability. The characteristics have been derived from relevant scientific literature
but make no claim to be complete. To validate the characteristics, it is necessary to apply them to
further networks and to adapt and expand the framework accordingly. In the following, we will use
the 15 characteristics to discuss lessons learned from the two case studies and complement them with
the results from the interactive workshop at ISCN 2018.

4.2. Lessons Learned from Both a Meta- and a Single-Node Perspective on Two Exemplary HEI Networks
for Sustainability

The juxtaposition of the two exemplary networks has made it clear that, while they share
fundamental similarities regarding the characteristics #2 subject, #3 objective, #5 composition (in terms
of stakeholder groups involved) presented in Table 2, they also have different starting situations,
reflected in the characteristics #1 geographic scope, #8 homogeneity versus heterogeneity, as well as
#14 political and procedural context. In the following, we will introduce commonalities and
differences in lessons learned in an attempt to shed light on the overall question of this article on
how strategic networking for sustainability can be facilitated from the node perspective of a single
HEI-network member.
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4.3. Governance

Both networks work with a high degree of formalization (characteristic #9, Table 2), in that they
build clear governance structures, as well as define strategic goals and areas of activity. In both
cases, a clear decision-making structure proved decisive to goal-oriented and effective communication.
The leadership role is assigned to representatives of the executive boards of the member universities
in both networks. This highlights two network functions. On the one hand Leuphana University
Lüneburg and Freie Universität Berlin as node members utilize the political function, by forming
innovative collaborative groups with a clear commitment (characteristic #13 ethos, Table 2) to fostering
sustainability not in one or two fields of action such as research or teaching but holistically [6,8,19].
At the same time, the network collaborations proved to be incentivizing for mapping and accelerating
sustainability-oriented research (Leuphana) and teaching (Freie Universität) in their home institutions
(#15 outcome, Table 2).

The clearly defined subject and objective contributed to establishing a shared vision for the
network and aligned the activities of the network members (#2 and #3). The guiding principle of the
whole institution approach that shaped these two characteristics was well accepted and supported
by all network members. However, the commitment to this principle does not mean that it has
already been fully implemented in every member HEI. Both HOCH-N and UAS are characterized by a
great diversity of members, ranging from pioneering universities to members with well-established
sustainability strategies to beginners (#5 composition). This asymmetry needs to be addressed
transparently and balanced by a differentiated set of network instruments for mutual benefits.

4.4. Instruments

Common to both networks is a central network management (#6 organizational structure and
role of leadership), which is placed at one of the partner universities. Besides management and
communication tasks, the coordinators record network activities, build databases about existing
and potential contacts, and facilitate networking in regard to the overall strategic purpose of the
network. The UAS network works with a milestone and measure plan whereas defined work
packages are allocated among the six different working groups in the HOCH-N network (#9 degree
of formalization). In the initial phase, the focus was on taking stock. Workshops and bilateral
exchange (personal and virtual) were the main forms of collaboration (#10). In case of the UAS the
focus was on sustainability-related activities in all areas of the university, as well as on mapping
existing bilateral contacts. The working group research in the HOCH-N network concentrated on
mapping sustainability-oriented research activities across German HEIs. This process was essential for
establishing a stable operational working structure and ensuring successful build-up and upkeep of
the network. The information function of the network is evident in the close collaboration facilitated
in different but constant modes of interaction (#11), which contributed to the rapid exchange of
information among the network members, as well as at the node universities [19].

Most networks are constantly undergoing changes in composition. In case of HOCH-N, as
an explicitly open network (#7), this is especially true and can best be addressed by a transparent
communication of the central network management. The eleven founding HEIs, who spearhead the
different working groups (#11 mode of interaction and communication), take on a special role here,
as in the case of Leuphana University, new members were invited and introduced to the processes.
These initial exchange and interaction opportunities formed a basis for incremental trust building, thus
shaping the ethos of the network (#13). The UAS network on the other hand focuses on deepening
the ties with the strategic partner universities of Freie Universität Berlin (#11). While the institutional
composition remains (currently) constant, there was always a need for the renewal of relationships
as a result of staff and organizational changes (#12 developmental stages). These changes are quite
significant for universities, in particular concerning their governance structure. Identity building
measures, like the UAS mission statement, annual topics, strategic meetings in the starting period,
and constant communication helped to address these challenges. In the international framework of the
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UAS, the communicative and intercultural competence of the network team is just as decisive for the
success of the network.

4.5. Outcome

In order to keep-up and proceed effectively, e.g., to accelerate efforts for sustainability, HEI
networks need to constantly provide attractive conditions for their members. Besides offering
a professional and resilient network management, their members expect benefits for their own
development. Participants from HOCH-N benefit from topic- and demand-specific networking with
other university actors across Germany and receive early access to the contents of the research project.
They gain visibility for their sustainability projects and can strengthen their sustainability-oriented
reputation in the HOCH-N project and network. In the case of the UAS, the network offered members
the opportunity to deepen the already existing partnerships in an important future field that has
high integration potential due to its cross-cutting character. The joint efforts in research and teaching,
as well as the exchange of best practices in campus management, makes the UAS an incubator for
change at the respective home institutions. Additionally, UAS partners follow their transfer approach
and strive to be a sustainability model for other universities. Both case studies provide exemplary
insights in the political and psychological functions networks can unfold [19]. Network members find
themselves amongst a group of like-minded HEI actors working towards similar goals and can form
collaborative groups that are able to utilize leverage points at their home institution and beyond.

As pointed out in the results section, the network also contributed to the integration and
networking of sustainability-oriented research and teaching at Freie Universität Berlin. The active
engagement in the UAS network proved to be an innovative factor for the sustainability-oriented
efforts at Freie Universität Berlin. This innovation function could be successful because it was based
on a governance structure which ideally combined the UAS collaboration with the sustainability
management at Freie Universität Berlin. Additionally, the numerous networking events facilitated
peer-to peer learning and allowed participants to broaden their knowledge and acquire new
skills [1,18,20]. This implicit skills function of the network has decisively contributed to the ability of
stakeholders to implement innovative projects (#15 outcome) [19].

The question of concrete benefits derived from network memberships was also posed during
the interactive session of the ISCN workshop when participants discussed their expectations towards
HEI-networks for sustainability. For them the overall prospect of network membership was to create
new contacts, as well as to get inspiration for sustainability-related innovations at their own HEI.
More specifically participants were expecting to exchange best practice examples and lessons learned.

4.6. Outlook

This article has outlined the strategic outcomes a node university can have on the development of
a network, as well as the outcome a network can have on the sustainability strategy of a node university.
For the outlook and future development potential of both networks we need to iterate that third-party
funding was a necessary condition for the foundation of both. Including the subsequent funding it
allows the networks to develop for four (HOCH-N) to six (UAS) years (#4 resources). Once funding
expires, both networks need to find sustainable modes of communication and interaction. The question
of benefits for the participating HEI members will be of paramount importance. A roadmap needs to
be jointly established as proposed in the UAS Future Lab format. Furthermore, the contributions of the
stakeholder group of the ISCN workshop provide valuable recommendations. Participants identified
leverage points to advance HEI-networks and to strategically use them to foster sustainability at their
HEI. For the future advancement of existing HEI-networks, external feedback and internal peer-review
procedures were suggested to allow self-reflection, as well as to secure quality standards and efficacy.
Another recommendation was to strategically win HEIs with high international reputation as members
for networks. On the individual HEI-level, participants suggested to particularly mind the multiplicity
of exchange opportunities and to concentrate on active participation in selected networks.
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Despite the successes achieved during the development period, it will be a challenge for both the
HOCH-N and the UAS network to secure their existence after the funding phase. Ultimately, the future
of both networks depends on whether they succeed in proving and expanding their attractiveness
for the participating universities. Moreover, both networks must also prove their indispensability in
their respective political contexts. This will require not only feasibility studies in close coordination
with existing network members, but also close feedback to the respective political actors and potential
funding institutions.

5. Conclusions

This article presented conceptual and empirical insights into how single HEIs can support
and benefit from being a node in an HEI network for sustainability. The analytical framework of
15 characteristics introduced in this article has proven to contribute to the structured description and
analysis of two exemplary HEI networks for sustainability. It enables the specification of a network’s
purpose, as well as its structures, processes, context, and outcomes. The framework also shows that
social networks are complex entities that require a conscious and targeted design process, as well as
regular reflections on optimization potentials.

Furthermore, we derived a set of practice-oriented lessons learned from two case studies, as well as
from an interactive workshop at the ISCN Conference 2018. From a meta-perspective on HEI networks
for sustainability, we found: (i) The composition of actual members, applied modes of interaction,
available resources, and proposed outcomes are crucial aspects that influence the attractivity of
an HEI network for new members. (ii) Different network governance structures, clearly assigned
and distributed roles, consensus-based decision-making, as well as reliable, circumspect network
management proved to be decisive factors for successful and continued network operation.

From an integrated perspective on an HEI network and its single HEI nodes, we found:
(iii) (Co-)founders need to clearly highlight the benefits of membership and active participation
in order to attract members from the institutional to the individual level. Higher education institutions
can significantly increase the positive outcomes of a network membership at their institution by
systematically facilitating interinstitutional exchange, collaboration, and mutual learning among
its relevant HEI actors. In this context, a key finding from the UAS network, for instance, was
that interinstitutional exchange sparked inspiration and learning at Freie Universität Berlin and
subsequently the network itself was used as a means to accelerate sustainability-oriented teaching
activities at this university. (iv) Ensured financial support is key in the sensitive phase of a network’s
foundation and first development, often initiated by one or few HEIs. We hope that our analyses help
HEIs to be even more strategic in their networking activities, and existing and emerging networks
learn from and complement each other. Non-strategic networking runs the risk of wasting precious
resources on the individual and the institutional level, yet functional collaboration in networks has the
potential to substantially leverage the contribution of HEI to sustainable development.
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Abstract: The urgency of climate change and other sustainability challenges makes transferring and
scaling solutions between cities a necessity. However, solutions are deeply contextual. To accelerate
solution efforts, there is a need to understand how context shapes the development of solutions.
Universities are well positioned to work with cities on transferring solutions from and to other cities.
This paper analyses five case studies of city–university partnerships in three countries on transferring
solutions. Our analysis suggests that understanding the interest, the action on sustainability, and the
individual and collective sustainability competences on the part of the city administration and the
university can help facilitate the transfer of sustainability solutions across contexts. We conclude
that the nature of the city–university partnership is essential to solution transfer and that new
and existing networks can be used to accelerate progress on the 2030 United Nations Sustainable
Development Goals.

Keywords: sustainability; cities; universities; city–university partnerships; sustainability solutions;
capacity-building

1. Introduction

While only one of the seventeen United Nations Sustainable Development Goals (SDGs) explicitly
focuses on cities, the need for urban sustainability transformation underpins many of the other goals [1].
Municipal governments through their civic mandates and their long-term planning perspectives are
the primary institutions capable of addressing climate change impacts, decarbonizing transit systems,
transitioning to renewable energy, ensuring food access, and building more resilient and sustainable
communities for their inhabitants and visitors [2]. While the focus of this paper and the case studies
described is on cities, action by cities governments can have important implications for regions,
the structure and function of which are central to SDGs. The complex and uncertain nature of
current and future sustainability challenges and the transitions they require can be at odds with the
organizational logic of municipal structures and often require novel funding and planning mechanisms
to be effectively addressed [3]. To meet the SDGs by 2030, city administrations need to better utilize
their existing assets and build their capacity for transformation, and part of that capacity building
involves learning from other cities which have undergone similar transformations.
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This paper explores the role of city–university partnerships (CUPs) in overcoming some of cities’
challenges in addressing the problems of sustainability and resilience they experience. Universities
with sustainability expertise can be strong partners for cities interested in and incumbent to implement
sustainability measures [4,5]. CUPs are increasingly common in sustainability science and practice and
represent a new functional paradigm for both partners [6,7]. Through CUPs, university actors and
city administrations produce scientific and action-oriented knowledge that contribute to addressing
local sustainability challenges. Networks of universities and CUPs can facilitate the transfer of novel
solutions to other locales [8]. However, context does matter. Universities and cities alike are unique in
their composition, competence, and enthusiasm relative to engaging in sustainability problem-solving.
We hypothesize that key contextual factors exist across CUPs that, when understood, provide guidance
for the transfer of sustainability solutions between CUPs with different cultures, geographies, and
demographics. To test this hypothesis, this paper inductively analyzes five sustainability-oriented
CUPs in three countries. However, in advance of the case study analysis, the paper expands on the
new role of the university implicated by CUPs and how such partnerships can help universities deliver
on promises to generate social good.

Universities have traditionally been seen as producers of knowledge that is taken up by civil
society through formal and informal means of knowledge transfer. However, academia, and specifically
the scientific community, have been charged with a “new social contract” that urges science to tend to
the most urgent problems and generate knowledge to inform action [9]. Trencher and colleagues [10]
describe a complimentary shift, the augmenting of the university function beyond societally relevant
research to include knowledge co-production for sustainability with other societal actors that directly
attempts to transform specific geographic areas or sectors. Crow and Dabars [11] write about the New
American University which, similar to the global trend, recasts American, public research universities
as fundamentally responsible for the thriving of the communities in which they are embedded and, as a
result of this responsibility, to generating knowledge that can address societal challenges writ-large.
In the 21st century, many universities are seeking to go beyond consultation and embed themselves in
their communities and co-produce transformational knowledge for sustainability [12].

The paradigm of the embedded university developed alongside and helped support sustainability
science as an academic discipline with constituent research, educational, and outreach mandates.
Throughout the world there are university departments, centers, and degree-granting programs
oriented towards sustainability, where students and faculties take on more active roles in applied
research, capacity building, and communication of knowledge to the public [13,14]. Societal actors, too,
are reframed from passive recipients of knowledge to knowledge creators and essential partners in an
educational and research agenda capable of leveraging many forms of knowledge in service of better,
more sustainable futures. Sustainability science is situated in this paradigm and under this new social
contract between science and society in which societal values shape the scientific agenda and science
provides knowledge of use to society, often through co-production [15], and in strong alignment with
the 21st century university.

New institutional settings, such as (urban) transition labs, real-world labs, and science shops,
are on the rise [16–19]. These partnerships, spaces, and methodologies facilitate transdisciplinary
sustainability science while providing sustained support to solutions research and allowing for the
integration of knowledge from diverse cases over longer periods of time. The smart city movement
has also viewed cities as test beds for smart technologies [20,21]. New research seeks to integrate smart
and sustainable cities concepts and urban labs have been developed that utilize smart technologies in
the service of sustainability objectives [7,22]. To close the gap between knowledge generated in the
lab and the knowledge necessary for action in the real-world, these “living labs”, “transition labs”
or “real-world labs” are developed at the university–city interface [2,17,23]. These collaborations
between universities, cities, and sometimes corporate or non-profit partners allow researchers to study
the features and functions of sustainability-relevant systems in real-world settings and monitor their
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impact. These types of transformative planning and research approaches have been identified as
central to integrating and transforming both science and public policy to achieve the SDGs [24].

Partnerships between cities and universities challenge researchers to engage deeply with local
context in order for their work to contribute to sustainability. For the SDGs, this means utilizing
scientific methods to understand what moves cities and regions closer to achieving the goals,
rather than detailing how sustainability problems manifest. However, a focus on local barriers
and success factors can limit the generalizability of insights produced through these partnerships.
Sustainability science has been prolific in generating theories of urban system functioning, transitions,
and transformations but has struggled to achieve the vision of a transformational science that inspired
its establishment [25]. Achieving this vision is central to delivering on the SDGs. As the university–city
interface becomes crowded with labs and shops and partnerships, clarity is needed on what actually
creates sustainability outcomes. Additionally, to accelerate progress on sustainability challenges,
universities and cities need to learn from others, rather than unnecessarily repeat the mistakes of
their peers.

In this research, we hypothesize that key contextual factors exist across CUPs that,
when understood, provide guidance for the transfer of sustainability solutions between CUPs
with different cultures, geographies, and demographics. This transfer of solutions can accelerate
progress on sustainability and create the empirical link between the locally-embedded research
university and its global impacts [8,26]. To test this hypothesis, this paper inductively analyzes
five sustainability-oriented CUPs in three countries. The five case studies are part of the CapaCities
project, a network of CUPs funded by the Global Consortium for Sustainability Outcomes (GCSO)
(sustainabilityoutcomes.org) to (i) build capacity for transformational sustainability action in city
administrations; and, (ii) transfer and scale insights across different cities and universities. In analyzing
the partnerships and their distinct efforts at sustainability capacity building we derive a framework
for understanding CUPs that transcends context. We demonstrate how the framework facilitated the
transfer of insights across CUPs within the CapaCities network and provide recommendations for
other universities and cities interested in establishing such partnerships for sustainability.

2. Materials and Methods

To analyze the city–university partnerships (CUPs), the CapaCities project team conducted
two focus groups. These focus groups, held at the midpoint and endpoint of the year-long
collaboration, included university researchers who presented their research along with relevant
contextual information. Input from researchers followed the framework developed by Keeler and
colleagues (2016) [8] and included a presentation and accompanying table to facilitate synthesis and
comparability of insights. Tables 1 and 2 are an abbreviated version of that table.

Five case studies of CUPs for sustainability are described below. As a part of the focus group,
each university partner was asked to give a summary of the actors involved in the project, the project
goals, project process, their concept of sustainability capacity building, and the broader context for
their work (e.g., cultural, political, and geographic factors). Each partnership was focused on its own
sustainability problem and had developed a capacity building-focused solution, several of which
included stakeholder engagement workshops and one that included a sustainability walk, in response
to the problem at hand and the nature of the partnership. Tables 1 and 2 summarize each CUP
involved in the GCSO collaboration and the embedded sustainability capacity-building research that
was undertaken in year 1 of the CapaCities collaboration.
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2.1. Leuphana University of Lüneburg and Lüneburg, Germany

The city of Lüneburg and Leuphana University of Lüneburg (Faculty of Sustainability,
Professorship for Transdisciplinary Sustainability Research, Lüneburg, Germany) are engaged in
a project to realize the UN Sustainable Developing Goals on a local scale. Despite the long-standing
partnership, this is so far the largest collective transdisciplinary backcasting approach undertaken
within the city and includes a variety of actors at the science–society interface. The project addresses
five core topics, namely (i) joint planning and decision making, (ii) facing climate change, (iii) joint
economic collaboration, (iv) networking and provisioning, and (v) crafting city life. The layered
organizational project structure leverages the specific resources and expertise from each partner and
ensures ownership and commitment for the shared goal. The project steering committee consists of the
sustainability manager of the city, the local newspaper, as well as representatives of the civil society
and the research team. Topic specific field teams involve the research associates of the university,
academic experts, selected city departments, and partners from civil society. Additionally, two field
teams involve student research projects taking over the tasks of the research associates. The research
team works in close proximity to the city departments from a shared office space. In the first phase the
initial visioning process was dedicated to developing a shared vision for the city for the year 2030 and
beyond, engaging in a dialogue about the Sustainable Development Goals and their meaning for the
city of Lüneburg. During the second phase, intense preparation research by the university members
included a series of interviews to evaluate the city’s ongoing activities, and research to build a database
of worldwide good practices. A series of workshops for each core topic aim to evaluate together with
city departments, researchers, and members of local businesses and associations the feasibility and
adaptability of best practice to Lüneburg. They also allow for cross-departmental conversations about
challenges, institutional and legal conditions, as well as resources. The results inform directly the
development of concrete actions to achieve the vision und are supposed to initiate urban labs to set up
respective experiments.

2.2. Karlsruhe Institute of Technology and Karlsruhe, Germany

Karlsruhe is a city of about 300,000 inhabitants in the southwest of Germany, a wealthy region with
different industries. The city government has developed—partly in a participatory process—priorities
for its integrated city development plan which is structured mainly along the topics of the German
national sustainability plan which specifies the sustainable development goals for Germany. Based on
this, Karlsruhe was voted the most sustainable German city in 2015. Despite this deep rooting of
sustainability in city planning, day-to-day city development lacks an integrated understanding of
sustainability beyond ecological aspects, and the quality of cooperation between bureaus and with
civil society organizations (CSOs) varies widely. Karlsruhe Institute of Technology (KIT) is a leading
engineering university in Germany, known for energy research and data sciences. Sustainability
studies, though well established, are not yet as visible.

This project was led by the Karlsruhe School of Sustainability, in cooperation with the Institute
for Technology Assessment and Systems Analysis (ITAS) and embedded in the real-world lab “District
Future–Urban Lab”. It included partners from four city bureaus and one civil society partner. The aims
were to (a) support inter-bureau discourse on sustainability and cooperation with external partners,
(b) foster a broader understanding of sustainability beyond ecological standards, (c) make sustainability
more visible in the profile of KIT both externally and internally, and (d) contribute to building a
long-term cooperation between the city and KIT on sustainability issues.

The project has four phases: preparation, design and development, adjustment and
implementation, and public disclosure and reflection. It established a sustainability walk in Karlsruhe,
mainly through a transdisciplinary project course as phase 2. Teams of students co-developed the
route, supported by researchers and external partners, to address abstract sustainability issues in a
tangible, memorable way. Including city staff in this format is an unobtrusive capacity building process,
nevertheless addressing different, interconnected urban sustainability challenges and offering recurring
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opportunities for engagement. The project has been successful in establishing a broad understanding
of sustainability and in strengthening cooperation between KIT and the city, while supporting
inter-bureau discourse has been a moderate success. Enhancing visibility of sustainability within and
beyond KIT is part of a larger goal for the project, as faculty and students from KIT seek to establish
long-term, sustainability-focused collaborations with the city government.

2.3. National Autonomous University of Mexico (UNAM) and Mexico City, Mexico

The goal of the National Laboratory of Sustainability Science in the Institute of Ecology of
UNAM (LANCIS-IE) is to conduct transdisciplinary research and facilitate sustainability education
to link science and decision-making which can lead to sustainability transitions in the country.
This capacity-building project links LANCIS-IE UNAM to the Mexico City government, specifically
the newly formed Resilience Agency which has emerged from Mexico City’s participation in the
Rockefeller Foundation’s 100 Resilient Cities initiative. The purpose of the capacity-building is to
train Mexico City government employees in implementation capacity, to execute the new Resilience
Strategy for the city. Specifically, the Strategy calls for targeted resilience and sustainability planning
for Xochimilco, one of the 16 boroughs (delegaciones) in the city which contains the last remaining
wetland of the city (a current UNESCO World Heritage Site), and one of the epicenters of urban
sprawl, often informal. The capacity-building focuses on government officials working at various
scales and sectors in Xochimilco and, at the same time, assists in the planning process. The city
actors most involved in the Resilience Strategy come from the Secretary of Urban Development and
Planning, the Secretary of Environment, the Environmental and Regional Planning Attorney General’s
Office, the Commission of Water for Mexico City, and other local offices at the city and borough level.
UNAM is the largest and one of the most well-respected universities in Mexico, which means that it
has a high level of authority in providing information.

Competence-levels within the city government are generally quite low, reflecting the education
system and party-politics of Mexico City (the party in government is more important than the capacities
that they employ). City and borough governments rotate every 3–4 years which means that many of the
employees are rehired with the change of governments, making long-term planning difficult. Despite
these challenges, the current mayor positioned Mexico City in the 100 Resilience Cities consortium
and signed his support of the Resilience Strategy, which was launched in September 2016. UNAM has
a new graduate program in Sustainability Science, LANCIS-IE, and a research Institute in Ecosystems
and Sustainability, reflecting an overall university interest in sustainability. However, there are many
barriers to interdisciplinary, transdisciplinary, and applied work as well as initiatives that do not
result in publications, such as capacity-building and the facilitation of sustainability planning in the
public sector.

2.4. Portland State University and Portland, Oregon

The project focuses on capacity building for infrastructure management bureaus in the city of
Portland to execute collective planning and implementation efforts related to seismic and climate
resilience. The work is being driven by the Institute for Sustainable Solutions (ISS) at Portland State
University—a cross-university hub for fostering effective collaborations between partners in the
community, and students and faculty at the university. Currently there is significant activity and
planning that takes place within the individual bureaus related to resiliency, however, these planning
efforts tend to be siloed and not fully connected to the opportunities and constraints that the other
asset management bureaus face. This first phase of the project looked broadly at the bureaus that
are working on resiliency, which occurred through a series of in-person surveys. The second phase
was to host two workshops with teams from each of the infrastructure bureaus. These workshops
focused on facilitating conversations and joint work across the bureaus as it relates to opportunities
and challenges for seismic and climate resiliency. The workshops raise a series of opportunities
for cross-bureau investments and planning as well as specific guidance catalyzing and growing
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cross-bureau collaboration and planning on resiliency. ISS has provided convening expertise as well as
time and expertise from students and faculty to help execute the interviews and preparatory work.
When the effort began there was a small group of individuals from different bureaus interested in
advancing cross-bureau collaboration on resiliency planning and implementation. Meaning that in
this first phase the role of the university was closely focused on helping provide this group with
support to crystalize a vision for the project and launch the idea. The workshops have created specific
opportunities that can be acted on in future iterations of this project, which will provide opportunities
to leverage other capacities and expertise at the university, such as faculty research, internships, and
applied courses.

2.5. Arizona State University and Tempe, Arizona

The Arizona State University—the city of Tempe project focuses on building sustainability literacy
among city staff, developing a common language with which to discuss sustainability problems and
solutions, defining sustainability goals for the city and inventorying actions the city can and would
like to take to achieve those goals. At Arizona State University, the primary partners were the School
for the Future of Innovation in Society and the School of Sustainability The collaboration took the
form of three workshops, which used games to help build capacity for sustainability ways of thinking.
Participants were all department heads and project leaders with sustainability foci within the city
administration. In the first workshop, participants played a collaborative game called Future Shocks
and City Resilience [27] in which teams worked together to address chronic city issues and achieve
strategic priorities while responding to an unexpected social or environmental shock. The game
introduces sustainability ways of thinking and common sustainability vocabulary to participants and
helps build a culture of sustainability. In the second workshop, participants played a collaborative
role-playing game, AudaCITY, in which they reconstructed a strategy that was able to transform
their city into a model of sustainability. The game teaches players about the impact of achieving
sustainability goals on the urban environment and people’s lives and introduces players to the kinds of
actions available and necessary to make sustainability transformation a reality. In the third workshop,
a group of students in a global sustainability research course at ASU adapted AudaCITY for use in
developing a sustainable food economy for Tempe, a theme that emerged from the second workshop.
The third workshop included city and non-city actors and workshopped transferring local food
economy solutions from other parts of the world. The capacity building in the three workshops served
as the internal educational foundation for the city’s first Climate Action Plan, which is due to be
completed in 2019.

3. Results: Transferring Sustainability Solutions across Contexts

Analysis of the focus groups centered on the question of how these partnerships can learn one
from one another. The first focus group began with extensive sharing of demographic, historical.
and geographic information on the cities. While interesting, these factors proved less relevant for
understanding how solutions could be transferred between partners. Through dialogue followed by
inductive analysis of the cities and the universities involved in each CUP and the rationale informing
the structure of each partnership, the CapaCities team produced an inductive framework for specifying
key contextual factors when attempting to transfer solutions between partners. Tables 3 and 4
demonstrate how the framework was applied to the CapaCities CUPs. Following the development
of the framework and the application to the case studies, we demonstrate how conclusions about
structuring sustainability solution interventions can be informed by the framework.
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3.1. Key Contextual Factors for Transferring Insights across CUPs

In exchanging knowledge as a part of the CapaCities project, the CUPs identified four key,
contextual factors that once understood, facilitated the transfer of insights and solutions between very
distinct universities in very different cities, these include: interest in sustainability, individual and
collective sustainability competence, and action on sustainability. Interest refers to a university or
city’s expressed attention to and concern for issues related to sustainability. Individual competence is
the sustainability knowledge, skills, and attitudes possessed by an individual in an organization [14].
For sustainability solutions, individual competence refers to the knowledge and skills to design, test,
and implement sustainability solutions of researchers or city staff that are engaging in or could be
engaged in the partnership [6]. This is differentiated from collective competence which is defined
as the knowledge and skills possessed writ-large in an organization to implement sustainability.
As sustainability efforts in cities often involve many different departments (e.g., parks, transportation)
and many different focal areas (e.g., food, water, energy) understanding the collective sustainability
competence of the organization is key to designing interventions that can be feasibly executed.
Similarly, some universities have individual experts in aspects of sustainability who can partner
with city governments while others have sustainability departments or degree programs that offer a
breadth of sustainability expertise. It is critical to understand the relationship between individual and
collective sustainability competence in both cities and universities to understand how a partnership
can be developed and be effective at increasing the quantity and quality of sustainability actions in a
city. Finally, it is critical to understand what kind of sustainability action cities and universities have
already been engaged in. Previous actions can act as pathways for future action (e.g., a green bond
worked for updating water infrastructure let us try it for a light rail extension) but can also create
path dependence with which new solutions will need to contend. Table 5 expands on the framework
above, including guiding questions to analyze the individual and collective sustainability competence,
interest, and actions of universities and cities interested in partnering.

The framework presented above and exemplified through the case studies below provides
foundational questions for assessing partnership opportunities and potential sustainability solutions.
This assessment begins by looking at key contextual factors on both sides of the partnership,
understanding their history of working on sustainability, their capability to support effective
partnerships, and their interest in collaboration. Understanding the collaborative history of working
on sustainability issues helps ensure that the solutions chosen, in these cases—how sustainability
capacity is built—can be executed by the university and fit the needs of the city. The assessment of the
contextual factors for each case study are summarized in Table 3.
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3.2. Assessment of Key Contextual Factors for Case Studies

In order to assess how universities and cities can function as partners in adopting and transferring
sustainability solutions we describe the partnerships along each of the contextual factors and create
CUP profiles based on combinations of factors. Profiles contain recommendations for transferring
sustainability solutions developed by partnerships or cities with different profiles. These profiles
are by no means comprehensive of the suite of CUPs that exist, but they are demonstrative of the
way in which specifying the nature of the CUP can enable the transfer of sustainability solutions.
The framework and profiles exemplified through the CapaCities CUPs demonstrate how contextual
factors result in different design features for sustainability solutions research and different results in
terms of sustainability plans, policies, and projects enacted. The discussion illustrates the framework
aided transfer between CUPs and proposes how it can be utilized by other universities interested in
establishing long-term sustainability partnerships with cities.

Arizona State University and City of Tempe have a strong partnership, particularly because of
the mutually reinforcing interests and individual and collective competence. The city is interested
in building capacity across the organization to implement sustainability and ASU has a faculty that
is capable of designing and implementing such engagements and has an interest and institutional
incentives to do so. While ASU has an established sustainability degree program, sustainability is a
relatively new priority for the city government. In transferring solutions from other locales, this CUP
should consider whether or not the solution requires collective capacity on behalf of the organization
or a track record of sustainability action. If so, there may be need to have some intermediate steps,
such as sustainability capacity building, and developing of pilot projects to boost sustainability action,
to facilitate the transfer of solutions.

Portland State University and the City of Portland also have a strong partnership, with particular
success in the reinforcing of sustainability actions. Portland State has the motto “Let Knowledge
Serve the City” and has, over the last 10 years, established a robust partnership in the city that fulfills
that call in the service of sustainability in the city. When transferring solutions to Portland, it is
critical to consider whether the solution produces an outcome that has already been achieved within
the city and whether or not there are, existing, in-city resources that could be leveraged to serve
the goals. Complementarily, when adopting solutions from a city like Portland with an established,
strong partnership it is critical to ask what activities preceded the solution and laid the foundation for
its success.

Karlsruhe Institute of Technology and the City of Karlsruhe have a potential for partnership.
Strengths including the high sustainability competence of the city and the university. However,
the city does not recognize KIT as a strong partner for sustainability and Karlsruhe’s track record
of external recognition for their sustainability efforts may not incentivize engaging in collaborations
with the university. When transferring solutions to this CUP it is essential to consider what kind of
relationship building is necessary to establish a strong, long-term partnership and enable successful
co-development of sustainability solutions—informed by efforts in other CUPs.

Leuphana University of Lüneburg and the City of Lüneburg have a strong partnership with
complementary interests and competence. Continuously engaging the city in transdisciplinary student
research projects over the last eight years and several externally funded research projects established a
strong partnership. This engagement draws a lot on the collective competence of the university and
individual competences in the City of Lüneburg. In order to move this CUP forward, several steps
might be necessary, such as strengthening the collective capacity in the city by drawing on the
availability of the faculty of sustainability or aligning collective action of the partnership in order to
increase the number of coherent sustainability actions in the city.

UNAM (and especially LANCIS-IE) and Mexico City also have a strong partnership, in the
sense that the university has a strong tradition and role in local and national issues and is generally
highly respected. However, this role is not necessarily directed specifically towards sustainability
and resilience efforts. There are also different priorities within the city from the local to the city level,
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which means that solutions must be co-produced and proposed with sensitivity given the different
needs throughout the city. The university can assist in building alliances across sectors and actors with
the Resilience Agency, and given its role, can even strengthen the agenda of the Resilience Agency.
However, the Agency is only one office within a larger government, and there is still the challenge of
engaging the broader city government at various scales.

Many of these partnerships begin with a catalytic activity that is important for building a working
relationship and for both parties to better understand the culture of the other organization. In choosing
a project, it is helpful to fit it into a larger framework of change. For example, Portland State has focused
its partnership with the City’s Bureau of Planning and Sustainability around the implementation of
their Climate Action Plan—a 30-year vision for a low carbon and climate resilient city. This was chosen
because it contains a wide and diverse set of projects that staff have the responsibility to implement,
which helps ensure that projects have a strong and responsive partner (because the project is mission
critical). The actions in the Climate Action Plan also line up well with expertise and interest of faculty
and students at Portland State—ensuring that there is a supply of students and faculty to meet the
demands coming from the city. Arizona State University and Tempe also have a partnership that
includes students and is oriented toward generating a climate action plan. The partnership, though,
is different and this informs how insights from Portland are transferred to ASU. ASU is a global leader
in sustainability research and education and also has a strong desire to build meaningful and impactful
partnerships. They have a partnership with the city of Tempe, which has limited experience with
sustainability initiatives (when compared to other cities, such as Portland or Karlsruhe) and has some
experience and interest in partnering with the University. In this case, ASU has the individual and
collective competence and interest to take on more complex and advanced sustainability partnership
activities, while the city may not yet be ready. Therefore, the focus is on capacity building to support
the City of Tempe in understanding how climate action fits with the city’s other strategic priorities,
rather than on delivering the full breadth of expertise offered by ASU. In learning from PSU and
the City of Portland, ASU–Tempe has been keen to adopt strategies from Portland that inform the
process of creating a climate action plan rather than adopting the actions themselves. In contrast,
Portland State University has high levels of capacity, interest, and expertise, and they are partnering
with a city that also has high levels of interest, capacity and expertise. As a result, the partnership
projects that are undertaken are more complex and oriented toward more ambitious sustainability
goals than many other city–university pairs. For these two different cases, the framework helps clarify
the context, constraints, and opportunities that face a partnership. This information can be used to
quickly identify which approaches can be brought to or from another context, and which strategies
would not be applicable. It is unlikely that a strategy can be directly transferred, meaning that some
adaptations will need to be made to fit the unique context of the transfer site.

4. Discussion and Recommendations

The framework in this article can help support solution transfer from one city–university pair to
another. We define transfer as a one-to-one relationship that enables an effective strategy from one
place to be applied in another place/context. We find that the framework is a useful tool for continuous
learning and improving efforts that occur between city–university cases and also within a specific case.
Establishing a common language allows for different universities–city pairs to provide support to each
other on sustainability solutions and approaches in a systematic way. In these projects, significant
focus is placed on the capacity to be built within the city (such as supporting the development of a
new plan or policy) and those outcomes are usually balanced by the outcomes on the university side
(student experience, research, etc.). However, less focus has been placed on the capacity building at
the university and the city for executing effective partnership work. From our specific analysis of
these case studies we have several recommendations for other city university partnerships that wish
to transfer insights from their peer institutions.
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• First, if interest is high at the university but low at the city, focus on developing the key
relationships with personnel in the city government while developing the university’s own
individual and collective competence. Focus on bridge building. Strategies include utilizing
students as interns in the city who can perform essential functions and build relationships,
demonstrating that the university can be a strong and consistent partner.

• Second, if interest is high but action is low (regardless of competence), the university can provide
the city with a platform to discuss their work. The university may be able to help the city or
people within the city elevate sustainability efforts, providing legitimacy.

• Third, if individual competence is high but collective competence is low at the university, there
can be a focus on developing strong teams of students and conducting educational research
activities, i.e., designing courses in which students conduct research on aspects of sustainability
relevant for your city.

• Fourth, if competence is low at the university and low at the city but there is
interest in sustainability action, university partnerships and networks can be leveraged to
increase competence.

• Finally, if all features are high at both the university and the city and there is collaboration
established, strike while the iron is hot. Seek to maintain stable collaboration, focus on building
the resiliency of the partnership. Create redundancies in expertise and in relationships, overlap
competencies and understandings about the partnerships, and establish a transparent flow of
information where processes and results are documented in areas accessible to all partners.
Provide expertise to other cities and universities to help them achieve their sustainability goals.

The importance of solution transfer between cities, as well as regions, is critical to accelerating
progress on the SDGs because effective solution transfer can save time, financial resources, and political
capital so that high impact, high value strategies can be pursued.

There are also a number of potential applications of the framework beyond solution transfer. First,
the framework can be used to assist with partnership diagnosis and strategy development, continuous
improvement and learning, strategy transfer, and strategy scaling. Second, it can be used to determine
the solution-readiness the city, university, and the partnership by helping to identify where synergies
and gaps exist in experience and competence. Third, it can serve as a guide for conversations about an
overarching framework for a CUP to facilitate stable rather than episodic engagement [4,28]. Finally,
the framework can serve as a common language that integrates across multiple cases of university–city
partnerships for sustainability, amplifying the transfer of sustainability solutions.

The framework that was developed through our two focus groups and applied to the cases has a
number of strengths as well as limitations that limit its generalizability. First, it was developed looking
in depth at five case studies, but this analysis was primarily performed by the researchers, often with
consultation from city partners. Research is ongoing to analyze the variance in partnership and project
evaluation between city and university partners. Second, the framework did not examine the totality
of relationships that each university has with each city nor did it focus on other important actors,
such as those in civil society. For example, KIT has extensive partnerships ongoing with the City of
Karlsruhe and civil society actors that are not directly related to sustainability, and this is true to varying
degrees in each case. By focusing exclusively on sustainability-oriented CUPs, the framework may
not account for some of the underlying political and partnership dynamics that shape how solutions
are developed and partnerships are pursued. Third, each of the CUPs is focused on capacity building
as a sustainability solution; so, there is a need to examine how the framework applies to other types
of sustainability solutions. To this end, the recommendations in this paper have been fed back to the
Global Consortium for Sustainability Outcomes to facilitate the transfer of insights across other CUPs
working on different types of sustainability solutions. Monitoring the applicability of the framework
in these cases is ongoing. Finally, these partnerships are explicitly focused on universities and city
administrations and therefore do not address the critical relationships that both have with regions,
which are a critical scale and point of intervention for making progress on the SDGs. The authors look
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forward to and invite opportunities to further test and refine this framework with other cases and in
collaboration with city partners.

5. Conclusions

As cities and countries strive to meet the 2030 Sustainable Development Goals, there is a need to
accelerate progress by sharing solutions. While geography, demographics, and politics are relevant
for developing sustainability solutions, the CapaCities projects indicate that there are more important
factors that, once understood, can facilitate the transfer of solutions between very different locales.
City–university partnerships (CUPs) are increasing in their prevalence and intensifying their focus
on sustainability transformation. Sustainability and partnership networks (e.g., National Adaptation
Forum, the Urban Sustainability Directors Network, the Network of Programs in Sustainability,
the Association for the Advancement of Sustainability in Higher Education, etc.) can help share
sustainability solutions, accelerating progress by allowing cities and universities to learn from
one another. To transfer solutions, it is critical to understand the interest, the previous action on
sustainability, and the individual and collective competences that exist at both the university and the
city level. While there are a number of important factors that have to be re-specified when solutions are
transferred, how such an initiative is inspired, developed, and implemented, depends profoundly on
the knowledge, skills, and attitudes of the people involved. Through the CapaCities project, we have
found that understanding the partners and the partnership is key to this acceleration. It is through
these relationships that we are able to learn from one another and make progress on sustainability.
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Abstract: The Paris Agreement and SDG13 on Climate Action require a global drop in Green House
Gases (GHG) emissions to stay within a “well below 2 degrees” climate change trajectory. Cities
will play a key role in achieving this, being responsible for 60 to 80% of the global GHG emissions
depending on the estimate. This paper describes how Research and Innovation (R&I) can play a key
role in decarbonizing European cities, and the role that research and education institutions can play
in that regard. The paper highlights critical R&I actions in cities based on three pillars: (1) innovative
technology and integration, (2) governance innovation, and (3) social innovation. Further, the research
needed to harmonize climate mitigation and adaptation in cities are investigated.
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1. Introduction

Cities account from 60 to 80% of global CO2 emissions, depending on the estimates [1]. In the
European Union, around three quarters of the population lives in cities, but this share continues to
increase [1]. It is clear that the achievement of a “well below 2 degrees” climate change trajectory,
as required by the Paris Agreement [2], will need cities as key actors.

Furthermore, cities are the “melting pots” where decarbonization strategies for energy, transport,
buildings, and even industry and agriculture coexist and interact [3]—hence the potential for sectorial
integration is especially high. Local expertise, density of infrastructure, and the possibility to leverage
economies of scale are some of the many reasons to focus on cities in the European decarbonization
challenge. In many cases, cities have also launched decarbonization plans that are more ambitious
than the national plans. An example is the Covenant of Mayors programme, originally an EU initiative,
which to date organizes 7755 cities in ambitious decarbonization commitments from cities around the
world [4].

In this context—where city action is both needed and increasingly taken—it is crucial to examine
and understand where and how research and innovation (R&I) is needed to support cities in
accelerating decarbonization efforts, and then to plan an R&I agenda accordingly. From the academic
community, research and development agendas have been proposed for several aspects of urban
sustainability. These include suggestions on the future of urban ecology research [5], an agenda for
cities as smart interconnected systems [6], as well as proposed efforts to enhance urban climate change
adaptation [7] and resilience [8]. Further, methodology-specific research agendas to accelerate the
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transformation to low carbon cities have been proposed for “urban ecosystem modeling” [9], “urban
living labs” [10], and future energy analysis of the built environment [11]. Most of these include
some aspects on how urban societies can transition into sustainable cities with low or zero climate
emissions. However, an overarching R&I agenda centered on how research and innovation institutions
can support the decarbonization challenge in cities is missing. The New Urban Agenda [12] spans all
spheres for urban sustainable development and stresses the importance of climate change mitigation
(and adaptation) actions from several perspectives. However, its focus lies primarily on politics and
governance. It emphasizes the importance of science and academia (in particular related to the need
for social, technological, digital, and nature-based innovations) but does not guide city actors or the
scientific community to specific R&I needs.

Many scientific studies on urban-centered climate change mitigation also analyses or review
political, technical, or economic measures to curb urban emissions. One study [13] emphasizes that
equitable access to low carbon solutions for all (including low-income) urban populations is important
for cities to substantially reduce Green House Gases (GHG) emissions. Another study [14] provides
analysis of per capita GHG emission of city dwellers in different parts of the world and stresses the
importance of emission inventories as a starting point for effective urban climate mitigation. Another
study [15] shows how the diversity of (22 studied) cities lead to diverse collections of solutions to
effectively reduce emissions. They argue that acknowledging such specific city characteristics can
provide additional policy options for nation states in their climate mitigation efforts. This is especially
the case for measures that can be directed towards urban infrastructure development and that go
beyond carbon pricing or other broader market instruments.

A decade-old study [16] called for future research to adopt an integrated system perspective,
integrating all sources, sinks, and opportunities for infrastructure and technology for carbon
management of cities. Such research should account for the potential multiple benefits of climate
change mitigation in cities (such as combined mitigation and adaptation actions) and identify efficient
urban carbon governance (by ascertaining who can influence the urban carbon mitigation, and by
what extent). In recent years, initial assessments of such multiple benefits have been assessed related
to selected urban sustainability measures [17].

Another complication is that cities in the European Union are very diverse (in terms of technical
context, affordability of low carbon investment, governance, etc.). What works in one city does not
necessarily work in another. Approaches to the decarbonization of cities are also diverse. To exemplify
such differences, this paper compares three EU cities, one in the North of the European Union
(Stockholm), one in the South (Barcelona), and one in the East (Warsaw).

However, to date there is a lack of a holistic view on how R&I actions could evolve in the future
to support low- and zero-carbon efforts in very diverse European cities. To overcome this research gap,
the aim of this paper is to provide an overview of key areas that will need research and innovation to
support the decarbonization challenge in the European Union, and to select a number of actions that
are perceived to be critical to achieve zero-carbon cities in the European Union. First, the methods for
such assessment are presented. Then, selected R&I actions in cities are categorized into three areas:
(1) innovative technology and integration, (2) governance innovation, and (3) social innovation. Finally,
the paper explores the holistic challenge of climate action in cities, and the role of diverse actors in
such a challenge, with a focus on higher research institutions.

Diverse Challenges and Low-carbon Solutions in Diverse Cities

Table 1 presents key decarbonization parameters for three European cities: Stockholm, Barcelona,
and Warsaw. It shows how action on decarbonization is motivated and organized differently in
the three cities. Two main differences appear: (1) how the city governance powers can influence
decarbonization planning in cities. The cities’ regulatory powers vary significantly across cities; (2) the
approach taken on climate action. This point varies in terms of targeted sectors and focus.
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Table 1. A comparison of three diverse European cities. Content adapted from a previous study [3].

Parameter Stockholm Barcelona Warsaw

Population (within
city boundaries) 950,000 (2017) 1,628,936 (2018) 1,758,143 (2017)

Jurisdiction

Strong mayoral powers
regarding buildings, city roads,

land use, and water. The city
owns most of the land, and gets
its financing from income taxes.

The city has strong powers
and ownership over public

buildings and urban land use.
However, it has limited power
over the city´s energy supply,
and partial powers over the

transport infrastructure.

Strong local government
policy powers and

ownership over public
buildings, transport

infrastructure, roads, and
water systems.

Key plans acting on
decarbonization

The actions for reducing
emissions in Stockholm have

been centered on heating,
transport, waste, electricity, and
gas. The city also has a focus on

testing new low-carbon
solutions in selected

neighborhoods, and to then
expand effective ones to the

whole city.

Most of the policies that will
decrease emissions in

Barcelona are not specifically
addressed at climate change

mitigation, which features as a
cross-cutting issue across

policies, but rather at
improving the local air quality

and the livability of the city.

Focus on efficiency,
transportation, and public

awareness.
Behavioral changes were

promoted through
targeted incentives, which
were well received by the

local population.

2. Materials and Methods

This paper aims to review the current need for research to support the decarbonization of
European cities. The methods used can be summarized as an expert-driven, semi-structured literature
search guided by experts in the field, developed in the context of the High-Level Panel of the European
Decarbonization Pathways Initiative [3,18].

The steps to arrive at the results presented below are the following:

(1) The experts, composed by the authors of this paper, the members of the High-Level Panel of the
European Decarbonization Pathways Initiative [3,18], and other members of the H2020 DialoguE
on European Decarbonisation Strategies (DEEDS) project, decided on the categorization of the
R&I actions in cities trough facilitated discussion over several meetings. Three pillars were
selected to categorize future R&I actions in cities: (1) innovative technology and integration;
(2) governance innovation; and (3) social innovation. For each of these pillars key R&I actions for
cities to become zero carbon by 2050 are proposed. While there are clear connections in topics
in these three pillars (e.g., governance needs social innovation and citizen participation), these
pillars were deemed useful to categorize and divide R&I actions.

(2) The authors of this paper did a structured literature search for each of these pillars targeted
at (a) capturing the current state of the art in R&I for European cities’ decarbonization and (b)
identifying key R&I gaps for the decarbonization challenge in the European Union´s cities.
The authors of this study did not do a comprehensive literature review of all aspects of
decarbonization in cities, but a targeted literature review aiming at capturing points (a) and
(b) above. For instance, studies looking at which are the most promising technologies for
decarbonizing a sector in cities (e.g., heat) were included, but studies going into detail for a single
promising technology (e.g., geothermal heat pumps) were not comprehensively reviewed to limit
the scope of the study.

(3) The state-of-the-art and R&I gaps discussed above were presented and refined during
several meetings, including all the “experts” defined in point 1, during regular meetings for
approximately one year. At each meeting, research priorities were discussed and iteratively
refined through additional targeted literature reviews and facilitated discussions.

(4) Consensus was reached on the R&I priorities discussed below.

The resulting R&I actions presented below have neither the scope nor the ambition to provide
an exhaustive assessment of all the sectoral and cross-sectoral decarbonization challenges in cities.
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They represent a deliberate selection of topics that the experts involved in this paper consider of
primary relevance for the design of a successful R&I strategy for decarbonizing EU cities. The R&I
actions look at how GHG emissions can be decreased in cities with various actions (“decarbonisation
achievements”), with the aim of achieving zero carbon cities by 2050; “zero carbon cities” mean cities
that are carbon neutral, encompassing all direct and indirect emissions within their boundaries.

3. Research and Innovation Actions for Decarbonizing EU Cities

3.1. Key R&I Elements within Innovative Technology and Integration in Cities

As seen in Table 1, cities are heterogeneous across regions. Even within cities, building stocks
in different areas differ in energy efficiency and level of digitalization. However, this Section
identifies some common aspects on the role that innovative technology and integration can have
in the decarbonization challenge. Those are categorized under the broad umbrella of smart cities,
circular economy, and innovative technology development. While these three concepts are closely
interconnected, they are divided here as they represent three interconnected but independent streams
of research in literature.

3.1.1. Smart Cities

The first recurring key concept for the integration of low-carbon technologies in cities is the
concept of “Smart Cities”. A smart city is a city that is technologically interconnected through a
network of sensors, IT platforms, open data, and programs that serve to make life within the city
more efficient [3]. Smart city projects are diverse, and range from apps for reporting road defects,
to the integration of electric vehicles into the city grid balancing [19]. While smart city concepts
are being developed every day, there is a need to continue integrating innovative technologies and
Innovation and Communication Technologies (ICTs) in the urban system, and to test those solutions
in diverse cities. This could include both different designs and technology options, including from
smart thermal grids, multi commodity grids, and mobility-as-a-service measures, but also smart
lamp posts or smart bins that reduce consumption of energy. It is especially challenging to develop
smart cities with new and innovative infrastructure within existing urban systems. There is a need
to connect with the existing, sometimes decades- or even centuries-old infrastructure and building
stock. Strategies are needed to overcome the trade-off between replacing existing infrastructure with
completely new, and potentially expensive, infrastructure; or integrating less-revolutionary solutions
that do not significantly challenge the existing interests and system.

3.1.2. Circular Economy

Circular economy (CE) is another key concept often mentioned to decarbonized cities. CE is
related to the concept of smart cities, as the former can help enable the circular economy. While the
term is used often, there is yet no consensus on the definition of circular economy [20]. By comparing
114 definitions, one study [21] defines circular economy as: “an economic system that is based on
business models which replace the “end-of-life” concept with reducing, alternatively reusing, recycling,
and recovering materials in production/distribution and consumption processes, thus operating at
the micro level (products, companies, consumers), meso level (eco-industrial parks), and macro level
(city, region, nation, and beyond), with the aim to accomplish sustainable development, which implies
creating environmental quality, economic prosperity, and social equity, to the benefit of current and
future generations.” Depending on the implementation of CE, it is estimated that it could have different
impacts on EU energy usage and emissions. One study [22] estimates that CE could reduce the global
primary energy demand by 5% to 9%. Another study [23] estimates that CE could reduce global
and EU primary material consumption by 32% and 52%, respectively, by 2050. CE tends to use
different technologies, both mature and innovative. Given the wide array of possible solutions, further
research will be needed on the technologies that enable CE and how they interact. Waste management,
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digitalization, district heating, and transportation optimization are some of the topics that best relate
circular economy with technology [3]. Further, knowledge-sharing on how CE is developed in different
cities and countries will be essential to understand differences and capture best practices. This should
include not only technical aspects, but also financing, governance, and social engagement practices.

3.1.3. Heat, Electricity, and Energy Efficiency Technologies

Finally, more research, innovation, and testing will be needed to understand which (and how)
technologies can be used in cities to decrease emissions. The innovation in technologies could be in the
technology itself, but also an innovative way of using a mature technology. Furthermore, all of these
technologies can be used in conjunction as pieces of smart city and circular economy concepts.

Here, there will be a need to share best practices in building efficiency. In fact, while across the
European Union, building efficiency has been rising in time, and the European Union has set the target
of having all new buildings nearly zero energy by 2020 [24], most of Europe’s existing building stock
has yet to be affected by energy performance requirements [25]. Continuous research and innovation
will be needed to promote both the refurbishment of existing non-efficient buildings and the design of
innovative strategies for near zero-energy buildings [3]. That will also include the design of new smart
urban spatial strategies when new cities and quartiers are expanded.

Furthermore, with cities being hotspots of energy demand, R&I is needed to understand cities’
roles in the local production of electricity and heat. For local electricity production, solar, bioenergy,
waste, and wind sources can be harnessed. As for heat, several renewable heat sources can be
integrated. Biomass-based CHP, solar thermal units, and waste-to-energy technologies are some
of the most mature technologies currently used. In addition, geothermal energy is currently being
investigated for its integration in urban areas [26].

3.1.4. Suggested Medium-Term R&I Actions for Innovative Technology and Integration

In Figure 1, some key actions are selected for the R&I on innovative technology and integration
for decarbonization of cities in the European Union. The first need is to map and disseminate best
practices in technologies and strategies for decarbonization in cities. Many cities are developing new
innovative approaches, for example to circular economy, and transmitting the lessons learned is key to
upscaling such innovative decarbonization solutions. There is a need to understand how renewable
energy, electric mobility, and efficient and smart buildings can be integrated in a single city “organism”.
Smart city concepts and digitalization can provide the tools for integrating such systems in cities.
R&I should also explain how this integration could differ in cities that vary by location, size, existing
building stock, and transportation infrastructure. Finally, the European Union should engage in a race
to the top in cities by developing a series of zero-carbon living labs, where new zero-carbon urban
solutions can be tested and replicated.

Figure 1. Key identified actions for innovative technology and integration for decarbonization in EU
cities [3].

3.2. Key R&I Elements within Governance Innovation in Cities

The process of shaping the low-carbon transition in cities needs a paradigm shift from formal
authority or governmental planning to governance [27,28]. Governance is here defined as “the totality
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of actors, rules, conventions, processes, and mechanisms concerned with how relevant risk information
is collected, analyzed, and communicated, and how management decisions are taken” [29]. Using the
concept of governance thus enables a holistic view to low-carbon transition in cities that cuts across
micro-, meso-, and macro-scales, and across all kinds of institutions, responsibilities, rules, and norms
in the broadest sense.

A holistic view of governance of low-carbon transition in cities also implies that action is required
across multiple sectors and across technical and societal domains. As cities are “melting pots” for
various types of infrastructures, integrated urban planning and cross-sector governance are key in
order to go beyond sectoral silos and identify the opportunities and benefit from the synergy of
coupling various sectors. Fundamental and systemic transition to low- and zero-carbon cities also
requires multiple sectors innovating together and involving social innovation (see the next Section).
For example, as mentioned above, a circular economy requires reducing, reusing, and recycling waste
or recovering materials, whereas some of the waste streams can be used to produce heat, electricity,
gas, or fertilizers. A radical transition from personal vehicles with internal combustion engines to new
transportation concepts with public transport, car sharing, bicycles, walking, and electric vehicles also
cut across the areas of transportation, energy, land-use planning, privacy, safety, and so on. The end-use
technologies and social innovations tend to be marginalized so far as compared to technical solutions,
especially in the energy supply or transportation domains [30,31]. Citizens are the main users of
city infrastructure and the main drivers of consumption of energy, goods, and services. Transition to
carbon-neutral cities, thus, should also include citizen-centric innovations, such as diet changes [32],
sharing economy [33], device convergence [34], more sustainable forms of consumption [35], and many
others (citizen social innovation is discussed in detail in Section 3.3).

Local government still has a pivotal role to play in this multi-actor governance process [36].
They can create a shared, ambitious long-term vision of the low-carbon transition as a way to align
the actions of multiple actors towards the same goal [37,38]. When in line with global climate targets
but still adapted to the specific local context, visionary concepts are powerful tools because they are
endorsed by multiple actors, and hence help mobilize these actors and resources [39]. Examples of
such visions are the concepts of a smart city, a circular economy, and a zero-carbon or 100% renewable
energy city. Local government can also take a variety of other actions, such as implementing regulatory
standards, providing financial incentives, joining public–private partnerships, organizing information
and networking events, and so on. In fact, local governments are arguably the right actor to also reach
out to the citizens at large, due to their stronger connection to the citizens than national governments,
industrial actors, or NGOs [40]. Local governments could, for example, organize processes to find
their citizens’ low-carbon vision that is broadly legitimized and realistically implementable through
public participation processes [39,41]. Furthermore, the analysis of climate activities in global cities
showed that new governance schemes are emerging and often involve closer cooperation between
public government and private bodies [30]. As illustrated in Table 1, European cities are very diverse.
Not only are the challenges or low-carbon solutions different across Europe, but also the regulatory
power of cities and the available means to finance or enable financing of low-carbon action. In all cases,
the regulatory power of cities is limited and city governments have to interplay with regional, national,
and European-level authorities.

Suggested Medium-Term R&I Actions for Governance Innovation

Given this state-of-play in European cities in the context of low-carbon transition, three R&I
areas for governance innovation are needed (Figure 2). First, as European cities are diverse in their
challenges, solutions, and governance situations, it is important to map the current approaches and best
practices to low- and zero-carbon urban governance mechanisms that are used by local governments
and other actors. For example, innovations on urban planning strategies are needed for revitalizing or
extending existing city neighborhoods and to integrate low-carbon solutions across various sectors
from the start, such as renewable energy, low consumption, green areas, and other carbon sinks.
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Successful examples of developing broadly appealing low-carbon visions with quantified targets and
then new innovations for systemic monitoring of implementation should provide information on
what works when and where. It is key that any successful examples and monitoring outcomes are
documented in a holistic way that allows for transferability and comparison across many cities in
Europe. In this way, lessons learnt and best practices can be transferred from one city to multiple others
with similar situations, despite the European diversity. Strategic partnerships between universities,
local governments, as well as other stakeholders with the relevant data and tools, could be created to
ensure a thorough, data-driven documentation of available governance strategies and their assessment.

Low-carbon transformation in European cities also needs R&I on new tools for financing,
incentivizing, initiating new business models, and maximizing information to scale the successful
solutions. Many of the current tools are not optimal for holistic, low-carbon measures, because they
do not yet cut across sectoral silos, supply and consumption, or technology and society. In terms of
multi-actor governance, the current tools also often target one type of actor with their specific powers
and responsibilities. R&I could be used to create and assess new types of procurement procedures,
public-private partnerships, or public entrepreneurship activities. Citizens can also be further involved
as agents of change through measures like participatory budgeting or citizen-run community projects.
It is key to understand how the various types of measures interact, from regulation to incentives or
information. Universities could contribute here with a collection of independent evaluative evidence
for the assessment of these measures.

A far-reaching and fast low-carbon transition in European cities also requires optimization of the
role of local governments that are in a network with a multitude of other actors. R&I is, therefore,
needed to craft processes of the vertical, multi-level governance that allows the governments to
bridge the European Union directives and national policies with local interests, ranging from citizen
engagement to the stakes of local companies. The coordination and integration of policy actions
and instruments across local, national, and European scales in order to steer their interplay towards
low-emission outcomes is key. As citizens of European cities are instrumental to city decarbonization,
vertical, multi-level governance processes shall necessarily account for the European citizens’ vision
of a low-carbon future, low-carbon lifestyles, and social innovations. Through such long-term vision
exercises, governments could pilot new ways to leverage resources across various types of public and
private actors for productive zero-carbon innovation.

 
Figure 2. Key identified actions on governance innovation for decarbonization in EU cities [3].

3.3. Key R&I Elements within Social Innovation

Social innovation can boost bottom-up decarbonization in cities through local initiatives from
citizens or citizen collectives. Social innovations are the result of the action of creative individuals
or groups who are able to find innovative solutions to social problems in the community that are
not adequately met by the local system. Those, in turn, can also result in governance change and
innovation (discussed above). Local initiators act on the social needs and are skilled in finding
novel ways (business models, ways of collaboration, funding mechanisms, etc.) to solve the issue.
The social process that is initiated in this way, at the same time fosters the local capacity to solve the
issue. In this way, social innovation creates new ideas for zero-carbon products, services, new social
relationships, or innovative ways of organizing and collaborating that fit in the specific local context.
It includes the empowerment of bottom-up initiatives, the embedding of (new) technologies in the

66



Sustainability 2019, 11, 1692

socio-cultural sphere, achieving behavioral and social change, and improving social systems on a local
or urban level. With this diversity of topics, social innovation is a rather broad field of research and
innovation, and “has become characterized by conceptual ambiguity and a diversity of definitions
and research settings” [42]. There seems to be an implicit agreement that an overarching definition of
social innovation should contain two “core conceptual elements”: (1) a change in social relationships,
systems, or structures, and (2) that such change serves a shared human need or goal, or solve a socially
relevant problem [42].

Two types of social innovation are of particular interest for the decarbonization challenge of cities:
grassroots innovation and social entrepreneurship.

Grassroots innovation is “a network of activists and organizations generating novel bottom-up
solutions for sustainable development and sustainable consumption that respond to the local situation
and the interests and values of the communities involved” [43]. Grassroots innovations differ from
mainstream innovation, as they possess different types of sustainable development and forms, such as
cooperatives, informal community groups, social enterprises, and voluntary associations [44].

Social entrepreneurship contains several sub-concepts, which are identified as (a) social value
creation, (b) the social entrepreneur, (c) the social entrepreneurship organization, (d) market orientation,
and (e) social innovation [45]. The individual, the social entrepreneur, plays a key role in developing
innovation that creates (local) social wealth.

Apart from solving local pressing issues, social innovation can also create local jobs. The emphasis
on market orientation can differ among social innovation, but in general it is part of social
entrepreneurship and grassroots innovations [43,46]. As the social innovations develop further, and
the organization becomes more mature, professionalized, or commercialized, it can develop into a
business-like organization. Many social innovations shift from a marginal to a commercial organization
over time [43,47]. The distinction between “social innovation” and “business innovation” then becomes
blurred. Businesses themselves can also develop social innovation [46], which is sometimes seen as a
further development of Corporate Social Responsibility [48].

Two key challenges of social innovations in cities are (apart from the many challenges that social
innovations are confronted with) the neglect of social innovation in terms of policy making, and the
replication and upscaling of social innovations.

Suggested Medium-Term R&I Actions for Social Innovation in Cities

Figure 3 provides some Key identified actions on social innovation for decarbonization in EU cities.
The first one relates to the testing of social innovation strategies in diverse contexts. Many social

innovations start on as small scale and are very locally situated, which causes them to generally
have a problem in getting attention and recognition from policy makers [44]. On the other hand,
social innovation can easily create tension with policy silos and related policies, as they do not keep
themselves within the boundaries of defined policy domains while developing solutions for societal
problems. Many social innovations operate with this tension between traditional “top-down” policies
and “bottom-up” initiatives. In this respect, awareness campaigns for policy makers are needed
regarding what social innovation can contribute to decarbonization policies and how social innovation
can help to reach decarbonization goals. Research can help to highlight successful examples of
the interplay between decarbonization and social innovation and can assist in developing suitable
governance models for this interplay.

The second one relates to the scaling up of social innovations. Social innovations are developed in
a specific local context for a specific local societal problem. Upscaling within the city or replication
in other cities is, therefore, a challenge, and probably not possible for many social innovations in
their complete form. Development of business models, cooperation with businesses and public
authorities, and targeted replication and upscaling strategies for the (core elements of the) social
innovation can help to solve this issue. Research can support these solutions through development of
tailored strategies and adequate business models for upscaling and replication, and development of
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appropriate forms of cooperation with local governments or businesses. Research can further give
insight in how to deal with the question of whether the complete social innovation could be upscaled
or only some parts of it, and how and when this should be done.

 

Figure 3. Key identified actions on social innovation for decarbonization in EU cities [3].

4. Conclusions: From Low Carbon Achievements to Zero-Carbon Cities in 2050

While the recommendations presented above are categorized into three pillars, they are highly
interconnected and will all be needed to achieve zero-carbon cities. A system level approach, combining
all areas of innovation listed above, will be needed to move from localized low carbon achievements
to zero-carbon cities. This will involve many actors and diverse actions. First, strong city governance
and vision will be needed. Clear targets and strategies will be needed to achieve the vision. For the
transition to happen, citizens’ buy-in and engagement will be crucial. All zero-carbon technology
solutions will have to be tailored to the local context—and combined in “smart city” concepts.
Electricity consumed in cities will need to be zero-carbon, therefore this challenge will also depend
on the decarbonization happening in national power systems. Cities will also have to influence the
power mix by locally producing renewable electricity. Transport and heating will need to become fully
decarbonized as well—with a mix of renewable solutions and maximized internal flows. Waste will
need to be minimized—and a circular economy realized. In summary, for zero-carbon cities, there will
be no single “silver bullet” solution, but all solutions listed above will need to be used in conjunction
and tailored to the local context [3].

Furthermore, a climate action in cities embeds a number of challenges that span across
sectors. Climate policies can interact and have synergies (or trade-offs) with many development
goals [49,50]. As examples, policies to improve livability and health outcomes in cities can also result
in decarbonization, and vice versa. A clear example for this is the city of Barcelona case (Table 1),
in which policies targeted at diminishing local air pollution also affected decarbonization outcomes.
Furthermore, climate action in EU cities needs to be harmonized with other priorities, such as fighting
energy poverty in cities [51]. A holistic approach to climate action in cities will, thus, be needed to
capture the co-benefits of climate actions with other sustainability aspects. This includes planning
climate mitigation and adaptation efforts in conjunction, and embedding nexus approaches that
encompass several systems [49,52].

The R&I efforts listed above should also not treat cities in isolation. A large share of the connection
between urban activities and both climate adaptation and mitigation run through city supply chains
beyond city borders. ”Embedded” emissions of imported goods are argued to be important to consider
in city GHG inventories, along with subsequent mitigation efforts [53]. At the same time, these
material/resource flows are increasingly vulnerable to the impacts of climate change, and need to be
considered in climate adaptation planning [54]. Only scattered policies and research programs address
the issue of “carbon leakage” of cities, even if it estimated that 12% to 35% of the European Union’s
consumption-based GHG emissions occur abroad [55]. That is particularly important in cities, as they
are centers for the demand of products and materials.

This paper calls for selected R&I actions where higher education institutions can make a difference
to the challenge of decarbonizing cities. The decarbonization challenge will require interdisciplinary
and transdisciplinary science through broad cooperation between technical, economic, and social
sciences, which poses a big challenge for scientists [56]. In interdisciplinary science there is integration
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of knowledge and interaction between disciplinary scientists by which a better or new understanding
of the issue is developed. Transdisciplinary science goes beyond interdisciplinarity, and includes other
forms of knowledge derived from a wide range of stakeholders. Both forms of cross-disciplinary
science require sound processes for knowledge sharing, interaction, and knowledge production and an
adequate, highly knowledgeable mediation of the inter- or transdisciplinary process, as the interaction
can sometimes become heated. Research should uncover the process requirements. “Living labs”
engaging every actor, from citizens to academia, local businesses and the municipality, could be created
in cities to test innovation in practice.

Universities, other higher education institutions (HEI), and educational and research systems
in general will need to step up to the challenge. There is a need to train broadly educated or
well-experienced researchers in the facilitation of the inter- and transdisciplinary processes. HEI can
educate the new generation of professionals that are familiar with low-carbon transition challenges
and solutions, and in particular, are able to envision and implement solutions across several sectors in
the context of multi-actor governance. Universities can also build capacity in governments, and engage
in outreach at schools or public events. In addition, universities can themselves lead by example and
demonstrate low- and zero-carbon solutions by initiating high-visibility flagship projects that are also
used for research.

Finally, multi-actor partnerships and networks, such as the Viable Cities project in Sweden [57],
joining local authorities, HEI, companies, and others, can gather and expand the knowledge base for
the zero-carbon transition in cities. Such partnerships can find and demonstrate innovative solutions,
inform adaptive decision-making processes, or help collect data to monitor the implementation of
zero-carbon projects in cities.
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Abstract: Integrating sustainability within institutions of higher education can have a tremendous
impact on students, faculty, and the larger community. Sustainability efforts also experience many
barriers to implementation within higher education contexts. A change management perspective
can help characterize these barriers and ways to overcome them. In this critical case study, we
use a process model to examine the kinds of barriers Kennesaw State University (KSU) has faced
regarding implementation of academic sustainability and to evaluate change drivers that can advance
sustainability during a time of leadership change. The process model evaluates barriers and change
drivers according to published frameworks, and provides a way for higher education institutions to
identify the most difficult barriers, easily surmountable barriers, and areas where change drivers can
have the most impact. At KSU, the process model identified the self-determination of middle-tier
change drivers as the most important way to advance sustainable development in higher education
institutions (SD in HEI) until new leadership emerges. The process model is iterative and modifiable,
because the specific frameworks used in the process model may vary depending upon the needs of
each HEI and stage of progression toward SD.

Keywords: barriers to change; change drivers; critical case study; education for sustainability (EfS);
faculty empowerment; higher education institutions; organizational change; sustainable development
in higher education institutions (SD in HEI)

1. Introduction

Sustainable development in higher education institutions (SD in HEI, a synonym of education for
sustainability, EfS) presents distinct challenges, which require an understanding of the inherent,
multi-faceted complexity of sustainability and the interdisciplinary nature of the subject matter.
“The analogy that ‘being a leader of EfS is like trying [to] make a quilt’ captures” the difficult role
sustainability leaders must play [1] (p. 7). HEIs, like other organizations, rely on effective leadership to
promote a sustainability culture. Scott et al. state that the crucial factor for advancing sustainability in
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HE is to build viable leadership capabilities, competencies, support systems, and pathways [1]. Instead,
HEIs often face barriers and obstacles when it comes to SD such as being perceived as an abstract idea
espoused by environmental and social activists, seeming disconnected from the institution’s strategic
objectives, and lacking resources and/or administrative support for implementation. One of these
stumbling blocks, the absence of forward-looking transformative leadership, is especially detrimental
to SD. According to recent work [2–4], environmentally specific transformational leadership directly
and indirectly affects employees’ pro-sustainability behaviors in the workplace. As such, leaders in
HEIs can encourage or stifle employees’ sustainability efforts through their leadership practices.

Beyond the important role of traditional leaders in instituting organizational change, “any
employee who is able to successfully engage with others regarding sustainability issues can become
a sustainability leader, environmental champion, or change agent” [5] (p. 250). To be viable and
authentic, SD in university academics and campus operations must be coordinated, integrated, and
mutually supported and implemented [6,7]. That is, achieving a reasonable level of orchestrated
program functioning at a large public university requires the effort and good will of all members of
the university community (operations managers, permanent and part-time staff, full- and part-time
faculty, deans, academic directors, and students at all levels and in all fields of study). There should
be “’a whole-of-university’ approach to sustainability” [8] (p. 55). Because sustainability is such a
broad concept, it is no surprise that many factors, and potentially many levels of leaders, are needed to
implement SD [9,10].

Currently, discourse in SD in HEI literature exists that considers whether leadership must be
the traditional “top-down” variety or if it can follow a distributed leadership approach. Change
agents at the faculty and staff levels can enact “‘middle-out’ change” [11] (p. 340). This concept
refers to change that relies on collaboration, institutional know-how, political savvy, and patience but
is not high profile. According to Brinkhurst et al., these middle-ground change agents are “social
intrapreneur[s]” [11] (p. 344), whose entrepreneurial spirit can bring positive change to a university
and make headway where progress is stalled. Although engagement and involvement of rank and
file members matters in organizations [5], bringing about change through empowerment is the focus
of this research. Specifically, the research team considered empowerment as a change driver and the
role it plays in helping faculty overcome the barriers they face in the integration of SD. Taking an
organizational change management perspective, the authors focused solely on faculty at Kennesaw
State University as change agents.

In the conceptual framework, we summarized the organizational change literature as it pertains to
the barriers and drivers related to implementing SD in HEIs. We also developed a holistic framework
for overcoming barriers to change using employee empowerment. Following a five-phase assessment
of the current status of SD at Kennesaw State University (KSU), we identified the barriers and drivers
to change. Using a structured approach to analyzing and prioritizing the barriers to change and
the related effects of empowerment, we developed a generalizable process model of change in HEIs
looking to implement sustainability.

2. Conceptual Framework: A Change Management Perspective

2.1. Organizational Change in HEIs: Barriers and Change Drivers

The organizational change literature reports both barriers and drivers that affect the
implementation of SD in HEIs. Among the most important barriers to change, Aleixo et al. [12]
list issues with the concept of sustainability and the rigid structure of HEIs, a lack of commitment
among faculty and other university stakeholders coupled with resistance to change, and a lack of
resources and know-how. Verhulst and Lambrechts [13] (p. 191) also summarize the barriers to change
found in the extant literature by dividing them into three broad clusters, namely, (1) those “related to
lack of awareness,” (2) those “related to the structure of higher education,” and (3) those “related to
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the lack of resources.” Since these three groupings encompass the ones mentioned by Aleixo et al. [12],
we applied them to our institution of higher learning.

Prominent among the barriers to change are the human factors, or as some call people, the
“soft side” of the HEI. As obstacles to change, people play a special role, one that has long been
established in the organizational change literature (for a review pertaining to sustainability, see
Verhulst, 2012 [14]). While these human factors may serve as deterrents to change, people can also
be effective change agents. In fact, several researchers argue for the need to study the human factors
as a means of effective organizational change in HEIs (e.g., [13,15]). Going a step further, Verhulst
and Boks [16] focus on employee empowerment as a change driver or success factor. Drawing
from the management literature, they describe employee empowerment using three dimensions:
“authority[,]” “resources and specialization[,]” and “self-determination” [16] (p. 75). For HEIs
looking to integrate SD, empowerment is one of the main motivators for effective organizational
change [15]. Employee empowerment is a motivational tool whereby administrators, faculty, staff,
and others become sustainability proponents. In practical terms, organizational change through
empowerment means addressing all three dimensions (i.e., authority, resources and specialization,
and self-determination) [15], essentially, the success factors. As critical success factors leading to
organizational change in HEIs, the dimensions of employee empowerment thus deserve further study.

To understand the process of organizational change, both the barriers and the change drivers
deserve attention. We therefore combined two theoretical frameworks: (1) the categorization
of the barriers to change [13] and (2) empowerment as a change driver [15,16] into one holistic
framework. The approach in this work used empowerment to overcome the barriers to sustainability
implementation in HEIs and, ultimately, drive change (for a depiction, see Figure 1). In building upon
these theoretical frameworks, this work contributes to the literature.

Figure 1. Overcoming barriers to change through faculty empowerment. Source: Research Team.

2.2. Organizational Change in HEIs: A Process Model

Referring to SD in HEIs, Brinkhurst et al. state that “changes have been achieved, but the processes
underlying them are rarely examined. Consequently, it is difficult to ascertain which type of approach
facilitates effective change in these complex organizations” [11] (p. 338). Barth [17] echoes this gap in
the literature and calls for more generalizable process models that indicate how barriers to change
and change drivers affect each other. By identifying the barriers to change, analyzing their type and
difficulty, identifying change drivers and their degree of challenge, assessing which barriers should be
addressed with which change drivers soonest for largest impact, and creating a plan for working on
all barriers over time, our process model addressed this important gap in the literature. In treating
the barriers and the drivers as dynamic variables, our process model captured the complexity of the
change process in HEIs.

To develop a generalizable process model, we employed a critical case study. The goal was to
learn from the shortcomings and virtues of the authors’ institution in order to help other HEIs in their
quest for SD change. In this light, we include a brief history of academic sustainability at KSU before
moving to the methodology.
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3. Context: KSU Academic Sustainability Efforts Before 2017

KSU is situated in north Metro Atlanta, Georgia (USA). It was created from a 2014 consolidation
of two smaller universities, each with over a decade of previous commitments to sustainability
initiatives and research. With two campuses and a larger suite of degree offerings, the consolidated
KSU committed itself to sustainability initiatives both in its facilities and their operation and in the
university’s educational mission. KSU has a history of sustainability programs and efforts, and is
a signatory to multiple nation- and state-wide higher education sustainability agreements. Within
the university, KSU established a Climate Commitment Council in 2008, reconceived in 2013 as the
Presidential Commission on Sustainability, to advance and coordinate all aspects of sustainability.
The university also created the position of director of sustainability in 2008, specifically to promote
sustainability across the curriculum, preserve natural areas, promote energy efficiency, and improve
recycling programs [18]. In January 2016, KSU added a full-time sustainability program support
coordinator to manage and monitor the work of the university staff in making the two campuses and
their operations as sustainable as feasible.

During its first decade, the Commission made advances in operational sustainability. It collected
data about campus facilities and operations to set baselines, benchmarks, and goals for energy and
water use, recycling, waste reduction, and transportation improvements as well as considering
sustainable policies in other areas of concern such as purchasing, landscaping, and natural areas.
These data were used to plan improvements and to draft multiple yearly reports documenting progress
toward sustainability benchmarks like KSU Greenhouse Gas Inventories and Climate Action Plans in
2014, 2015, and 2016. It also became an outlet through which sustainability-focused faculty, staff, and
facilities personnel could network, share information about their sustainability-related projects and
events, and garner support from one another.

Until the director’s retirement in 2017, the trajectory of academic sustainability at KSU was
ascending in parallel with operational sustainability, achieving successful initiatives in the faculty
and student body. The director established a faculty workshop in 2009 to encourage an integrative
sustainability pedagogy across the university’s curriculum. Over eight years, it enrolled 77 faculty in
10 colleges and guided them in creating examples, lessons, assignments, and projects related to the
intertwined environmental, economic, and social dimensions of sustainability. In addition, the director
established a sustainability faculty fellow program in 2016. The fellows designed and executed
academically focused year-long projects that strengthened faculty engagement in sustainability
teaching and research. The fellows’ projects often involved students as assistants or participating class
members, consequently deepening student awareness and engagement university-wide.

To target the student body, the director created “Sustainability at KSU” as a cross-listed biology and
environmental studies course, which was well enrolled and very popular with students. For example,
one undergraduate who took this course became so passionate about promoting sustainability on
campus that she created the Green Ambassadors student club, and it has become an important
locus of student involvement in spreading student awareness of sustainability and supporting
sustainable practices such as recycling, water conservation, reducing carbon emissions, and addressing
food insecurity.

Across the board, from 2008 to 2017, the university supported what AASHE has identified as “an
opportunity and a responsibility” to help transform society into a sustainable one in Beyond the Right
Thing to Do: The Value of Sustainability in Higher Education [19] (p. 3). Reflection on the first decade
of KSU efforts in academic sustainability would find that these sustainability efforts strengthened
community and faculty relations, attracted students and prepared them for responsible citizenship,
and advanced unification of “the campus around a shared sense of purpose” [19] (p. 4). This reflection
is important because it provides an opportunity for assessing the human factors and obstacles that are
influential in the integration of SD in this HEI. Furthermore, the insights garnered from the reflection
process provide the foundation for our analysis.
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4. Methods

In applied disciplines like engineering and business, case studies are popular educational and
research tools. The same holds true in the social sciences in general and in the study of SD in HE
in particular (for the advantages of case-study methodology in the social sciences, see George and
Bennett [20]). According to Hoover and Harder, “case[-]study methodology has become one of the
most common qualitative approaches in research on sustainability in HE” for it captures the complex
nature and fluid boundaries of sustainability in academia [21] (p. 176). Case studies are a powerful
method to convey the “sustainability story” of a university in ways that help define problems and
help effect change [21]. These features make the case study an ideal research tool for examining
sustainability within higher education [22]. Following suit, the research team applied the case-study
methodology to a major southeastern university’s sustainability quest. The approach, however, differed
from the traditional case-study methodology in two ways: (1) it brought together two major theoretical
frameworks and then applied them to KSU (see Section 2), and (2) it developed an overarching process
model of organizational change for sustainability. Both of these contributions are in line with calls for
case studies not only to make recommendations and provide strategic direction but also “to develop
models or frameworks” that address the context-specific nature of sustainability in HEIs and the
ensuing organizational change [21] (p. 177).

The team undertook a qualitative case study because of this design’s “particularistic, descriptive,
and heuristic” features [23] (p. 29). Specifically, this study focused on a specific situation of
sustainability at a single institution of higher education (particularistic), included analysis of several
variables, and their interplay, over time (descriptive), and aimed to enhance and extend a reader’s
understanding of the barriers to sustainability at an institution of higher education (heuristic) [23].
Corcoran et al.’s work [22] was integrated to ensure that the work met the criteria for a critical case
study. Specifically, the team examined Corcoran et al.’s set of critical considerations for conducting
case-study research in sustainability in higher education.

Focusing on SD at an HEI, KSU, the critical case study analyzed both the barriers and the
change drivers to organizational change. To characterize the types of barriers based on Verhulst and
Lambrechts’ change-management theory [13], the team used the descriptions of each of the three
elements of barriers to code the institutional information compiled. As outlined by Corcoran et al. [22]
(p. 17), this task involved gathering information related to “the ecological, social[,] and economic
dimensions of sustainability.” Following Yin’s definition of a case study, the team used “multiple
sources of evidence” [24] (p. 23). This information included (1) KSU’s mission and purpose of the
institution, (2) curriculum and academic disciplines, (3) KSU faculty research, (4) KSU operations,
(5) student opportunities, (6) faculty and staff development and awards/incentives, and (7) outreach
and local community.

Additionally, a survey was administered to all KSU faculty to gather specific information
on faculty perspectives on sustainability efforts at KSU and to identify barriers caused by a lack
of awareness. An online survey was created to answer basic questions about faculty views of
sustainability. The survey, “Sustainability-Related Attitudes and Behaviors among Faculty (Study
18–487),” was administered in late April and early May 2018 and completed by 467 individuals out of
1277 full-time faculty, a participation rate of almost 37 percent. The results of the survey participation
were completely anonymous and no identifiers were collected from respondents. Survey questions
were vetted through the Institutional Review Board to ensure unbiased examination.

As expected, not all descriptions within each barrier were pertinent to KSU. Therefore, specific
barriers observed at KSU were delineated with a check mark in Table 1. For each SD barrier,
corresponding empowerment-based actions taken by the KSU faculty were identified. Although
identification of barriers and change drivers described the current climate at an HEI, it did not provide
a plan or indicate an action that needed to be taken in order to break through the current barriers.
Therefore, additional assessment was needed in order to initiate SD at HEI. This research characterized
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the barrier and empowerment findings in order to identify the impact of each change driver and, thus,
determine the potential to overcome a barrier and implement SD.

Table 1. Change Barriers at KSU. Source: Comprehensive list of barriers adopted from Verhulst and
Lambrechts [13].

Barriers to Change Present at KSU

Related to Lack of Awareness
1. Lack of interest and involvement of the majority of the students and staff members
2. Lack of support by management and policy makers �
3. Lack of professionalization and training of teachers
4. Lack of policy making in order to promote sustainability �
5. Lack of standard definitions and concepts of sustainable development (SD) in higher education (HE) �
6. Lack of recognition, change agents for SD are often not taken seriously �
7. SD seen as a threat to academic freedom and credibility
8. SD is not seen as relevant to a certain course or discipline �
Related to the Structure of Higher Education
9. Conservative disciplinary structure of HE institutions (HEIs), barely open to new paradigms �
10. Inefficient communication and shared information both top-down and bottom-up �
11. Resistance to change by education and research
12. Focus on short-term profit as a result of managerial thinking and policy making in HE
13. Lack of interdisciplinary research as a result of insufficient coordination and cooperation �
14. Overcrowded curriculum
15. Focus on content-based learning �
Related to the Lack of Resources
16. Lack of money, SD is not seen as a priority for funding �
17. High work pressure and lack of time; SD is often combined with other tasks �
18. Lack of access to information, due to absence of measuring instruments or by unwillingness of staff
19. Lack of consistent legislation (phrased in this work as policy support from governing bodies) �
20. Lack of qualitative and quantitative performance indicators
21. Technical problems
22. Lack of physical place

5. Results

The five-phase assessment of the current status of SD at KSU led to a list of barriers and associated
change drivers, displayed in Table 2. The assessment phases were (1) identification of relevant barriers
from Verhulst and Lambrechts [13], (2) identification of specific KSU barriers, (3) identification of
change drivers at KSU, (4) designation of when the barrier emerged, and (5) the degree of significance
or impact of each item (for a depiction of the process model, see Figure 2).

Once the research team observed that barriers specific to KSU often included all three elements
from Verhulst and Lambrechts (i.e., awareness, structure, and resources), it organized the list so that
the multiple dimensions of each barrier at KSU would be captured. KSU-specific barriers appeared in
the far-left column, and the relevant elements from Verhulst and Lambrechts (V & L) were noted in
the next three left-hand columns. (V & L cells without any text indicate that they were not relevant
to KSU barriers; these were marked with an X.) In response to the barriers, current actions by the
KSU sustainability community were included in the three right-hand columns. They were organized
according to their origin: whether they arose from authority, on-hand resources and specialization,
and/or self-determination. Barriers in existence before 2017 were listed at the top of the table, and
those arising between 2017 and 2018 were placed at the bottom of the table.

Although this display of barriers and change drivers was useful, it suggested that all of the barriers
were of equal significance and that all of the change drivers were of equal impact, which was not the
case. Importantly, most barriers had no change driver in the “authority” category. Consequently, a
subsequent step was added to characterize the degree of significance of the barriers and the significance
or impact of each change driver in overcoming the barrier. This characterization was indicated by
shading the cells of the table in order to provide an immediate visual of the difficulty of overcoming
a barrier and the corresponding impact that identified change drivers had in response to the barrier.
Cells with darker shading show a high degree of significance or impact, those with light shading
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indicate a moderate degree of significance or impact, and those with no shading indicate a low degree
of significance or impact. When no change driver was listed in a cell, no action was occurring to
address the related barrier, and these cells appeared with darker shading because the absence of any
impact was highly significant. This design allowed the team to see at a glance the cells where change
drivers were underway and those where barriers were unaddressed. In the barrier columns, the
lighter the area, the less significant the current challenge. In the change-driver columns, the lighter
the area, the more was being done to address the barrier though the impact of these efforts was low.
Light shading indicated moderate impact, which was possible when administrators funded events or
recognized SD. Dark shaded change-driver cells indicated areas that were of great significance but had
no empowerment efforts underway. This step revealed the following about KSU barriers:

1. Five of 10 barriers were of high significance; 5/10 barriers were of moderate significance.
There were no low-significance barriers.

2. Six of 10 barriers had three dimensions; 3/10 had two dimensions, 1/10 had one dimension. KSU
barriers were complex.

Figure 2. Process model of change in higher education institutions (HEIs) looking to implement
sustainable development (SD). Source: Research Team.

This step revealed the following about KSU change drivers:

1. Only one moderate-level change driver existed in the authority dimension; this dimension was
missing in nine change-driver cells. The absence of authority change drivers showed how current
SD change agents were limited in their power.

2. No existing change drivers were of high impact. Sixteen of 17 existing change drivers were of
moderate impact; 1/17 was of low impact.

3. Only 2/10 self-determination cells had no change driver; if actions existed in these cells, one
(about university-wide funding) would be significant, but the other (about the state emphasis on
student retention, degree progression, and timely graduation) would likely have only low impact
because SD advocates were unlikely to influence state-level oversight at the Board of Regents.
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6. Discussion

In developing a process model for SD in HEIs (Figure 2), we addressed “the need for more
theory-building and generalization” [17] (p. 162). From a theoretical perspective, our process model
built on existing work by combining a comprehensive list of barriers with three dimensions of
empowerment into a holistic framework. From a generalizability standpoint, our process model
provided a useful tool for driving change at other HEIs. Although the interpretation of both the size of
barriers and the adequacy of the change drivers was specific to KSU, the process was valuable for the
research team in determining its strategy for moving forward. The same holds true for other HEIs
that can use the same process for their own strategic purposes. The process model developed here
also presents several benefits for addressing transformative organizational change at HEIs. Principally,
it provides a structured method to analyze and prioritize barriers to change, and the related impact
of empowered efforts on the pathway toward integration of SD. The benefits of the process model in
relation to each of the three dimensions of empowerment are discussed below.

By placing barriers within an empowerment framework, the process model helps identify those
barriers that are the most significant and difficult to overcome. The framework allowed the team
to identify ways in which some KSU barriers presented difficulty in multiple dimensions because
they were related to a lack of awareness, structure in HE, lack of resources, or a combination of those
factors. We found that 50 percent of the barriers were of high significance and 60 percent involved
three dimensions (Table 2), pointing to the complexity of KSU’s barriers in general.

Among them, it was obvious that the most significant barrier to integrating SD at KSU was the
retirement of and failure to replace the director of sustainability. This barrier was highly significant
because it affected virtually all aspects of empowerment through authority. The long-established
director position was eliminated in the spring of 2018. It had created a point person for university-wide
SD, but after the person who had held the job retired, support from the Academic Affairs Office
declined in awareness (understanding the value of the position), structural support (an authority and a
locus of SD activity), and resources (the time and focus to advance SD). With no one assigned to report
to the university president about sustainability or lead university-wide efforts, the academic branch
of KSU’s sustainability effort met with significant setbacks that jeopardized its upward trajectory in
gaining participation of both faculty and students on its campuses. The vital role that the KSU faculty
had played, and needed to continue playing, to seek academic sustainability benefits was placed at risk.
KSU was once a state leader in sustainability, but it no longer is, having been surpassed by both nearby
private institutions and by sister public institutions such as the University of Georgia, Georgia Southern
University, and University of West Georgia. These institutions have reliable financial support, academic
sustainability directors, and either certificates or concentrations available to all undergraduates.

Research in SD routinely concludes that the support of a university’s leadership is important
to establishing academic sustainability instruction and campus-wide resources for students and
faculty [25,26]. Barth goes so far as to state that “active top-down support is essential” [25] (p. 142).
To create a thriving environment for sustainability, university leadership needs to establish a vision of
campus sustainability and support it consistently for it to take root and flourish. Leadership’s role
includes building a team with a collective vision, taking action from that vision, and using the vision
to empower the campus. A vision of sustainability has the potential to stall or fail at any of these
junctures [27]. In KSU’s case, sustainability efforts stalled when the former director of sustainability
retired and the university experienced successive changes in upper administration. Lacking leaders
who share a “sustainability ethos” [27] (p. 80), the state of SD at KSU is in question. To commit to SD,
the university needs future-oriented, transformative, and silo-busting leaders who make sustainability
a priority [1]. Like other HEIs, KSU needs leaders who empower employees to forge ahead in their
sustainability quest and change agents who see the worth in educating future generations about
sustainability. Rather than seeing a lack of authority as insurmountable, empowered faculty can effect
change through other dimensions of empowerment.
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Another benefit of the process model is that it allowed us to identify barriers that are more easily
surmountable (i.e., the “low-hanging fruit”) and where change drivers can address multiple barriers
and therefore have the greatest impact. Below we describe a few examples of these barriers and how
they can be addressed through resources and specialization and through self-determination.

For KSU the most important resources include university policies, and venues that provide
opportunities for networking among different organizational units. As an example of a relatively easily
surmountable barrier, KSU faculty had no mechanism to become aware of each other’s sustainability
research efforts and therefore develop SD collaborations (see Table 2; row “No clearinghouse”),
despite widespread interest in sustainability as indicated by our survey. Therefore, the creation of
this clearinghouse is an obvious next step and it should be supported by the KSU strategic plan,
which includes support for purposeful and relevant research (suitably broad). In this regard, any
existing organizational policy that contains missions or goals supporting the advancement of SD is
a valuable resource. Creating the clearinghouse could include something as simple as publishing
the sustainability-related research activity of faculty on the KSU Sustainability website (the website
already exists and requires minimal investment of additional resources). While this act has a relatively
low impact, it could be used to start a coordinated SD network for research and teaching at KSU.

As an example of where resources and specializations can address multiple barriers, KSU’s
narrowly disciplinary and unintegrated concept for SD comprised six separate V&L barriers, so it is a
major impediment to an integrated curriculum program (such as an academic sustainability certificate
available to all students across all majors). SD advocates who are full-time faculty, can respond
meaningfully to this multi-faceted barrier by highlighting the interdisciplinarity inherent in current
university-wide events. For example, KSU already holds an annual “Equinox Week” celebration and
symposium organized according to the UN Sustainability Goals, and this allows disparate departments
to network. Here again, policy is an important resource. Faculty can demonstrate that SD in general
and a certificate in particular would aid the university in pursuing its Strategic Plan. This plan
includes the goal of transformational learning and an action step of high-impact teaching; in turn,
these are linked in university documents to student research projects, internships, and project- and
service-learning [28]. By using the university-approved terminology and by emphasizing the relevance
of SD to its new plans, advocates can demonstrate that SD is a broad content-based mechanism
toward “transformational learning” because students value education that they readily identify as
relevant to their personal life choices, their career options, and the quality of life in their globally
connected communities.

Meetings of the KSU Presidential Commission on Sustainability were also identified as a
networking resource that could address multiple barriers. The meetings are vital to the success
of SD because they are the primary venue for sharing pertinent information among disparate branches
of the university. Members of the Commission include students, faculty, administration, and staff
representing a wide array of different disciplines and operational divisions. Importantly, anyone can
attend and present at these meetings. The meetings are also a key venue for interaction with authorities
including the university president. While the new KSU president has not yet attended a meeting, the
research team expects that a planned upcoming visit will help the Commission address the lack of
awareness, policies, resources, and support.

At KSU, the lack of authority and paucity of resources with potential for high impact means that
self-determination becomes the dimension of empowerment with chief importance. Indeed only 2 out
of 10 barriers in Table 2 have no change driver identified for self-determination (lack of campus-wide
funding, and state-level educational priorities that prevent new SD programming). Among the
rest, self-determination at KSU is often unsurprising in form; change drivers have been maintaining
participation in SD-related events or continuing to advocate for administrative support. However,
in 2017 a group of faculty opportunistically gained support (for books and travel) from the KSU’s
Center for Excellence in Teaching and Learning (CETL) to form a Faculty Learning Community (FLC),
which has since modified its plan of work to advance SD and address multiple barriers. Initial work
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focused on addressing the lack of SD in general education curricula, and later the development
and implementation of the faculty survey. These efforts are still in process and could have lasting
impact over the long term. For instance, if the director position is re-established, the FLC is well
poised to suggest a certificate program, and the survey results can be used as the starting point for a
research clearinghouse or networking directory. The FLC also identified ways that the broader KSU
faculty can enhance the resiliency of SD in the absence of authority (see Table 3). These are actions
of self-determination whose impact is directly proportional to the number of individuals who carry
them out.

Table 3. Approaches for faculty to enhance campus sustainability efforts in HEIs. Source:
Research Team.

Faculty Resilience
Approaches for Individuals and Small Groups of Faculty

Resources

• Observe energy, water, and materials conservation practices on campus and explain
them to colleagues and students

• Pursue autonomous efforts in teaching and publication
• Participate in university-sanctioned committee activities in departments, colleges,

and campus-wide situations
• Seek funding from external sources (e.g., sustainability-related grants

and fellowships)
• Apply for sustainability-related awards

Academics

• Inform oneself of disciplinary connections to sustainability
• Draw attention to sustainability topics in classes with examples
• Demonstrate relevance of discipline-specific topics and issues to sustainability

in classes
• Develop research and scholarship projects that are linked to sustainability
• Disseminate sustainability-related research findings through conferences, symposia,

and publications

Innovation

• Highlight sustainability in department- and college-level concerns
• Seek ways to shift the focus of existing campus programs toward sustainability topics

and issues
• Advance sustainability through innovative research topics and teaching techniques

Community

• Champion sustainability on and off campus
• Contact like-minded faculty colleagues and share interests
• Identify community partners such as businesses and nonprofit groups (e.g., clubs,

civic groups, and churches)
• Promote local service-learning assignments, internship, and co-op opportunities that

connect to sustainability for students
• Describe connections between sustainability and local groups, particularly as they

affect future careers for graduates

Collaboration

• Undertake team teaching on sustainability topics
• Undertake collaborative writing and research projects
• Develop and offer interdepartmental sustainability-related workshops
• Create ecocentric clubs for faculty
• Participate in faculty learning communities on sustainability
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Verhulst and Boks include “initiative, creativity and autonomy” under self-determination [16]
(p. 93). These factors tie into Brinkhurst et al.’s idea of achieving change in HEIs by empowering faculty
and staff, the middle part of the organization. In fact, “the greatest potential for long-term change
comes from active intrapreneurship by faculty and staff” [11] (p. 351). Understanding the complexities
of HEIs, faculty and staff can act as change agents who effect change within organizational boundaries.
Change at the faculty/staff level is “‘middle-out’ change” or transformative change from within [11]
(p. 340). Faculty, however, differ from staff in terms of expertise and specialization. As specialists
who can understand and relay technical information, faculty are “‘transmitters’ of implementation
processes” [17] (p. 172). They can effect change by serving to bridge the gap between administrators
and other campus agents such as staff and students [17]. As the research team discovered, faculty
can also act as self-sufficient innovators—change agents who take it upon themselves to introduce
micro-change and push for macro-change.

7. Limitations and Future Research

At KSU, the process model suggested that, given the lack of authority and resources,
self-determination is the most promising dimension of empowerment; therefore, expectations for
advancing change should be tempered for the time being. However, there are several caveats to
this outcome. While the process model captured some of the complexity of the change process in
HEIs, it does not consider all university stakeholders (e.g., academic staff, plant operations staff,
students, etc.). The selected framework focused on change driven by the middle rungs–only faculty.
The role of staff still needs to be considered [17]. For example, feedback from academic and plant
operations staff as well as from students will provide a more comprehensive look at barriers and
change drivers from the perspective of all stakeholders at the institution. The reinstatement of
authority figures such as the director of sustainability, or increased advancement of SD from senior
administrators, could rapidly eliminate barriers and shift the expectations for change. KSU’s leadership
has changed rapidly in the last few years, and there is no indication that it has stabilized. Indeed, the
model’s outcomes were dependent upon the choice of framework used for identifying barriers and
change drivers. Frameworks focusing on other aspects of organizational change may lead to different
conclusions. A Socio-Technical Systems Thinking framework, for example, may be particularly suited
for SD in HEIs, given the complexity of both sustainability and institutions of higher learning (for an
overview, see Davis and Coan [5]). Ideally, HEIs should evaluate their progress toward SD through
multiple frameworks. Though the discovery process is essentially the same, other HEIs may find
alternative frameworks more suitable. Additionally, the organizational culture [29] and the types
of change (e.g., planned versus emergent versus contingency) [5] sought may influence an HEI’s
chosen approach.

Finally, once the discovery process is complete, the next phase is discipline-based planning where
faculty are rapidly brought up to speed regarding SD, including the results of discovery and the
contributions of SD early adopters (for a discussion of the steps following the discovery phase, see
Chambers, 2013) [30]. Although the discovery process may receive re-evaluation and re-iteration if
its outcomes somehow do not lend themselves toward discipline-based planning, in the case of KSU,
the process model has yielded useful information for advancing SD (Table 2).

8. Conclusions

The intellectual project of this work began with an effort to strategically advance SD in one HEI
in order to overcome perennial and new barriers to establish an integrated program encompassing
operations, administration, and academics. Though the research team initially thought that KSU’s
SD experience of setbacks and challenges was unique, it discovered that, though the details were
individualized to the institution, the arch of the project was not atypical. Consequently, the search for
an approach to respond to current circumstances revealed how much the team could learn from others’
similar struggles and, further, the change-management literature they had generated. This work
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is intended to provide others with a way to analyze an HEI’s distinctive situation thoroughly and
dispassionately, producing new insights into the available change drivers and specific behaviors and
actions that SD change agents should adopt to enable success. As Neil B. Weissman explains in the
Association for American Colleges and Universities’ journal Liberal Education,

Experts in careers related to sustainability particularly require the ability to constantly
remake their technical training in an arena in which successful strategies must be flexible
and adaptive. Moreover, the integrative nature of sustainability challenges gives rise to a
demand for “translators,” professionals with the understanding and communication skills to
carry knowledge across the boundaries that divide communities of experts, policy makers,
and the public. [31] (p. 8)

Though its proponents see SD as an obvious priority in a twenty-first-century university, others
may not. Proponents must translate the value and relevance of SD for others. To do so, they must
adopt proactive resilience as an approach. Just as an individual person makes changes in behaviors
and routines incrementally to support the sustainability of the planet and all its species, shifts toward
academic sustainability should be expected to occur gradually as well. If an institution truly wants to
meet the needs of its time, essential re-imaginings of traditional approaches to fulfilling its mission
will follow. Vijaya Deshmukh lists the breadth of the goals that pertain to SD and must be pursued
through collaboration and sharing; these include

[i]ntegrating actions of conservation and human development, satisfying basic human needs,
achieving equality and social justice for all, facilitating social self-determination and cultural
diversity, managing legacy for future generations, maintaining ecological integrity, [and]
developing new technologies and product manufacturing processes. [32] (p. 3)

These are obviously goals in keeping with the mission of most HEIs, so proponents need to make
the case and make it as desirable as possible for those with authority to invest in SD.
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Abstract: In this paper, we assess the challenges of macro-universities to incorporate sustainability
as an integral dimension of their activities and institutional development, and as a public higher
education institutions that have an important role in sustainable development in the Global South.
To this end, we analyzed the efforts oriented towards incorporating sustainability into research
and teaching agendas, as well as the campus management activities of the Universidad Nacional
Autónoma de México (UNAM), a university with national presence and a community of more than
420,000 people comprising students, academics and administrative staff. UNAM has historically
been one of the most important research and teaching institutions in Latin America. The analysis
incorporates quantitative and qualitative data, relying on information sources such as the databases
of the University regarding research and teaching, institutional documents and interviews with
key actors. This study argues that inter-institutional articulation is a key factor to integrate the
increasing sustainable initiatives promoted in the last decade but also one of the main challenges in
the consolidation of macro-universities as sustainable universities.

Keywords: sustainable university; public university; macro-universities; institutional design; global
south; Mexico; UNAM

1. Introduction

The importance and potential contributions of higher education institutions (HEIs) to sustainable
development were formally recognized since the early 1970s in the Club of Rome report (1972) [1] and
the Stockholm Declaration (1972) [2]. However, it was not until the 1990s that universities began to
formally commit themselves to the development of a sustainable world. One of the first and most
important initiatives in this regard was the Talloires Declaration (1990) [3], a ten-point action plan for
incorporating sustainability and environmental literacy in teaching, research, and campus management
that has been ratified by more than 500 colleges and universities around the world. This first initiative
was followed by many meetings, statements and reports, as well as the founding of international
associations focused on promoting sustainability in universities. More recently, these efforts have
been endorsed within the framework of the 2030 Agenda [4], composed by 17 goals and 169 targets
through which the United Nations seek to promote sustainable development worldwide. This Agenda
identifies universities as key actors for the generation of knowledge and the education of future leaders,
decision makers, entrepreneurs and citizens and proposes that the incorporation of sustainability in
the governance, management and culture of universities is valuable in itself and has potential value
for the implementation of sustainable trans-sectorial initiatives.

Sustainability 2018, 10, 4840; doi:10.3390/su10124840 www.mdpi.com/journal/sustainability90
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Over the last two decades, HEIs have progressively introduced sustainability into research,
academic plans and campus management [5,6]. Some of them have achieved substantial progress in
this process; in general terms, however, the progress has been uneven if we consider the different
topics included in the idea of a sustainable university or the realities of HEIs in the world, and there
are still many challenges to overcome [7], especially for HEIs in the Global South, a subject that to date
has received little attention.

This paper analyzes the challenges faced by macro-universities for integrating sustainability into
their substantive tasks through the case of the Universidad Nacional Autónoma de México (UNAM).
The preliminary results of this research were presented at the 2018 International Sustainable Campus
Network Conference. We consider macro-universities as those universities that: Have the highest
enrolment rates nationwide; cover different areas of knowledge in the natural and social sciences,
technology, humanities, arts and culture; conduct research and postgraduate teaching tasks in national
and international arenas; receive a significant percentage of the national budget of the higher education
system; and are in charge of the custody and development of important national historical and cultural
heritage [8].

For the development of our case study we propose the following research questions:

• What progress has the UNAM made in the incorporation of sustainability in its substantive tasks
(teaching, research and extension of culture) and the management of its campuses in the last
10 years?

• How have these initiatives contributed to the transformation of UNAM into a sustainable university?
• What are the main challenges that this institution faces in order to consolidate itself as a sustainable

university in the future?

2. Literature Review

The literature on sustainability in universities has developed widely in recent years. The main
topics discussed in these studies are: Management tools for green campuses, contributions of
universities to sustainability and education for sustainable development [9]. The analysis of the
challenges faced by HEIs in consolidating themselves as sustainable universities has also been central
topic in this literature. Following Brandli et al. (2015), we distinguish between external and internal
challenges [10]. The main external factors identified are the lack of interest and commitment of
government bodies and the public in sustainability [11,12]. Amongst internal factors, the lack of interest
of university authorities and the consequent lack of resources dedicated to this area [9,13–15] stand
out for their importance. The low priority given to sustainability in the management and development
of universities translates, in turn, into the absence or inefficiency of a sustainability office responsible
for promoting and coordinating activities linked to sustainability in universities [12,16]. The literature
explains this situation by referring to the lack of knowledge on the importance and implications of
the sustainability of universities [17,18] and on the potential of sustainable management strategies
to minimize costs and recover investments. Other obstacles frequently mentioned in the literature
are the lack of planning [10,15] and management instruments [15,19] to integrate sustainability into
university activities, as well as the absence of specific goals [20] and monitoring mechanisms to
measure the achievements made [21]. Some authors also point out that although a growing number of
HEIs are making efforts to include sustainability in their planning and activities, the analysis of the
sustainable development plans and strategies of universities shows that they often lack a holistic vision
of sustainability [12,17] and that they usually prioritize the teaching and the operational management
of university campuses [18], whereas they neglect research and culture [21]. In this investigation
we are particularly interested in the discussion of the conditions that affect the organizational
change for sustainability to become a “whole institutional approach” in higher education institutions,
as outlined by the United Nations Educational, Scientific and Cultural Organization (UNESCO) Global
Action Programme on Education for Sustainable Development [22]; an important emergent field of
research [23,24].
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Speaking specifically about research, the literature highlights that promoting interdisciplinarity
has been difficult because universities still have a disciplinary structure [5,25–28] and academics have
been trained in disciplinary traditions and lack epistemological, methodological and theoretical tools
to establish an interdisciplinary dialogue and develop problem-oriented approaches [14]. Furthermore,
publications and academic evaluations are mostly organized following disciplinary criteria and there
are not enough incentives for researchers to become involved in interdisciplinary collective projects [29].

In regard to teaching, the importance of developing specialised study programs on sustainability
issues is underlined and, at the same time, introducing sustainability in all the study programs.
This process is considered a key indicator of universities’ commitment to sustainability, yet it is
recognized that universities face great challenges [30,31] in the construction of an interdisciplinary
practice, and the integration of sustainability as a part of the knowledge and teaching tools of
teachers [32]. To date, the development of new programs focused on sustainability issues has been
successful, but the introduction of sustainability as a transversal dimension in academic offers shows
slower progress. The main factors that have hindered this are the lack of a clear institutional mandate
to consider sustainability as a transversal element of the academic offers of universities and the
institutional capacity to act and acquire the necessary academic tools to do so [33].

Regarding the operational management of campuses, the literature identifies as central obstacles
the diversity of uses of university facilities, including research offices, laboratories, classrooms,
libraries, coffee shops, auditoriums, sports facilities, and administrative rooms; the divergence of
interests between researchers, students and administrators [12–14]; and the lack of implementation
of sustainable technologies. Such technologies, aside from improving the efficiency of resource use,
contributes to the diffusion of sustainability principles in the university community and allows
developing strategies that can be implemented in other contexts, following the model known as ‘living
lab,’ where university campuses are considered privileged spaces for applied teaching and research
around sustainability [34,35].

3. Case Study Description

As stated above, this paper reports a case study focused on the process of incorporating
sustainability into the substantive tasks of UNAM, the main university in Mexico and one of the
most important research and teaching institutions in Latin America. UNAM was formally constituted
as a public university in 1910, although its history dates back to 1551 [36]. Its central campus is
located in Mexico City, a large and complex urban area with important social and environmental
challenges [37,38]. This campus, known as Ciudad Universitaria (CU), was inaugurated in 1952 and
has an extension of 730 hectares, 32% of which is occupied by an ecological reserve. In 2007, the central
area of CU was acknowledged by the United Nations Educational, Scientific and Cultural Organization
(UNESCO) as a world heritage site, describing it as:

“[...] an exemplary monumental set of twentieth century modernity that integrates urbanism,
architecture, engineering, landscaping and arts, associating these elements with references
to local traditions and to the pre-Hispanic past of Mexico. The set embodies social and
cultural values of universal significance and has become one of the most important symbols
of modernity in Latin America.” [39]

CU is home of an important part of the activities of UNAM, but the University also has other
eight higher education campuses and 14 high schools in the metropolitan area of Mexico City, aside
from six campuses for regional development and multiple research units in other states in the country,
with a comprehensive community of more than 420,000 people comprising students, academics and
administrative staff [40]. Given its public nature and its human, physical and financial resources,
UNAM has a great potential to influence the sustainable development of the country through its
activities of research, teaching and extension of culture.
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Our analysis shows that UNAM has been a fruitful space for initiatives linked to sustainability
in research, teaching and campus management over the last 10 years. However, it also suggests that
until now the University has not succeeded in transforming the multiplicity of existing initiatives in
the field of sustainability into a sustainable university project. Based on this case study, we suggest as
a research hypothesis that the large size and organizational complexity of macro-universities scale up
the organizational obstacles faced by universities to consolidate themselves as sustainable universities,
and therefore, that inter-institutional coordination for sustainability it is a particularly important factor
to consolidate sustainable university projects in this kind of higher education institutions.

Understanding the challenges and opportunities faced by macro-universities when integrating
sustainability in their tasks is relevant for different reasons. Given the extent of their enrolment
and resources, these institutions have an important potential to spread the principles of sustainable
development, contribute to a better understanding of complex socio-environmental problems, develop
innovative technological and organizational responses to address sustainability challenges, and train
high-level professionals in this field. Moreover, given their social prestige, these universities can also
have an important leadership for the promotion of sustainable practices in the cities where they are
located [41–43]. In Latin America, we have identified 37 higher education institutions with these
characteristics. There are, no doubt, similar institutions in other regions of the world, although, we do
not have enough information to date to identify them. Taking into account only the number of students,
there are at least 20 universities with an enrolment similar or superior to that of the UNAM worldwide,
these are mostly located in Asia, it should be noted that an important part of the enrolment of some of
these universities corresponds to distance education schemes.

4. Materials and Methods

The term ‘sustainability’ has been widely used in several fields, and different definitions have
been developed over the past decades. Our analysis uses a broad definition of this concept that
takes into account two of the elements around which there is greater consensus in the literature:
(1) The reference to a scheme of use and management of ecosystems and natural resources that does
not compromise their future survival persistence and (2) the integration of environmental, social and
economic dimensions in academic analysis and problem-solving proposals. The operative definition
of the areas and actions that can be categorized as ‘sustainable’ in a university implies methodological
decisions that are reflected in the monitoring of their performance and the definition of priorities
for their management. The present study considers in this field research, teaching and campus
management activities linked to natural resource knowledge and management, environmental impacts
of human activities and explicit references to the term ‘sustainability.’ The data for this research and its
treatment are described below:

(1) We identified databases that contained information about the activities of research, teaching,
culture and operation of university campuses in the last decade. To analyze these databases:

• We defined over 100 keywords (in Spanish and English) from the analysis of the main
international treaties linked to sustainable development.

• We first undertook a categorization exercise based on an automated word search.
• We conducted a qualitative review of the first classification to ensure that the selected records

were associated with sustainability.
• We graphed the databases resulting from this last step to infer the behavior of the number

of initiatives linked to sustainability in the areas analyzed (teaching, research, extension of
culture and campus management).

The databases analyzed with this procedure are listed below:

• The plans, study programs and courses were consulted in the database of the UNAM General
Directorate of School Administration (DGAE).
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• The theses were consulted in TesiUNAM, a database that digitally registers all the theses of
the University.

• Research projects carried out by the UNAM researchers was consulted in the database provided
to us by the UNAM General Directorate of Institutional Evaluation (DGEI).

• Publications of UNAM academics were consulted in the Web of Science database.
• The continuing education activities were consulted in the UNAM Coordination of Open University

and Distance Education (CUAED) database.

To complete the information obtained through the analysis procedure previously described we
consulted various qualitative sources that we analyzed through a content analysis approach:

(2) The institutional pages of all the academic dependencies of the UNAM, to know their research
lines, programs and departments.

(3) The last 10 annual reports of all the academics and administrative entities of the University,
to identify infrastructure initiatives related to sustainability, to know if they were documented as
part of a larger project and whether they were followed up in the years after their first appearance.

(4) Meetings with data managers about campus operations and with different actors who have
promoted or have been responsible for sustainability initiatives over the past few years.

The data collected in our research have different limitations, especially those that concern the
operation of the campus. It should be noted that at the UNAM there are still no institutional
practices concerning the reporting of initiatives linked to sustainability and, as result, information,
when available, is scattered and fragmented. This situation imposed certain limits to the
methodological design of our study, which is mainly an exploratory study that sought to make
a diagnosis of the initiatives linked to sustainability that were carried out at the University over the last
decade. For this same reason, we do not have the elements to thoroughly investigate our hypothesis
and develop a strategy to accept or reject it. However, the information obtained allows us to better
understand the analyzed process and provide valuable elements to improve the institutional design of
the UNAM and other macro-universities to consolidate themselves as sustainable universities.

5. Results

According to the latest data, UNAM has 349,515 enrolled students, 40,578 academics and 30,024
administrative employees. The teaching and research activities of the University are articulated
through 15 faculties, five multidisciplinary units and eight national schools, 14 high schools, 34 research
institutes, 14 research centers and 10 research programs. UNAM also has 135 libraries, 26 museums
and 18 historical precincts under its charge. This section describes the main initiatives linked to
sustainability developed at the UNAM in the last 10 years. The presentation of this data is organized
in five sections: Specialised Research and Teaching Centers, Teaching, Research, Continuing education
and communication of science and Campus management; through this exercise our first research
question was, namely: What progress has UNAM made in the incorporation of sustainability in its
substantive tasks and the management of its campus over the past 10 years? The following section
discusses some of the most important implications of the size and organizational complexity of the
University in relation to efforts to foster processes of institutional innovation towards sustainability;
addressing the other two questions that we initially raised: How do these initiatives contribute to the
transformation of UNAM into a sustainable university? Finally: What are the main challenges facing
the consolidation of these initiatives in the future?

5.1. Specialised Research and Teaching Centers

UNAM has five research entities focused on sustainability, their creation is one of the best examples
of the institutional support for the development of research and teaching in the sustainability field at
UNAM. Table 1 list their names, the years when they were founded, the year of their first institutional
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background and their location. Besides, there are also more than 30 entities with departments or lines
of research related to sustainability that are explicitly mentioned in their official documents, as well as
many other faculties and institutes with academics who individually work on research related to this
field. The main research topics are climate change, biodiversity and biological conservation, sustainable
technologies, analysis of pollutants, environmental restoration, political ecology, environmental
governance and policy.

Table 1. Research entities specializing in the study of the environment and sustainability.

Name
Institutional
Background

Foundation Year Location

Ecosystems and Sustainability Research Institute 1996 2003 Morelia, Michoacán
Environmental Geography Research Center 2003 2007 Morelia, Michoacán
Climate Change Research Program — 2009 CU, Mexico City
Renewable Energies Institute 1985 2013 Temixco, Morelos
National Laboratory of Sustainability Sciences 1 — 2014 CU, Mexico City

1 A part of the Institute of Ecology.

5.2. Teaching

UNAM has an enrollment of 349,539 students: 59% undergraduate, 9% graduate and 32% high
school (DGAE, UNAM, 2018). The teaching activities and training opportunities at the University have
evolved for more than a century, integrating a wide variety of perspectives and institutional actors.
Its academic offer actually includes 41 postgraduate, 123 bachelor’s degrees, 36 technical careers and
two high school programs.

The international agreements linked to sustainability in universities consider both the inclusion
of study programs specifically focused on this area and the inclusion of sustainability as a transversal
dimension of the educational offer of HEIs as important, since all disciplines can contribute to
sustainability. However, as it was noted above, the literature identifies this as one of the most
complex areas in the process of building a sustainable university. During the past decade, UNAM
has incorporated sustainability in its training offer both through the creation of programs focused on
sustainability and by means of the incorporation of courses on sustainability in pre-existing programs.
This process has taken place from the 2000s, and especially from 2010. Currently, 6% of undergraduate
and graduate programs are focused on sustainability, 18% have an area of specialisation on this
subject, 40% include courses related to the field while 36% have not yet incorporated the perspective
of sustainability in any way. Figure 1 shows the distribution of undergraduate and graduate programs
classified by their link to sustainability of their objectives and curricular plans.
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These data show the contributions of UNAM to the training of experts on issues related to
sustainability. However, the transversal incorporation of the topic in the academic offer of the
University is still partial, and until now, disciplinary approaches have been privileged, both in
the field of the natural sciences and in the social sciences. Considering the limits of disciplinary
approaches in the field of sustainability, in 2015, the University created a postgraduate program in
sustainability sciences, an interdisciplinary program focused on the study of sustainability problems
and the development of applied research. Until 2017–2018, this postgraduate program had 157 Master’s
students (of which 26 had already graduated) and 57 PhD students. Table 2 lists the academic offers of
UNAM linked to sustainability at the undergraduate and graduate levels.

Table 2. Specialised study programs and programs with an area of expertise in the environment
and/or sustainability.

Interdisciplinary programs focused on sustainability

Postgraduate programs Sustainability Sciences

Specialised study programs on the environment and/or sustainability

Undergraduate programs
Sustainable Management of Coastal Zones, Engineering in Renewable Energies,
Environmental Sciences, Sustainable Materials Sciences, and Environmental
Engineering.

Specializations Savings and Efficient Use of Energy, Environmental Law and Environmental
and Ecological Economics.

Study programs with an area of expertise in the environment and/or sustainability

Undergraduate programs

Biology, Ecology, Earth Sciences, Geophysical Engineering, Technologies for
Information in Sciences, Agricultural Engineering, Chemistry, Industrial
Chemistry, Agricultural Administration, Law, Territorial Development,
Geohistory and Architecture.

Postgraduate programs

Earth Sciences, Engineering, Physical Sciences, Biomedical Sciences, Teaching
for Higher Secondary Education, Biochemical Sciences, Biological Sciences,
Marine Sciences and Limnology, Chemical Sciences, Law, Economics,
Geography, Architecture and Urbanism.

The incorporation of study plans and programs focused on sustainability has been reflected in
the increase in thesis projects related to the topic, especially in programs focused on the environment.
We identified 5594 theses linked to sustainability between 2008 and 2016, 5.6% of the theses concluded
during this period. It should be noted that more than 200 of these theses were written within
the framework of study programs that do not include any subject related to the environment or
to sustainability, showing areas of opportunity to consolidate the inclusion of this topic in the
curricular offer of the University. These theses come from different programs, such as Actuary,
Visual Arts, Computer Science, Latin American Studies, Philosophy, History, Mathematics, Medicine
and Odontology and Pedagogy.

5.3. Research

The UNAM reported 7783 research projects between 2008 and 2016. The research areas with the
largest number of projects at the University are Physics, Engineering, Biochemistry and Earth Sciences.
In this period, we identified 540 projects focused on issues related to sustainability. A total of 82% of
the projects were focused on research and 12% were oriented to the development of teaching materials
and knowledge dissemination activities. The main subjects addressed in the research were structure
and functions of ecosystems (18%), pollution and sanitation (10%), sustainable technologies (7%),
renewable energy (7%), climate and global change (6%), biodiversity (6%) and sustainable production
systems (4%). Of these projects, 80% were financed by UNAM and the remaining 20% by the National
Council of Science and Technology (CONACYT).
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Figure 2 shows that since 2011, the number of projects developed in this field has significantly
increased. Fifty percent of the research projects identified as related to sustainability belong to the
areas of Biology and Chemistry, 31% to Physics and Mathematics and 10% to Social Sciences and
humanities. Only 1% of these projects were registered as multidisciplinary research. The most frequent
disciplines involved in these projects are ecology, biology and earth sciences, whereas Economics is the
only discipline in the area of the Social Sciences and Humanities with 10 or more projects related to
sustainability in the period analyzed.
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Based on the Web of Science database, we estimated that between 2008 and 2016 UNAM
researchers published 39,881, these papers represent almost 28% of the scientific publications of
the Mexican academy in that period. Between these, we identified 3346 publications related to
sustainability, 8.4% of the publications produced by UNAM researchers in that period. Like the
projects, the publications that deal with issues related to sustainability have also increased in recent
years. Figure 3 shows the increase in the number of publications related to this field between 1980 and
2017, particularly accentuated in the areas of Biology and Chemistry.
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Again, it is important to note the low number of publications in social sciences related to
sustainability. These data show that research at UNAM still has a long way to go in order to build an
interdisciplinary practice in sustainability studies and suggests the need for institutional guidance
and support to promote and strengthen collaboration between research centers integrating social,
economic, ecological and technical disciplines in the field of sustainability to consolidate UNAM’s
potential contributions to address sustainability issues.

5.4. Continuing Education and Communication of Science

UNAM holds more than 100 events a year related with sustainability open to the researches,
the students and the general public, it should be noted that the CUAED database includes detailed
information only of around 10% of these events. Figures 4 and 5 show some trends regarding these
events in the last decade based on the available data.

 

Figure 4. Continuing education and communication of science activities at UNAM by year. Note:
Elaboration based on the databases on research continuing education of CUAED, UNAM.
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Figure 5. Continuing education and communication of science activities at UNAM by type. Note:
Elaboration based on the databases on research continuing education of CUAED, UNAM.

The University also has three permanent seminars related to this field that organize periodic
meetings on specific topics: The University Seminar on Hydrocarbon Research, the University Seminar
on Socio-Environmental Risk Studies and the University Seminar on Society, Environment and
Institutions. The last two of them have a multidisciplinary approach and have made various initiatives
that seek to position the environmental agenda in the public debate.

The most important unit of the University in terms of communication activities related to
sustainability is the Science Museum ‘Universum,’ located within the main campus, which houses
several permanent and temporary exhibitions of these topics and offers courses and workshops related
to environmental issues. The University has another four museums that focus on these subjects:
The Zoology museum in CU, and the Geology museum, the ‘Chopo’ museum and the ‘Casa del Lago’;
all of them located in the downtown area of Mexico City.
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5.5. Campus Management

In the last 10 years, different initiatives have been carried out to improve sustainability in the
management of the UNAM campus. However, no database concentrates this information and no
general report has been made to concentrate this data. Through a content analysis of the section
dedicated to the infrastructure of the reports of the entities and dependencies, for the last decade we
identify at least 24 different projects that address different areas of management and 854 mentions to
different sustainable management initiatives. It should be noted that there is no follow-up mechanism
to these initiatives, some of these are short-term initiatives and others have been ongoing for years,
but this information is not available. The largest number of initiatives reported are linked with energy
and, secondly, water. Figure 6 shows the distribution of these initiatives distinguishing them by area
and the year they were reported. Most of these initiatives have taken place in CU, the main campus
of the University, but some of the new campuses of the University have been important spaces of
innovation for sustainable management.
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This section describes some of the most important initiatives for the sustainable management of
campus operations at UNAM.

5.5.1. Ecological Reserves

The campus of CU includes a natural reserve of 237 hectares (just over 30% of the campus
extension), established in 1983 in order to protect a unique high-elevation xerophilous scrub ecosystem
that hosts at least 1500 native species and 317 exotic species [43]. In addition to its contributions
as a habitat for biodiversity, this reserve is an important area of water catchment for the south
of the city, an area with continuous urban growth. It also makes contributions in terms of noise
and temperature damping and CO2 uptake. The objectives of this reserve also include knowledge
dissemination, research and teaching. In sum, this reserve is the only really protected natural area in
the city of Mexico.

In addition, the UNAM is directly involved in the management of other five national reserves in
the country, where it contributes to the study and conservation of ecosystems:

• The National Park Isla Isabel, Nayarit.
• La Isla Socorro, that is part of the Revillagigedo Biosphere Reserve, Colima.
• The Biosphere Reserve Chamela-Cuixmala, Jalisco.
• The National Park La Malinche, Tlaxcala.
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• The Biosphere Reserve Los Tuxtlas, Veracruz.

5.5.2. Water Management at UNAM, Pumagua

The water supply in the main campus comes from three wells given to the University by the
National Water Commission. Considering the serious problems in efficiency of the water supply
system in Mexico City, where losses up to 40% are estimated [44], the University created the Program
of Management, Use and Reuse of Water in 2008 with the goal of achieving efficient water management
within the University. This program considers three aspects: Hydraulic balance, water quality and
promotion of social participation. As a part of this initiative the University also created the UNAM’s
Water Observatory [45], an open-access digital platform that tracks consumption and water leaks
in real time. So far, this program has been implemented in the CU campus, where it facilitated
a decrease in the average volume of extraction from 100 to 70 L per second between 2008 and 2016,
despite the increase in the number of users from 131,682 to 185,000. A similar initiative began to
be implemented in two teaching and research units located in the eastern and northern parts of the
Valley of Mexico (the Faculty of Higher Education of Zaragoza and the Faculty of Higher Education of
Acatlán). Pumagua has also been involved in projects outside the University and has been a place for
students training in water management topics.

5.5.3. Strategy for a Sustainable University at UNAM, EcoPuma

In 2009, the University created a Strategy for a Sustainable University at UNAM. The main
activities carried out within the framework of this initiative were an environmental hallmark for the
university dependencies that make efforts to reduce their environmental impact and the design and
implementation of the “EcoPuma” program [46], an initiative that promotes practices to reduce the
environmental impact of the university campuses in the following areas: Waste, energy, water, mobility,
green areas, construction, purchases and electronic administration. This initiative has promoted the
sustainable management of campuses in the University and implemented some valuable initiatives,
such as a waste management program, replacement of a part of outdoor lighting, publication of
guidelines for sustainable construction and purchases, and various outreach activities. Yet, to date its
capacity to influence the management of university campus operations is limited both in CU and in
the rest of the campuses of the University in Mexico City and in the country.

5.5.4. External Campus

As noted in previous sections, the UNAM has multiple academic units in the country, including
three external campuses (Morelia, Michoacán; Cuernavaca, Morelos; and Juriquilla, Querétaro) that
integrate various research institutes and four National Superior Study Schools (Escuela Nacional de
Estudios Superiores -ENES). Below we describe the most important initiatives towards sustainability
in some of these decentralized venues.

• Campus Morelia, Michoacán.

This campus includes seven research units, three of them address sustainability issues:
The Institute for Research in Ecosystems and Sustainability, the Center for Research in Environmental
Geography and a Unit of the Institute of Materials Research focused on sustainable materials. This
campus also houses a National School of Higher Studies (ENES) that offers 13 bachelor’s degrees and
five postgraduate degrees. Several of these programs have a close link with sustainability, between
these: The degrees in Environmental Sciences, Ecology, Geosciences, Sustainable Materials Science,
Social Studies and Local Management; and the postgraduate degrees in Biological Sciences, Earth
Sciences and Sustainability Sciences.

The operational management of the campus also include principles on sustainability, particularly
in the ENES, that was built more recently and considered sustainability in its architectural design and
planning, implementing various strategies, such as the establishment of a wastewater treatment plant,
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a rainwater harvesting system, the installation of drinking water fountains to avoid the use of plastic
bottles, an energy saving program, a solar panels for water heaters, a landscape project that decreases
the water used for irrigation and contributes to the conservation of plant species, a waste management
program that includes garbage composting and recycling, and a bicycle loan service.

• Campus Cuernavaca, Morelos.

This campus also includes seven research units, among them the Institute for Renewable Energies,
that offers a degree in Engineering in Renewable Energy and participates in the postgraduate courses
in Energy Engineering, Engineering in Materials and Physics. This campus also has two other research
units where key issues for sustainability are addressed: The Institute of Biotechnology and the Regional
Center for Multidisciplinary Research.

The main initiative for the sustainable operation of the campus is the separation of waste and the
composting of organic waste through the Integral Solid Waste Management Program [47], which has
been operating since 2014. Through this program, in 2017, the campus recycled 8 tons of urban waste
(paper/cardboard, PET, bags, glass, tin, aluminum, batteries and iron) and transformed 90% of its food
waste and 100% of its gardening waste into compost.

• ENES León, Guanajuato.

This ENES does not have an academic profile oriented towards sustainability, but it has
incorporated sustainability in its campus management since its foundation. Its campus has
a sustainability office [48] that promotes different initiatives, such as the installation of solar panels for
outdoor lighting, a system for the free use of bicycles and the design of a bike path, a garden area with
native plants irrigated with treated water contributing to the capture of rainwater, the installation of
drinking water fountains and an electronic waste collection campaign organized by the students.

6. Discussion

The previous section shows that, over the last decade, multiple initiatives related to the
environment and sustainability have been initiated at UNAM. Some of these have had a short-term
nature, but many others are the result of institutional efforts to include sustainability as a priority of
the University. This is the case with the formation of several research centers and study programs
specializing in sustainability issues reported in the first two sections of our results. Another example is
the formulation and implementation of strategies to reduce the environmental impacts of University
activities in the design of some of the new UNAM campuses in the country, such as ENES Morelia and
ENES Leon. However, until now, many of these initiatives have remained isolated and this has made it
difficult to consolidate them in the long term. Besides, the existing initiatives respond, to a large extent,
to the projects and interests of particular actors within the University and are not based on a general
diagnosis of the advances and pending of the University in this field. The lack of an overall vision of
the advances, priorities and challenges of the University to become a sustainable university makes
it difficult for the University to address, in a systematic way, the pending tasks and overcome the
obstacles for its consolidation as a sustainable university. Among the areas that the University needs
to strengthen for this purpose, the present study suggests: To extend the academic offer in subjects
related to sustainability at the undergraduate level and include subjects on sustainability in those
programs that do not yet consider the subject, for example: Administration, Arts, Computer Science,
Philosophy, History, Mathematics, Medicine and Pedagogy; to promote interdisciplinary research
agendas around contemporary socio-ecological challenges; reformulate the campus management
schemes to give priority to sustainable strategies in all university campuses and define indicators to
monitor the performance sustainable management strategies implemented; to include students and
the university community at large as key actors in the sustainability strategies of the University; and to
enhance collaboration with public and social actors in order to address the sustainability problems of
the cities and regions where the university campuses are located.

101



Sustainability 2018, 10, 4840

The obstacles and opportunities that UNAM have faced and still faces in its efforts to incorporate
sustainability into its substantive tasks and campus management are multi-faceted problems. From
this case, we highlight the importance of a university joint project that guides the transition
towards sustainability in universities [49–52] as part of the construction of a “whole institutional
approach”, as outlined by the UNESCO’s Global Action Programme on Education for Sustainable
Development [53]. Amongst the institutional challenges for the development of sustainable universities,
researchers have identified the divergence between academics, students and administration staff
members as a potential source of power struggles and divisions [54]. This discussion is relevant for
all universities but is particularly important for macro-universities, such as UNAM, where visions
and subgroups multiply, making the articulation of a sustainable university initiatives not only more
complex but also more important. UNAM consists of more than 130 entities and dependencies with
their own histories and contrasting visions about the priorities of the University and the role of and
importance given to sustainability. The size and complexity of its organizational structure, the diversity
of institutional actors and the institutional inertias that have developed over more than a century have
hindered both the construction of a unitary sustainable university project and the implementation of
a transversal program of sustainable campus management. At the same time, it is important to consider
that the initiatives carried out in this field often receive positive responses from many members of the
academic community and have a broad social demand, showing that there is a field of opportunity for
the growth of these initiatives that the University has not yet fully responded to.

7. Conclusions

To better understand the process of incorporating sustainability into the substantial tasks of
UNAM, one should begin by considering the common perception of sustainability in Mexico as
an issue secondary to other social problems, such as poverty, lack of security and lack of democracy.
This perception is present both in political areas and in multiple social spheres. It permeates the
definition of research agenda and the teaching priorities within universities, underestimating the
impacts of environmental degradation on quality of life and social welfare, as well as the fact that
investments on sustainability are crucial for the present and for the future.

To contribute to the development of increasingly sustainable societies is one of universities’
essential tasks in order to comply with their social responsibility, especially for public universities of
the Global South. The UNAM Institutional Development Plan 2015–2019 acknowledges environmental
crises amongst the main contemporary challenges faced by the University and commits to incorporate
sustainability perspectives in teaching, research, communication and culture, as well as in the structural
and operational aspects of its campus management. However, the lack of articulation of existing
sustainable initiatives and the multiplicity of missing areas, discussed in the previous sections,
suggest that the University faces institutional challenges in translating this political will and the
broad set of initiatives implemented to date in a systematic and sustained process of transition
towards sustainability.

This research confirms what has been exposed in other works that point out that to incorporate
sustainability as a core dimension of academic activities and decision making in universities
these institutions need to make important changes in their governance schemes [55] and identify
organizational development as a key factor to strengthen transformational processes towards
sustainability [23,24], institutionalize it and ensure the continuity and consolidation of the sustainability
projects over time. From the meetings we had with actors who have promoted or have been responsible
for sustainability initiatives at UNAM, it seems clear that this demands not only clear leadership and
will from university authorities but also the support of key actors at all organizational levels of the
universities, processes of dialogue and construction of agreements to articulate existing initiatives,
and an inclusive and participative strategy that involves students, academics and administrative staff
members and that encourages collaboration within university communities.
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Among the topics of future research regarding the incorporation of sustainability in the substantive
areas of the UNAM we consider important to highlight: A meta-analysis of research projects and
publications to identify the most studied topics and those that still need to be promoted; a network
analysis of the academics involved in these works and the extent to which they are incorporating inter-
and trans-disciplinary methodologies; and the spaces and strategies used by researchers to link and
influence local contexts.
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Abstract: Gender equality is essential to social justice and sustainable development in the higher
education sector. An important aspect thereof is to promote equal opportunities for academic
careers. This study investigates the current situation and possibilities for improvement in this regard
from the perspectives of mid-career scientists in a sustainability-oriented university department.
A survey of scientists from the postdoctoral to adjunct professor level (N = 82) in the Department
of Environmental Systems Science (D-USYS) of ETH Zurich (Swiss Federal Institute of Technology
Zurich) was thus conducted to investigate judgements, experiences, and ideas for improvement
concerning equal career opportunities. About 90% of the respondents perceived no disadvantages
based on gender, ethnicity, race, or faith. However, about 30% felt disadvantaged due to their age.
Comments revealed not a single case in which latter disadvantages were based on prejudice. Instead,
ETH-wide or national age and time-based restrictions for certain positions caused the inequality
perceptions. Furthermore, comments indicated that these restrictions can disadvantage scientists
taking care of children. Some participants suggested a revision or removal of corresponding rules.
Further suggestions included an improved availability of childcare places. ETH Zurich recently
undertook great efforts to provide excellent and affordable childcare services, increasing the number
of available places by about 30% in the year following this survey.

Keywords: equal opportunities; academic career; sustainable development; gender; age; discrimination;
leaky pipeline

1. Introduction

Creating equal opportunities for people of different genders, races, nationalities, and ages
represents a crucial goal of sustainable development in a society, as it includes justice regarding
the possibilities of humans to satisfy their needs [1]. The higher education sector is taking a leading
role for society’s transition towards sustainable development, and should therefore be in the vanguard
for creating equal opportunities as it is for other facets of sustainability [2–6]. However, barriers to
women in science remain common worldwide, despite efforts at levelling the playing field [7–12].

In Switzerland, a Federal Equal Opportunity at Universities Program was launched in 2000 and
has since been continued through various phases. The main foci of the program are gender equality
and work–family–life balance; similar to other European countries also in Switzerland women are
underrepresented in high academic positions. Thus, a long-term goal of the program is to prevent a
loss of talent [13,14]. The Swiss Equal Opportunity Program included (i) an incentive (sub-)program
for the promotion of female professors; (ii) a mentoring program for the promotion of female junior
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researchers; and (iii) a work–life program for greater balance between academic career and family,
which prompted all of the Swiss universities to introduce childcare measures and take an additional
focus on fostering support for dual-career couples at Swiss universities. Recently, an additional
subprogram; (iv) “Gender Studies”, was included that aimed to establish this field as a scientific
discipline at Swiss universities. In response to this program, the Swiss Universities developed action
plans, and positive trends on gender equality were observed since the start of the program [15–17].

For example, to increase the compatibility between work and family, in 2014, ETH Zurich (Swiss
Federal Institute of Technology Zurich) introduced new possibilities for financial support for bearing
the costs of childcare services and founded an internal service subdivision, “Hello Kids!”, to support
families with young children in an encompassing way by providing consultancy services, helping in
the procurement of childcare services, and assisting in the access of financial support [18].

However, women remain underrepresented in higher academic positions, even though the share
of females among the graduates of Master’s and comparable programs in Switzerland has more than
doubled during the last 40 years, and is now at approximately 50% [19]. The number of doctorates
completed at Swiss universities continuously increased from 3320 in 2008 to 4151 in 2017, and the
percentage of doctorates completed by females continuously increased from 41.3% to 44.8% during
that period [20]. However, among the 3500 professorships at Swiss universities, only about 20% were
held by female professors in 2016 [21], and the share of females among newly appointed professors
was approximately 33%, still far from a 50% ratio.

The scientific community is faced with a well-documented phenomenon dubbed
“leaky pipeline” [22], which means that high drop-out rates of women at each step of the job
ladder in academic careers, particularly in the steps beyond postdoc, lead to a decline in the share of
females with increasing positions.

Does the leaky pipeline phenomenon exist at ETH Zurich, a technology-oriented university with a
share of 30.6% female students in 2016? A comparison of shares of women at increasingly senior career
levels shows that it does: females constitute 31.2% of the doctoral candidates, 28.5% of the candidates
on the postdoctoral level, 23.9% on the senior scientific assistant level, 14.9% of senior scientists, and
13.5% of professors [23]. These numbers refer to the average situation at ETH Zurich. However, there
are, differences among its 16 departments as the percentages of female students range from 10.2% in the
Department of Mechanical and Process Engineering (D-MAVT) and three further departments with less
than 20% females (e.g., Department of Computer Science, Department of Information Technology and
Electrical Engineering, and the Department of Physics) to slightly more than 50% in the Department of
Biology and in the ETH Department of Environmental Systems Science (D-USYS) to 63.5% females in
the Department of Health Sciences and Technology (D-HEST) [23].

The ETH Department of Environmental Systems Science (D-USYS)—where our study was
conducted—has a considerably higher than average proportion of female students for ETH, with 54.4%
in 2016. This may be due to the multi, inter, and transdisciplinary sustainability orientation of the
study programs that D-USYS offers (Bachelor’s and Master’s degree programs in both Agricultural
Sciences and Environmental Sciences), which take a systemic view on environmental systems and
human–environment systems and comprise, next to education in natural sciences, also education
in social sciences, environmental policy, and economics. Having the second highest percentage of
female students among 16 departments, D-USYS cannot be regarded as representative for ETH Zurich.
However, the dedicated sustainability orientation of the D-USYS mission, research, and teaching may
be connected to a high sensitivity of its members, also in relation to the sustainability aspects of internal
processes. The proportions of women on sequential career levels decrease at D-USYS from 48% on the
doctoral candidate and postdoctoral levels, to 39% at the senior scientific assistant level, to 15% among
female senior scientists, and 16% female professors overall in 2015 [24].

The factors causing the “leaky pipeline” phenomenon are not yet fully understood. It is
likely a combination of traditional social roles, difficulties with reconciling work and family life,
a reduced integration of women in professional academic networks, the lower career ambitions
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of women compared to men, and less self-confidence in their own academic capabilities [9,25,26].
Other contributing factors are negative biases in the perception of female applications [27–29], better
working conditions for men as compared to females at universities [12,30,31], and a high workload of
females with academic service activities negatively impacting research productivity [32].

A study based on Swiss data confirmed that the reconciliation of family and work—especially
with the birth of a child directly after the doctorate—is a factor, which tends to disadvantage women
in the development of their academic career, and also identified the poorer integration of emerging
female researchers in international academic networks as an important interrelated and contributing
factor [19]. Mentoring strategies have been applied to increase self-confidence of female researchers
and enhance their embedding in scientific networks to support their careers, but gender imbalances
still exist [9,14,25,26].

A global comparison of female-to-male ratios of papers published by country shows that
Switzerland is in company with Austria and Germany at the lower end [11]. The authors of the
latter study caution against simplistic explanations, but point to connections between gender issues
and age discrimination, which are often subtle. They encourage institutions to analyse their local
micromechanisms within the social, cultural, economic, and political contexts. Various studies
show and explain how ageism and gender issues are related to each other [33–37]. However,
apparently age-related stereotypes, generalisations, and discrimination have not caused the same
public attention and academic attention as sexism or racism. Instead, age prejudice is to a considerable
extent socially condoned, and even institutionalised [38]. The empirical basis on processes of
age-related discrimination seems still underdeveloped, and the impact is under-reported [37,39].
Age discrimination mostly affects elder people, and may bear psychological, social, and economic costs
for them, for example if they are not promoted or disadvantaged in an application process because of
their age. There may also be negative macroeconomic impacts. According to Grossman [39], “society’s
lack of concern for this type of discrimination may prove more costly in the future as employers look
more to older workers to fill projected workforce gaps (p. 71)”.

An important aspect that merits attention in this regard is the formal age and time-based rules
and restrictions on certain positions and/or career opportunities. Such formal limitations can in
principle concern all people in certain phases of their lifespan and career path, which lends them a
neutral appearance. However, they may nevertheless produce inequality, for example, if they favour
people with “traditional” highly focussed career paths. A continuing dominance of masculine values
and practices within the academic system, including aspects such as strong hierarchies and high
competitiveness, has been criticized by various scholars [40–42]. Time and age-based rules that have
been developed in the context of such values could pose a disadvantage to the increasing number of
people with a higher diversity of life, responsibilities, and occupations. For example, people with a
significant dedication to volunteer work and social service, sports, or other aspirations, or gave birth
to children, helped to raise children, or took care of other dependents or people with health problems,
may be discriminated against by time or age-based limitations if they are not designed with foresight.
Even though much progress has been made, traditional social norms associating women with family
and childcare are to some extent still operative in higher education institutions, and make it difficult to
combine being a mother with advancement in the academic career [43]. Time and age-based rules may
be one aspect perpetuating this problem.

In particular, in an academic setting, such age and time-based restrictions seem widespread.
For example, at ETH Zurich, there is a 35-year rule for assistant professors and two six-year rules for
other scientific staff [44,45]. Assistant professorships are usually not granted to persons older than
35 years at ETH Zurich. Exceptions from this rule can only be made if the applicant has (a) considerable
industrial experience, or (b) served in the military for longer than usual, and/or if (c) his or her career
has been delayed by parenthood. In addition, the upper age limit can be raised to 37 years in the
case of extraordinary qualification of the applicant [45], but under such circumstances, applicants will
normally be directly employed as tenured professors.
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Temporal working contracts at the PhD/postdoctoral levels at ETH are restricted to a maximum
of total six years, and temporal contracts at the senior scientific assistant/senior scientist levels are
likewise restricted to a maximum of six years. These six-year rules have been summarized in a
school-specific ordinance in 2001 as a result of a broad discussion within ETH Zurich about academic
careers [44]. Together, both rules rule form a kind of 12-year rule, since exceptional prolongations
granted for the first six years are subtracted from the potential duration of the second six-year period
as a senior scientific assistant.

At the postdoctoral level, no open-ended contracts are offered, and only few permanent senior
scientist positions are available. The situation at ETH Zurich is similar to other Swiss universities in
this regard. A number of scientists have criticised that the Swiss academic system currently offers not
enough open-ended positions apart from full professorships, which renders academic “Mittelbau”
positions unattractive and even risky for a career, possibly impeding the scientific education of current
and future generations [46–48]. According to a study by the State Secretariat for Education, Research,
and Innovation, the provision of more open-ended contracts is as a major concern of Swiss mid-career
scientists [15]. According to the survey, only 28% of the scientists with a completed doctorate working at
Swiss universities (excluding professors) have an open-ended contract. The percentage among female
scientists is about 20%, and is even lower than among males, with approximately 33% open-ended
positions [15]. Among those still working in academia five years after their doctorate, 55% have
time-limited contracts, 30% have open-ended contracts as scientists or lecturers, and 15% obtained a
professorship. Half of these professorships were obtained outside Switzerland, 25% were obtained
at Swiss universities and a further 25% were obtained at Swiss universities of applied sciences and
elsewhere [21].

At D-USYS, there are currently 35 full professors, nine assistant professors, and 36 senior scientists
with permanent contracts. However, there are more scientists with time-limited contracts, among
them about 180 persons with completed doctorates (including 118 postdocs) and 255 scientists without
completed doctorates (including 209 ongoing doctorates). Tenured ETH professors may typically
employ not more than one senior scientist on an open-ended contract. Exceptions from this rule
can be granted for certain professors and within certain departments, but of course, such exceptions
need to be in line with financial constraints. For the access to the rare and timely unlimited positions,
scientific excellence and employability are important, but age factors can play a role, as professors are
only allowed to provide open-ended contracts to scientists who are considerably younger than they
are themselves if the concerned ETH department commits to a long-term career development as an
independent scientist, which includes commitment to funding the person beyond the retirement of the
professor. Similar age rules also exist at other Swiss universities and in other countries. For example,
in Germany, the position of a full professorship represents an official state position that can only be
obtained up to a certain age, with the exact age limit varying between the federal states in the range
from 45 years in Baden-Württemberg to 55 years in the federal states of Saarland and Bremen [49].

Apart from gender and age issues, further aspects of equal opportunities in science careers include
possible disadvantages due to race, nationality, and faith. Indications of prejudice and other barriers to
equal opportunities at higher education institutions based on ethnic and cultural aspects have been
found in various studies [50,51].

On the outlined background, the present study investigates the perception of important aspects
of equal opportunities among scientists working in the Department of Environmental Systems Science
(D-USYS) at ETH Zurich regarding gender and family situations, as well as national, ethnic, religious,
racial, and age-related factors. Thus, this study aims to improve the understanding of how existing
structures work at this particular workplace, and of the resulting actual conditions in relation to
equal opportunities.

D-USYS conducts research and teaching with a strong orientation towards sustainability.
The department’s activities thus include research on environmental systems and their relevance to
society as well as training future generations of scientists and sustainability-oriented decision-makers
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in society, industry, and politics. Research into the professions of the graduates indeed showed that they
enter a broad range of professional domains such as research institutes and universities, environmental
planning and engineering companies, trade and insurance companies, public administration
and environmental non-governmental organisations (NGOs), and that they have a considerable
sustainability outreach through their activities [52,53]. Consistent with its mission, the department
aims to be in the vanguard of sustainable development also regarding internal processes. In line with
this aspiration, the study presented here was commissioned by the department leadership.

2. Materials and Methods

2.1. Survey among Advanced Academics Working at D-USYS

A survey was conducted among scientists within D-USYS who form part of the so-called academic
“Mittelbau”, which is a term used in Germany, Austria, and Switzerland to denote the graduated
academic staff below the professorial level, with minor differences between these countries in the
exact definition of the term. In Switzerland, the Mittelbau includes graduated persons working in a
broad range of positions ranging from doctoral students, via scientific assistants and postdoc, to senior
scientific assistants, senior scientists, titular professors, and also includes assistant professors [54].
The focus of the study was on scientists who already have advanced considerably on their academic
career path, and have long-time experience and insight into working-life at D-USYS. Therefore, the
survey exclusively targeted scientists who have already completed a doctorate or PhD (at D-USYS
or elsewhere), and after its completion have been working for at least one year in the department.
We refer to such scientists as “Mittelbau” here (though advanced Mittelbau would be more precise).
Strategic research foci across the department’s professorships, in which these mid-career scientists
work, include climate change, food security, sustainable resource use, biological diversity, as well as
adaptation and ecosystem processes and services [55], and in addition, their scientific activities focus
diverse further sustainability-oriented research topics. They also contribute substantially to teaching
in the degree programs that D-USYS offers.

Opinions, judgments, experiences, and ideas that are relevant to equal career opportunities were
collected within an online survey that covered various aspects of work–life including the current
position, tasks, and responsibilities as well as career perspectives and goals of the participants.
The overall survey was comprised of 53 items in total, including open-ended and closed-ended
questions. The first two items aimed to identify whether the responder belonged to the targeted group
(see above). Thereafter, the main part addressed academic background, employment history, current
tasks and responsibilities, and career planning, as well as aspects impacting equal opportunities with
regard to gender, age, ethnic, religious, and family aspects. Subsequently, ideas were invited for
improving work–life in general terms and ensuring equal career opportunities for employees with
and without children or other dependents. Finally, demographic information (gender, age, nationality)
was elicited.

The present article does not cover the entire questionnaire, but focusses on items related to equal
opportunities. This includes first and foremost the specific questions addressing this issue directly as
described in the following.

Participants were asked: “Do you feel that you are in any way disadvantaged at D-USYS due
to gender, ethnicity, race, or faith?” The possible responses to this question were “yes”, “rather yes”,
“rather no”, “no”, and “I don’t know”. These responses were coded as a four-point rating scale,
from “yes” (= 1) to “no” (= 4), but the answer “I don’t know” was considered apart from this scale.
An additional, open-ended question asked for comments to explain their own rating. Furthermore, the
participants were asked: “Do you feel in any way disadvantaged at D-USYS due to age?” Here, the
possible responses were “yes”, “no”, and “I don’t know”. Those answering with “yes” were asked to
provide a comment explaining the disadvantages that they perceived.
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To investigate the equal opportunities of parents with young children as well as people who have
to take care of other dependents, a filter question asked: “Do you have children or other dependents
(e.g., elderly relatives etc.) that need taking care of in your household?” The possible responses were
“yes, children”, “yes, other dependents”, and “no”. Those responding with “yes” were addressed
in an open-ended format by the additional item: “Did having children or other dependents in your
household change your career path? If so, please specify.” Furthermore, all participants were asked
about possibilities for improving equal opportunities through the question “Could D-USYS or ETH
do more to ensure equal career opportunities for employees with and without children or other
dependents?” The possible responses were “yes”, “no”, and “I don’t know”, and a further open-ended
question asked for corresponding suggestions or comments.

2.2. Recruitment and Number of Participants

The survey invitation was sent out on 5 November 2015 to 489 email addresses from a
corresponding list containing all of the current members of the total D-USYS Mittelbau and technical
staff. The survey was open from then on till 28 December 2015. In total, 156 members of D-USYS visited
the online survey and responded to the first question. A majority of 62% of them had a doctorate (PhD)
degree. These 96 persons were further asked whether they had been working at D-USYS for at least one
year since the completion of the PhD/doctorate. The 82 who answered with “yes” therefore belonged
to the target group at which the survey was directed (86% of 95 respondents to the second question).

All members of the target group responded to the survey, so that the maximum sample size
available for the reported analyses was N = 82 (although the number of responses varies slightly
between items). For some items, it was obligatory to respond in order to be able to proceed further
with the survey, but for most items, responding was not defined as obligatory. For example, responses
were not obligatory for the items on gender and nationality, as some people may not wish to respond
to this on diverse grounds. Answering open-ended questions was likewise not defined as obligatory
to prevent drop-outs and allow smooth proceeding through the questionnaire. Of the participants
from the target group, 77 completed the whole questionnaire up to the last obligatory item “year of
birth” (i.e., age after transformation for statistical analysis and reporting). The drop-out rate was thus
6%, which is very low in light of the considerable length and number of questions and sub-questions
that the survey contained. Completing the survey took on average 26.6 min (SD = 12.8, median = 22.5,
mode = 20), with a range from 10 min to 59 min.

2.3. Demographic Distribution of Participants

The item asking for the gender of the participants was answered by 77 people. The resulting
gender distribution was 58.4% males, 39.0% females, and 2.6% “other”. The average age of the
participants was 39.3 years (SD = 8.3) with a median of 37 years, and a modulus of 35 years (12 persons).
Considering persons with single nationalities, the majority of the 72 respondents to the respective
question were either German (33.3%) or Swiss (27.8%), followed by British, French, and Austrian (with
4.2% each), and Italian with 2.8%. In addition, some persons had double nationalities: 4.2% were Swiss
and German, and likewise, 4.2% were Swiss and French. The remaining 15.3% had nine different single
nationalities from six European and three non-European countries, and two had double nationalities.

3. Results

3.1. Perceived Disadvantages Due To Gender, Ethnicity, Race or Faith

A large majority of 81.8% of the participants responded with a straight “no” to the question
regarding whether they felt disadvantaged at D-USYS due to gender, ethnicity, race, or faith, and a
further 7.8% responded with “rather no” (Figure 1). Still, in total, 9.1% of the participants responded
with “yes” (6.5%) or “rather yes” (2.6%), and 1.3% responded with “I do not know”. When considering
the responses as ratings on a four point-scale (1 = no, 2 = rather no, 3 = rather yes, 4 = yes; excluding the
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one person responding “I don’t know”) the average rating of the Mittelbau members was with M = 1.3
(SD = 0.8) only slightly above “no”. However, the average rating of the females was with M = 1.7
(SD = 1.2), which was significantly higher than that of the males with M = 1.0 (SD = 0.2; Mann–Whitney
U-Test p < 0.001), reflecting more perceived disadvantages among females as compared to males.

Figure 1. Do you feel that you are in any way disadvantaged in the Department of Environmental
Systems Science (D-USYS) due to gender, ethnicity, race or faith? (N = 77).

Only 13 participants commented on their response (Table 1). Among them, seven had responded
with “no” and four had responded with “yes”, so those perceiving inequality were more inclined to
give detailed comments. Various comments from participants who responded “yes” spoke of gender
inequality (Table 1, comments #1–4). A male participant who responded “no”, since the question asked
if he felt disadvantaged due to gender, nevertheless perceived gender-based inequalities (comment #8).
Two comments on “rather yes” (#5–6) referred to gender inequality, but additionally raised issues
of ethnicity or nationality. Comments #4 and #7 pointed to the same issue of a woman’s contract
continuing when she takes maternity leave, which reduces the maximum contracted time allowing her
to do research at ETH Zurich, because of the two sequential six-year rules described in the introduction.
Both responses thus point to the distinct relationship between gender and academic or biological age
that may result in a competitive disadvantage of females compared to men.

Table 1. Comments of the participants on their responses to the question: “Do you feel that you are in
any way disadvantaged at D-USYS due to gender, ethnicity, race, or faith?” 1.

Comments on “Yes”

1
As a woman, and as the spouse of a professor, I sometimes run into weird expectations, such that people
are unaware of my own achievements and my genuine skills that justify my being here. Meeting times are
not family-friendly.

2 Indirectly, being a woman at this age in research brings an undeniable conflict between family plans and
career, which can be overwhelming. Support here is still unsatisfactory.

3 Men have better conditions than I have, especially regarding the rate of employment compared to
workload.

4
My maternity leave lasted four months, after which I resumed 100%; nonetheless, I am disadvantaged
compared to my male colleagues, because my contract cannot be prolonged for this period. But it is not
my fault that I am female, the gender that gives birth.

Comments on “Rather yes”

5 There is a subtle aggressiveness towards women and German people.

6 Sadly, I think ethnicity plays a role, and gender too, even if less than ethnicity.

Comments on “Rather no”
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Table 1. Cont.

Comments on “Yes”

7 During my maternity leave, my contract continued, in other words, my maximum time at D-USYS is four
months shorter than for people who did not take maternity leave.

Comments on “No”

8 As a male, I do not, but I certainly feel there are some gender-based disadvantages.

9 This answer refers to D-USYS specifically. Not valid for ETH (e.g., biological age limits for
professorships).

10 The question should be broader: the disadvantage in the academic system in Switzerland...

11 I am sure in our group, the research questions are not related to the experiences of the staff.

12 I find my group to be quite fair on such issues. I myself, having been trained in Canada, am quite aware
and sensitive to such issues.

13 Very open-minded environment.
1 Comments are sorted according to judgments from “Yes” to “No”. All answers are listed; only 13 participants
commented on their response.

Some comments of those who responded with “no” to the question of perceived disadvantages
nevertheless mention corresponding issues. For example, comment #9 criticises biological age limits
at ETH Zurich in general, and comment #10 hints to the even broader context of inequalities within
the entire “Swiss academic system”. So, both respondents refused to attribute existing inequalities to
D-USYS, presumably recognising that D-USYS is legally required to apply the rules defined on higher
levels. Finally, there are three purely positive comments, stressing the perception that D-USYS is a
non-discriminatory environment (comments #11–13).

3.2. Perceived Disadvantages Due To Age

There exist various age limitations for career steps in the Swiss academic system based on
academic age or biological age. Therefore, the question, “Do you feel in any way disadvantaged
at D-USYS due to age?” was specifically asked in the survey. A clear majority of 61% did not feel
disadvantaged because of their age. However, a substantial share of just under 30% of the respondents
answered with “yes”, while a further 9.1% were unsure and replied, “I do not know” (Figure 2).
Among women, the percentage of “yes” responses was 33.3%, which was not significantly higher than
among males with 26.7% (Chi-square test, df = 1, p = 0.461).

Figure 2. Do you feel in any way disadvantaged at D-USYS due to age? (N = 77).

The comments provided by those responding with “yes” are listed in Table 2. They show that
feeling disadvantaged based on academic and biological age is an important topic in D-USYS, and
hence presumably in the Swiss University system as a whole, since the age-based rules are predefined
on the national level. Twelve of the comments directly mention the 35-year-rule [45], i.e., the age
limit for becoming an assistant professor at ETH (comments #1–12, Table 2), possibly recognising
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that the specific exceptions that have been defined within this rule will not be applicable to them.
Comments #13–15 criticise the six-year rules, which limit the duration of PhD, postdoc, and similar
positions as well as those of (non-permanent) senior scientific assistants and similar employments [44].
Two of these comments link these rules to disadvantages for scientists with children (or illness, or
other dependents, e.g., comments #14 and #15). Comments #17 and #18 criticise an age-related custom
at ETH Zurich that disadvantages researchers who are considerably (typically more five years or more)
younger than their employing professor, namely that open-ended employments are only granted to
such scientists under the precondition that the concerned ETH department can ensure their scientific
perspective, including financing also for the time after the professor has retired. Various responses
doubt that age and time limits serve scientific quality or the institution as a whole. Comment #16 states
that the issue of age discrimination is not addressed at USYS, but it should be.

Table 2. Comments of the participants feeling disadvantaged at D-USYS due to age 1.

Number Response

1 35-year age limit for assistant professors.

2 As I started my PhD late, I am unable to apply for assistant professor or professor positions at ETH.

3 I see the age limit of 35 to become an assistant professor as a great career hindrance.

4 Cannot become (junior) professor here since I am older than 35.

5 I am over 35 so I feel like I am worthless according to the ETH hiring scheme.

6
I decided not to apply for ERC grants (European Research Council grants) because I was 36. Age
limits (35) to get a position of assistant professor at ETH was the reason. I am not sure that the age-
based discrimination has a robust motivation behind it.

7 I had a career before I became an academic and certainly feel that my age (not my academic age) has
been a serious disadvantage; for example, I would be too old to apply for assistant professorships.

8 I was thinking about applying for a SNF (Swiss National Science Foundation) professorship. I was
not restricted by age from SNF, but from ETH, because I would need to be not older than 35.

9 No chance to become assistant professor.

10
The ETH regulations on age (35 years for asst. prof.) prevent me from applying for ERC grants. The
six-year constraint makes it practically impossible to attract external funds, as I am unlikely to be
allowed to stay until the project ends.

11 Too old for becoming an assistant professor at ETH with own funding (e.g., ERC or SNF).

12 Employment regulations do not allow becoming permanent beyond a certain age limit. The 35-year
rule for becoming an assistant professor does not always reflect personal career paths.

13 There is no future within the D-USYS that is foreseeable due to the maximum lifetime as postdoc
(six years) or Oberassistent 2 (six years).

14
The age limits at ETH are definitely discouraging and counterproductive. Excellence has nothing to
do with age. I feel that these limits also definitely discriminate researchers with families and
children.

15
The academic age thing is just as academic-ageist as ageist rules. If you do anything after your
PhD—injury, baby, even time off—then how does that make you a less good researcher than
someone who had an injury/baby/sickness/time off before they completed?

16 There are age limits on opportunities that I do not understand. Age discrimination is not a topic
here, but it should be.

17 No chance to get a permanent contract due to age difference to professor.

18 Permanent position not possible due to age difference to professor.

19 I am “old” and therefore disadvantaged in any kind of hiring process.

20 At 58, there is no real career to follow;-)
1 20 of the 23 participants feeling disadvantaged added such a comment. 2 The term “Oberassistent” literally
translates to senior scientific assistant and denotes a common scientific position above the Postdoc level at
ETH Zurich.
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3.3. Perceived Disadvantages Due To Having Children or Other Dependents

A total of 44.2% of the respondents had children (42.9%) or other dependents (1.3%) that they
needed to take care of at home. These participants were asked whether having children or other
dependents changed their career path. Their answers are shown in Table 3.

Table 3. Responses of participants with children or other dependents in their household to the question
whether and how this influenced their career path.

Comments indicating “No/rather no”

1–3 No/No, not yet/Not yet

4 I don’t think so. Maybe I don’t dedicate as much time to work as I would have otherwise and maybe this
reduces my academic output, and maybe this is the reason why I am not a professor. But I don’t think so.

Comments indicating “Yes/rather yes”

5 Yes of course!! I moved to Switzerland when we had our first child. It is much harder to move a whole
family just because of your own career.

6 Yes, having a job abroad is much more difficult.

7 Yes, my decision to permanently stay in Switzerland.

8 Yes, I work part-time.

9
Yes—I reduced my workload to 80% (sometimes 70%) when the kids were small; this reduced my
potential to compete against 130% devoted applicants for professorial positions, and hence I accepted the
position at ETH that I am having now.

10 Yes, it did. I do not want to work full-time as long as my kids are smallish. One of my kids in particular
did not agree with caretaking outside of the family very much. He could only be stretched so far with that.

11 Yes, it slowed down my career and reduced the number of following career steps (e.g., going abroad for a
few months/years, only part-time jobs).

12 Yes. Less time for work, since family-unfriendly conditions in Switzerland make the balance between
work and private life a constant struggle.

13 In some way, as other factors become more important than work and career.

14 Yes. I reassessed my priorities and am questioning the validity of staying in an academic career.

15 Yes. I am seeking a job that allows a better work/life balance.

16 Yes, without children, I would probably have gone for a professorship, but with them, I did not want to.

17 Yes, social responsibilities come at a cost: precious time.

18 Yes, I became very efficient and adaptive: nothing is projectable anyway.

19 Yes, but not regarding employment at ETH. 1

1 All answers are listed; only 19 participants provided a response.

Only one comment was a strict “no” (#1), whereas some responses reflected uncertainty around
whether and how children have influenced or will affect their career (comments #2–4). The people
who saw an impact on their careers explained this by reduced mobility (comments #5–7), reduced
time available for work and/or a shift to part-time employment (e.g., comments #8–12), and shifted
priorities when raising children (e.g., comments #13–15). Many of these respondents thus mentioned
conscious shifts in career planning and time management as a consequence of having children.

3.4. Suggestions for Improving Opportunities of Employees with Children

When asked whether D-USYS or ETH Zurich as a whole could do more to ensure equal career
opportunities for employees with and without children or other dependents, the majority of the
participants (53.2%) responded with “I don’t know”; only 6.5% responded “no”, and 40.3% responded
with “yes” (31 respondents). The high percentage of those who said “I don’t know” shows a prevalent
uncertainty amongst the participants.
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In total, 22 participants commented on what D-USYS and ETH Zurich could do to improve equal
opportunities, as listed in Table 4. Various comments expressed concerns about the current accounting
of part-time employments and periods of maternity and paternity leave in relation to the two sequential
six-year rules, and suggest changes that could make it fairer for employees with children (comments
#1–4). Comment #1 thus suggests that the six-year rule should be based on the actual work time at
ETH Zurich, and not the number of years with a contract, and comment #2 suggests that the time
of maternity leave should be excluded from the six years. Further comments suggested increasing
the duration of paternity and maternity leave and introducing the possibility of sharing it between
partners, so that the father can have an equal and active role (comments #7–9). It was also suggested
that working part-time should be appreciated by the employer, particularly after the birth of a child
(comments #9–10). One of these comments (#9) explicitly mentioned the importance of the positive
attitude of superiors towards employees becoming parents.

One participant spoke to the issue of working part-time and gaining recognition, expressing that
having worked part-time should be taken into account when assessing performance, so that output is
measured against required time (comment #5).

The availability of childcare was mentioned a lot, with people asking for more (comments #12–15)
and more affordable (comments #12 and 16) and flexible (comment #17) options. One person criticised
the Swiss childcare system in general, feeling that it restricts possibilities for combining family and
career (comment #18). Other issues were the need for flexible working times and more job security
(e.g., comments #11 and #20–21). Finally, one participant suggested that partner hire positions should
be made available not only when professors are hired, but also on the level of hiring senior staff
(comment #22).

Table 4. Suggestions of participants to promote equal career opportunities for employees with and
without children/other dependents at ETH Zurich.1

Number Response

1 Allow for part-time being counted towards the six-year limit (e.g., full-time means six years stay,
75% working time gives you a max. of eight years, etc.).

2 The duration of the contract should be prolonged for the period of the maternity and paternity
leave; otherwise, there will be no gender equality at ETH.

3 The max. contract lengths is six years without taking into account whether you work full-time or
part-time.

4 See my remark about my maternity leave. (cf. Table 1, comment 7)

5 Recognition of performance should be given in consideration of the level of employment (what did
somebody achieve “in spite” of reduced working hours).

6
I think permanent academic staff should be given the opportunity to gain recognition for their
academic and teaching achievements, as is the case in most universities. The Mittelbau are
essentially lecturers, senior lecturers, and associated professors.

7 Being able to share parental leave would be great. It should not necessarily be the mother who can
only take leave.2

8
Increase the parental leave for fathers so that it can be more equally shared between couples.
Increase the parental/maternity leave in general, and ensure a reduced percentage of employment
after parental leave.

9
Longer maternal and much longer paternal leave. Official support and encouragement for part-time
positions. Transparent accounting for time for parenting when assessing career achievements.
Positive attitude of bosses towards employees becoming parents.

10 It should be easier for the parents/more accepted in general to work 50–80% for a year or so after
the baby is born.

11 For active parents, it is necessary that meetings are early in the day. Work needs to be flexible to
some extent (I have that privilege, but it depends a lot on your professor).
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Table 4. Cont.

Number Response

12 More and affordable day care centers, so that everyone gets a place who needs one. A longer
maternity break of six months would also help.

13 More child care options.

14 Offer child care.

15 I find it strange that there are so few day care spaces (“Krippenplätze”) offered by ETH. A real
problem in my eyes.

16 Fair handling of ETH day care (more focus on socioeconomic aspects; seems to be for professors
primarily and the “lucky ones”).

17
We would have profited from a system where you can bring your children to daycare *when
needed* (e.g., when I was travelling), but the system was either full package day care or no day care
at all. This does not help if partner is *not* a scientist.

18 I don’t know if D-USYS could do something in particular. But the child care system in Switzerland
makes it quite prohibitive to combine.

19 Clearer career options for technical/IT employees (or positions in-between research and technical
support).

20 More security

21 Permanent Mittelbau positions

22 Offer potential hiring for spouses of senior staff as well, not just professors.
1 All answers are listed; 22 participants provided a response. 2 According to the personnel laws of the ETH domain
[56]: “1. Female employees are entitled to four months’ full pay during maternity leave. 2. Maternity leave may
commence, upon the employee’s request, one month prior to the expected birth. 3. The second half of the maternity
leave may, after consultation with the competent instance, be taken in the form of a reduction of the contractually
agreed activity rate. If the father also works in the ETH domain, the parents can share this suspension of work
(Article 37.1-3)”. This means that splitting the second half of parental leave time between the mother and father is
(only) possible if both parents work in the ETH domain, which includes ETH Zurich, École Polytechnique Fédérale
de Lausanne (EPFL), Paul Scherrer Institute (PSI), Swiss Federal Institute for Forest, Snow and Landscape Research
(WSL), Swiss Federal Institute of Materials Science and Technology (Empa), and the Swiss Federal Institute of
Aquatic Science and Technology (Eawag). In addition, 10 days of paid paternity leave are granted to workers within
the ETH domain who are becoming fathers (Article 52).

4. Discussion

This study asked academic employees of D-USYS at ETH about their experiences, perceptions
and judgements concerning the actualisation of equal career opportunities considering ethnic, racial,
nationality, religious, and gender aspects, the compatibility of work and family, as well as age-related
aspects. About 90% of participants perceived “no” or “rather no” disadvantages based on ethnic, racial,
religious, and gender aspects. However, whereas the respective share amongst male participants is
nearly 100% perfect, at 76.6%, it is substantially lower among women, which raises some concern.

The specific comments in this regard revealed not a single indication of any discrimination with
relation to religious aspects. There were also very few—in total only two—comments reflecting
the perception of disadvantages connected to ethnic or nationality-based aspects (Table 1, #5, #6).
Accordingly, there were no substantial indications of major problems in that regard. Instead, the
outcome of the survey reflects a positive image of D-USYS as an enlightened internationally oriented
university department. This reassuring interpretation is also supported by a few comments stating
that D-USYS is a very open-minded environment, which is quite fair on such issues.

However, there were eight comments describing the perception of gender-based discrimination
(Table 1, #1 to #8, i.e., about 10% of all respondents and 61% of those adding a free response). Five of
these comments refer to gender-based discrimination as such (#1, #3, #5, #6, #8). Here, two aspects
already reported in previous literature, namely negative prejudice on women and better working
conditions for men [12,27,28,30,31] are addressed, but only by one response each. In addition, four
comments address a lack of compatibility between career perspectives and family life, and are hence
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indirectly related to gender imbalances (#1, #2, #4, #7). These latter imbalances are further substantiated
by comments on age-related disadvantages and suggestions for improving the compatibility of work
and family life. These responses can be related to the leaky pipeline and must be taken seriously. It also
needs to be acknowledged in this regard that further gender-oriented cognitions of the participants
may possibly have been cognitively suppressed by unconscious processes, as they do not fit with the
prevailing masculine-dominated conception of the academic world as rational, according to Raewyn
Connell’s theory of masculinity [57,58]. Jewkes et al. [59] thus argued that in masculine-dominated
contexts, “discussions of gendered power often need to be approached indirectly, lest resistance is
encountered to processes that may be variously seen as outrageous in questioning men’s power, or
ridiculous, where men’s power is ‘taken for granted’” (p. 117). Although negative consequences for
the expression of critique were excluded for our participants through the guaranteed anonymity
of the survey, unconscious cognitive repression processes could be operative here according to
Connell’s theory. The orientation of ETH Zurich towards the rational subjects of science and technology
and its high prestige as a scientific higher education institution may be aspects that strengthen the
psychological tendencies preventing the perception of unjustified gender inequalities. The impact of
gender and family aspects on career opportunities may thus be underestimated by members of ETH
Zurich and of other higher education institutions.

The perceived disadvantages based on biological and/or academic age were quite prevalent, with
about 30% “yes” responses. These perceived age-related disadvantages appear to be unrelated to
experiences within the direct working environment, such as personal relationships to superiors or peers
within the professorships or institutes of D-USYS. Instead, all of the detailed explanations of age-based
disadvantages refer to formally institutionalised rules defined at the university or federal levels. Rules
defined at these superior levels hinder people who surpassed a certain age to acquire certain positions
or limit the duration of staying in certain academic positions at ETH Zurich. Notably, the age limit of
35 years as an eligibility threshold for applications to become an assistant professor was mentioned
frequently, even though the rule entails exceptions (e.g., regarding parenthood) [45]. The six-year
rules defining the maximum duration of limited professional engagements as PhD/postdoc-level
scientists, and/or as senior scientific assistants [44] were also frequently criticized. The shortage of
open-ended senior scientist positions may have amplified this critique, as it greatly limits the chances
of transcending to a fixed position after the completion of these 12 years (six years PhD/postdoc plus
six years senior scientist). Furthermore, some research experience outside of ETH Zurich is usually
expected in order to achieve permanent employment. The shortage of permanent scientific positions
is not limited to ETH Zurich, and some experts thus argue for more such positions and more tenure
track assistant professorships at Swiss universities in general [47,48].

Some comments describing the gender-based disadvantages of women were related to time-based
rules, turning the latter into a gender sensitive issue. For example, after taking maternity leave, female
academics often prefer working part-time in order to have more time for taking care of their small
children. Therefore, they have less time to spend on professional scientific work than scientists without
children. The two sequential six-year rules, which do not compensate for parental leave times or
part-time work periods, thus lower their chance to reach the academic record that is required for
acquiring an assistant or a full professorship at universities worldwide. Corresponding disadvantages
for academics with children are partly compensated at ETH Zurich by granting exceptions from the
35-year age limit for applicants on assistant professorships [45]. However, the comments of a number
of scientists with young children indicate that these exceptions are felt to be insufficient to provide
equal opportunities. Age and time-based restrictions for certain positions may thus help to explain
why in particular the birth of a child after the doctorate adds to the leaky pipeline [19]. Previous
studies have shown that female scientists have on average a somewhat lower publication rate as
compared to males [60], need more time to advance in their career [61], and often have to cope with
both children and career [43]. These and possibly further aspects make females particularly vulnerable
to the excluding effects of age barriers.
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It is clear that young mothers (and fathers) who are working in science have to balance the
responsibility for their children with their career ambitions, and cannot devote themselves fully to
both. Various suggestions for improving the career opportunities of scientists with children favoured
a revision of time limits in ways that discount for maternity leave time and adjust for phases of
part-time employment.

When formal age and time limitations for scientific positions combine with gender issues,
micromechanisms are created that contribute to the leaky pipeline problem.

Various links between gender issues and age related disadvantages due to formal institutionalised
rules—as explained by several participants of the survey—add a new perspective to the discussion
of gender-specific issues of age discrimination, which has so far focussed to a large extent on
prejudice, gender roles, and gender-sensitive collective ideals and expectations of youth, beauty,
and effectiveness [33–36].

Several participants wished for the provision of more child care places, more acceptance of and
possibilities for part-time employment, or the introduction of partner hire recruitment on the senior
scientist level, and not only when hiring professors to promote equal opportunities. ETH Zurich
recently undertook great efforts to provide excellent and affordable child care services by increasing
the number of available places by about 30% in the year following this survey [62]. Furthermore, ETH
Zurich now facilitates the flexible time management of scientific personnel through allowing e.g., for
official home office arrangements between employees and their superiors [63]. Nevertheless, generally,
there still is a need for additional measures to be taken within the Swiss academic system to better
support young researchers with families [14,48].

Time limits are generally advantageous for people who are able to focus “totally” on science,
and proceed with their scientific work on the fast lane. Thus, the existing age limits may pose
disadvantages to society as a whole, since they may hinder researchers from leading a socially more
active and responsible life (e.g., raising children, engaging socially and politically). Age limits for
applicants to professorship positions have also been criticised because they give age aspects priority
over scientific excellence, experience, and expertise. These and similar age-based restrictions may
inhibit sustainable societal development, since they can cause injustice by denying equitable access to
valuable positions, and because they may hinder young researchers from combining their scientific
career with social or environmental engagement. Such age-based restrictions and inequalities are
by no means confined to Switzerland. The same is true for the interrelationships between formal
employment restrictions based on biological or academic age and compatibility between career and
family life. Furthermore, it needs to be considered in this regard that apart from the public academic
sector, similar processes linking formal or informal age barriers to gender and family aspects may also
exist and produce inequalities in the private sector and in non-academic public institutions. Therefore,
the findings of this study are of general importance for sustainable development, as their meaning
goes beyond the specific institution and country where it was conducted.
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Abstract: Universities have the extraordinary ability to generate awareness regarding all aspects
of sustainability in communities. To be successful, they must first adopt and model sustainable
concepts within their own campuses. Transportation is one of the most affective sectors on the level
of sustainability on university campuses. In recent decades, numerous universities around the world
have begun encouraging usage of active modes of transportation through various strategies. This
research has a multi-faceted approach to researching proven strategies, sampling local conditions,
and making context-driven recommendations. The literature review outlines the most effective
strategies related to Transportation Demand Management (TDM) for promoting usage of active
modes of transportation inside university campuses. After that, the condition of existing facilities and
strategies as well as commuters’ propensities related to active modes of transportation in the Eastern
Mediterranean University (EMU) campus are evaluated using both qualitative and quantitative
methods. The results include a set of recommendations and a framework for administrating,
implementing, and enhancing a sustainable transportation system thereby increasing the commuter’s
use of sustainable active modes of transportation to, from, and within the university campus.

Keywords: sustainability; transportation; sustainable modes of transportation; university campus; EMU

1. Introduction

Amid the range of its modes, transportation is capable of providing the basic requirements of
safety, well-being, comfort, health, economic growth, and social development to communities in
varying degrees. Some modes do so more efficiently than others but all modes increase mobility
and access to services, resources, other people, opportunities, and markets [1–5]. Unfortunately,
the transportation systems and planning approaches currently used in developing and developed
countries harbor pressing concerns and menace sustainability at the global level [3,5]. Due to the
ramifications of poor transportation systems, it is widely accepted that urgent changes in travel modes,
policies, and behaviors are crucial for mitigating transportation’s externalities and reducing negative
transport-related impacts [3,6,7]. Based on the concept of sustainable development, sustainable
transportation emerged from the transportation sector to address these issues [3,6,8].

Universities are unique communities with rapidly-expanding populations in need of transportation
options; simultaneously they are capable of engendering an educational milieu for sustainability [9–12].
As a result of increased university attendance, the number of commuters to and from university
campuses has likewise increased. Disproportionately, the majority of these commuters use private
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automobiles [13]. The dependency on private automobiles is directly related to the lack of appropriate
infrastructures and strategies for shared other modes of transportation [14].

This level of automobile usage directly and indirectly impacts the quality of the environment in
university campuses and their surrounding neighborhoods. Spatial impacts include congestion; poor-
or inaccessibility; occupation of land area for parking; air and noise pollution; energy consumption;
and deterioration of visual and natural conditions. In addition to these environmental impacts,
there are also many tangible and intangible social impacts such as declining health of staff, students,
and neighbors; disturbance of work, study, living, and teaching environments; reduced personal
safety and increased number of accidents; waste of time during periods of traffic congestion; and
growth of mental health problems [14–16]. These are all externalities of unsustainable transportation
systems. Fortunately, awareness about their negative impacts has greatly increased along with special
attempts by university planners to supply sustainable transportation options [9,13,17]. Consideration
of concerns related to the transportation sector is a first step in moving towards achieving sustainability
on university campuses.

The aim of this research is to promote active modes of transportation for commuting to and
from as well as transiting within university campuses in response to the challenges of enhancing
sustainability in the transportation sector. In order to achieve this aim, the objectives are:

1. Outline and argue for the benefits of sustainable transportation within university campuses;
2. Identify successful strategies for promoting the use of active modes of transportation;
3. Isolate challenges related to existing active modes of transportation inside the Eastern Mediterranean

University (EMU) campus;
4. Collect input from university staff and students to ascertain and explain recommendations that

increase the use of active modes of transportation inside university campuses; and
5. Provide a planning framework towards achieving sustainable transportation on university campuses.

The following research questions helped form the aim and its objectives:

1. What are the ways of enhancing usage levels of active modes of transportation inside
university campuses?

2. What are the determinative steps that must be considered to achieve an efficient, sustainable
transportation sector within university campuses?

2. Literature Review

Over recent years, the population of universities has increased throughout the world and a
considerable number of institutions have moved toward becoming more sustainable in order to reduce
their own negative impacts on the environment, economy, and society [18,19]. These educational
institutions, with an interest in developing their role in society, aim to be sustainable models for
other communities [12]. Unwittingly, one of their weakest points in modelling sustainability is the
daily movement of their populations by automobiles to and from, and within the campus [18,20,21].
Transportation issues are, therefore, one of the biggest challenges within university campuses and
their surrounding communities [22]. For these reasons, numerous universities have started to plan a
shift in their transportation sectors away from the use of private automobiles and towards the use of
sustainable modes of transportation [18,22,23].

Promoting sustainable modes of transportation for university campuses has many environmental,
social, and economic benefits, but the educational benefits of this effort are most profound since
internally they have a duty to educate and foster the next generation of decision makers [19,23] and
externally they have a duty to spread the most progressive knowledge into general usage. In view of
this influential position, they should act as a laboratory for testing new ideas and strategies related to
active modes of transportation [9,12,13,21]. Besides, transportation strategies which are introduced
in university campuses are often transferred to and promoted in other parts of the community when
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students, having studied and lived in the campus environment, carry what they learned both inside
and outside the classroom to the rest of the world. For both students and staff, opportunities to learn
about and become familiar with sustainable transportation systems and strategies influence their
attitudes and behaviors in the future [24].

Since promoting a multimodal and efficient transportation system within university campuses
will be the main tool for altering the transit attitudes and behaviors of graduates for eventual transfer
of strategies into their communities and daily life [25–27], there is an indispensable need for inclusion
of Transportation Demand Management (TDM) strategies in comprehensive transportation system
plans for university campuses. TDM appeared as a package in a series of executive strategies to solve
problems related to the transportation sector. TDM encourages strategies for better management to
promote more effective and environmentally-conscious attitudes about transportation. It is defined
as the art of changing transportation behavior [28]. TDM strategies have numerous benefits such as
diminished consumption of energy resources, preservation of natural resources and the environment,
efficient use of land, decreased traffic accidents and congestion, a decline in pollution, increased
transport options, and overall improvement in livability and social equity [28,29]. TDM strategies
must also provide a balance between travel choice and the motivation to decrease trips using private
cars [23]. The following sections describe several TDM strategies commonly used on university
campuses: parking management and utilization, public transportation, carpooling and vanpooling,
encouraging the use of bicycles, and providing a pedestrian-friendly campus [22,30].

(A) Parking Management and Utilization

In contemporary life, issues related to parking are one of the greatest common problems faced by
users and planners of university campuses. Issues related to parking facilities can be divided into two
different categories: supply and management [23,31]. Management approaches play a crucial role in
the solution of the parking problem and they need not only supply solutions, but also support and
provide more strategies which move toward a more efficient use of existing parking capacity.

Management approaches are also essential to a parking supply program [26,32]. Effective parking
management within TDM has a significant influence, leading to declines in requests for parking
spaces and decreases in parking costs on university campuses [22,31]. Additionally, good parking
management offers social, environmental, and economic benefits meaning, for example, increasing
livability, supporting social equity, improving service efficiency and quality, decreasing land use,
increasing walkability, and saving costs [20,28,31]. Three proven approaches to parking management
within university campuses are described as follows [23,26,30].

One of the most effective strategies within densely populated areas such as university campuses
is parking supply and restriction. This strategy has a direct effect on travel behavior and the total
number of automobiles with access to the campus [23,33]. When parking supply within the campus
does not meet the demand, users adapt to using parking outside the campus or choose alternate
modes of transportation for their commutes [34]. In most cases, the supply of fewer parking areas
within university campuses encourages commuters to use sustainable modes of transportation such as
walking, cycling, and public transportation [22,23].

Pricing of parking spots is another approach within university campuses that deters use because
it means private car owners must pay fees to use parking areas. Universities that charge both staff
and students for usage of parking facilities have better coverage of the costs of parking supply and
management as well as reductions in demand for parking and increased usage of sustainable modes of
transportation by commuters [23,26,34].

Inside university campuses, the location of parking areas can play a key role in the number
of private car users; if parking areas are located only in the central or peripheral areas of the
campus, commuters are denied the opportunity of convenience parking close to buildings and their
destinations [23]. In weighing their options, this strategy encourages car users—especially ambivalent
commuters—to choose sustainable modes of transportation to save their time and potentially gain
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more direct access to their destination. Besides reducing private car usage, strategic parking locations
can save transportation costs for both the commuters and the universities [22,33].

(B) Carpooling and Vanpooling Program

One of the more recognized TDM strategies is the carpool and vanpool program, which provides
the opportunity for users of single-occupancy private automobiles to move away from the need for
individual car trips. This strategy suggests that two or more people, who share a common source,
route, and destination, can use a single automobile [35]. This strategy usually involves people who
live and work in the same and/or nearby neighborhoods [22,36]. Joint users of this strategy have a
responsibility to share the costs of fuel and parking. This strategy is the most common mode used
for trips that are not well supported by public transportation. The carpool program is most useful
in small towns and rural areas and when people are commuting from peripheral areas where there
are less public transportation services. This system can also be very useful for university campuses
which are unique and uniform communities [22]. It has many tangible and intangible benefits such as
cost cutting for fuel and parking, time saving, opportunities for more social interactions, reductions in
stress, reduction in congestion and emissions, the conservation of energy, and support of a healthier
future [22,35].

(C) Public Transportation Strategy (U-Pass Program)

Public transportation strategies like the U-Pass Program are one of the most popular of the TDM
strategies for university campuses. The U-Pass Program’s main goal is to encourage all participants
to use public transportation modes (buses, trains, or light rail) and/or active transportation modes
(bicycles, walking, etc.) rather than commuting by private cars [27,37]; it does so by subsidizing
the costs of public transportation and increasing accessibility for more potential users. The U-Pass
strategy has been effective and successful in terms of increasing the number of public transportation
users and decreasing the demand for parking facilities on university campuses [33,38]. According
to American University Officials, the top five reasons to apply the U-Pass Program are: declines in
parking demand and traffic; improved access to housing and the university campus by all members;
decreased costs of travel and student education; increased transportation justice, and enhanced usage
levels of sustainable, active modes of transportation [37,38].

In addition, the U-Pass program has several advantages for universities such as Supports
universities in achieving their environmental responsibilities; Diminishes the demand for parking
areas, hence universities have more land to use for educational goals and Reduces parking spaces and
traffic impact on surrounding areas [22,33,38].

Importantly, for university–community relations, U-Pass programs offer many benefits to the
surrounding community like reducing motorized vehicle trips, enhancing physical activity, reducing
traffic, and minimizing air and noise pollution [22,38]. There are several affective factors in the process
of promoting use of public transportation that they have influence on the quality of services such
as quality of shelters, number and location of shelters, lighting, seating elements, route/schedule
information, signage, and timing [18,20–23].

An example of a U-Pass Program was created by the University of British Columbia (UBC)—the
third largest university in Canada and one of the major traffic generators in the Vancouver region [22].
In September 1997, UBC established, “the Trip Reduction, Research, Education, and Knowledge (TREK)
program center [27].” The main aim of TREK was to identify convenient and cost-effective approaches
for commuting to and from the university campus without the use of private cars. While UBC’s
daytime population increased 51 percent during the 16 years between 1997 till 2013, TREK continued
to follow the guidelines of TDM, focusing on the increase and improvement of effective transit services
and transportation alternatives for university students and staff. The growing numbers of transit riders
to and from the UBC campus was supported by increases in parking costs, a reduction in the supply of
parking spaces, and transit fare discounts leading to further reductions in parking demand and traffic
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congestion [27]. According to a UBC Transportation Status Report from 2013, the U-Pass program was
successful; there had been a significant increase in transit ridership and a decrease in private vehicle
traffic. The main challenge TREK implementation faced was the increased demand for bus services,
which demonstrated that UBC community members were very keen to join the program [22,27].

(D) Promoting Bicycle Use and Creating a Pedestrian Friendly Campus

The best modes of transportation to substitute for private car trips, particularly within university
campuses, are walking and cycling [22,39,40] because these modes preserve independent choice of
route and schedule. Walking is potentially the easiest adaptation because during any other mode of
transit to university campuses, all commuters also become pedestrians to reach their final destination
from parking place for drivers, bike station for cyclists, and bus or train station for users of public
transportation. Already, because walking is an inseparable mode and an intrinsic part of all modes
of transportation with suitable pedestrian accommodations at least partially in place, a university’s
promotion of this mode will be more cost efficient and spatially feasible. For promoting walking
among university’s members, various affective factors must be considered that the main of them
are related to the quality of infrastructures and safety. These main factors include continuity of
pedestrian paths, quality of pavements, safety along sidewalks, lighting, safety at interaction points,
pedestrian signage, width of pedestrian paths, disabled-users’ accessibility, quality of crosswalks,
and shading element [22,34,41,42]. Similarly, the promotion of cycling needs motivator factors such
as safe and separate bike lines, well-defined network among bike lines, appropriate lighting, signage
and shading, safe and well-designed bicycle stations and racks, showering facilities, and repair
and accessory facilities [22,36,42–46]. Bicycle infrastructure can be low-cost and accommodated
spatially on university campuses by initially employing on-street striping and placing simple bike
racks near high-traffic nodes. Still, convincing commuters to walk or cycle over longer distances and
consume more time may require more complex pairings of TDM strategies with pedestrian and bicycle
amenities. Pairing these modes with public transportation by providing well-defined walking and
cycling facilities has been shown to be effective for longer travel; numerous researchers noted that
commuters to university campuses use public transport more when such facilities are conveniently
provided [22,32,40]. Planners’ utilization of TDM guidelines for pedestrian- and bicycle-friendly
campuses is a widely-used means of enhancing usage levels of active modes of transportation at
university campuses [22].

In this respect, this study by focusing on the strategies and their main factors in Table 1 assesses
the quality of service related to existing active modes of transportation in the case study.

Table 1. Transportation Demand Management (TDM) strategies commonly used on university
campuses and effective factors.

Strategies Factors References

Parking Management and Utilization

• Parking supply and restriction
• Pricing of parking spots
• Location of parking areas

- [23,26,30]

Carpooling and Vanpooling - [22,35,36]

Public Transportation

• Quality of shelters
• Number and location of shelters
• Lighting and seating elements
• Route/schedule information
• Signage and timing

[18,20–23]
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Table 1. Cont.

Strategies Factors References

Promoting Bicycle Use

• Safe and separate bike lines
• Well defined network among bike lines
• Appropriate lighting, signage, and shading
• Safe and well-designed bicycle stations and racks
• Showering facilities
• Repair and accessory facilities

[22,36,42–46]

Creating a Pedestrian Friendly Campus

• Continuity of pedestrian paths
• Quality of pavements and safety along sidewalks
• Lighting and pedestrian signage
• Safety at interaction points width of

pedestrian paths
• Disabled-users accessibility
• Quality of crosswalks and shading element

[22,34,41,42]

3. Materials and Methods

The frame of this research is based on the case study method. Material for the case study was
gathered from the study-area profile with a questionnaire survey and interviews reflecting the aim,
objectives, and questions [47,48]. Four techniques made it possible to gather the necessary information:
literature review, semi-structured key informant interviews, photo-elicitation, and questionnaire
survey. After that, “Statistical Package for the Social Sciences (SPSS) Statistics software” was employed
to analyze the collected data. To assure the quality of the research, the triangulation method was
used to collect sufficiently diverse data sets increasing the dependability of the conclusions drawn
from this research. Via these complementary methods, the necessary information for recognizing the
determinative factors was obtained. The determinative factors influence achievement of a sustainable
transportation system based on promoting active modes of transportation within university campuses.

(a) Literature Review

The literature reviewed in this study consists of choosing sources for investigation, and comparing
related works of others to develop answers to the main research questions. The review covered indexed
journal articles (SCI and SSCI), books, published conference papers, and published research works
(theses). The key words and phrases used to search the literature include “sustainable transportation”,
“university campuses”, and “TDM Strategy”. The literature review pursued answers to the research
questions of this study and particularly subjects to incorporate into the semi-structured interviews.

(b) Semi-Structured Interviews

Semi-structured interviews are normally planned around a set of predefined open-ended
questions plus additional questions that may be employed during the dialogue between interviewer
and interviewee(s). Here, five questions were the focus of individual interviews with six Eastern
Mediterranean University (EMU) staff members: an Environmental Affairs Administration staff
member, the Campus Services coordinator, the Rector’s office coordinator, the director of the Security
Unit, the director of the Transportation Services Unit, and the director of the Traffic Education and
Research Center. Group interviews employed the same five questions with ten professors who have
expertise in the fields of urban design, transportation, architecture, and civil engineering. Questions
were geared toward gaining a comprehensive understanding of university strategies and plans as well
as individual perceptions of existing and potential future conditions of active commuting within and
to or from the EMU campus. The five main questions are presented in the following:

- Is there any future plan to decrease commuting to the campus by private car?
- Is there any program to improve the quality of services related to active modes of transportation

inside the campus? How do you see the quality of services?
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- Is there any program to encouraging carpooling and vanpooling among students and staff?
- Is there a Campus Planning Unit in the University?
- How are the decisions about any development in campus being taken?

During each interview, the personal suggestions of the interviewees on related topics based on
their expertise have also been asked. Although the same questions were asked to all groups, during
the interviews with the professors, the discussions have been deeper about the future of planning and
transportation modes within EMU campus.

(c) Photo Elicitation

Photo elicitation is a method that uses photos, videos, and other forms of visual symbols and
provides the opportunity for researchers to elicit comments from participants based on what they
observe in the imagery [49,50]. In the context of this study, photos and maps were shown to participants
to assist them in expressing their awareness of elements of or concerns, issues, and opportunities
for active transport within EMU campus. This method helped respondents to focus on and improve
the communication of important details to the interviewer [49,50]. The presented map of EMU
delineated districts, building distribution, streets within the campus, and boundary lines of the
campus. Photographs, as presented to the participants, displayed features of motor vehicle streets,
pedestrian pathways and sidewalks, junctions, street design features, bicycle lanes, transit facilities,
and parking areas. By using this imagery, richer awareness and clearer interpretation of respondents’
viewpoints about existing conditions were possible. All these photos used in the interview were taken
by the authors.

(d) Questionnaire survey

A questionnaire survey was conducted with the aim of obtaining feedback from EMU students,
faculty and staff regarding their dominant modes of transportation and their feelings about the
current infrastructure and commuting environment of the EMU campus. Feedback from these groups,
the target users, is indispensable in making certain that their needs and concerns are addressed in
the future planning, strategies, and policies. The four-section questionnaire survey focused on active
modes of transportation and their relevant facilities at the EMU campus. Section 1 consisted of eleven
general questions, for instance, gender, age group, level of study, and location of living. Section 2
asked each respondent to select different modes of transportation for commuting within and to or
from the campus. Section 3 focused on the quality of infrastructure and service related to active
modes of transportation with 26 rating scale questions associated with walking, cycling, and public
transport. Finally, at the end of the questionnaire survey, participants were asked to list their personal
expectations and suggestions with four open-ended questions (Appendix A). This questionnaire survey
was completed in the spring academic semester of 2018. Participants were selected to represent all
of the 39 academic departments to adequately represent every part of the campus; 15 students and
five staff members were selected randomly from each department to fill-in the questionnaire survey
resulting in the sample size of 585 students and 195 staff members. Although the questionnaire survey
included, in its first section, general but detailed questions about the users such as their gender, age
groups, and education level, the authors have decided to limit the demographic perspectives of the
users within the scope of this paper, with the belief that, these would not serve directly for the main
purpose of the research presented here. Table 2 shows a summary of the demographic profiles of
the respondents.
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Table 2. The demographic profile of the respondents (Sample size 780). EMU: Eastern Mediterranean
University.

Characteristic
Staff Students

N Sample (%) N Sample (%)

Gender
1 Female 101 51.8 275 47
2 Male 94 48.2 310 53

Age group
1 Under 25 years - - 378 64.6
2 26–35 years 24 12.3 207 35.4
3 36–45 years 65 33.3 - -
4 46–60 years 100 51.3 - -
5 61 and above 6 3.1 - -

Location of living
1 Area 1 (< 1 Km from the EMU campus) 0 0 396 67.7
2 Area 2 (1 < 5 Km from the EMU campus) 92 47.17 167 28.5
3 Area 3 (> 5 Km from the EMU campus) 103 52.83 22 3.8

4. Introducing and Assessing EMU Campus’ Existing Quality of Services and Strategies Related
to Active Modes of Transportation

Eastern Mediterranean University (EMU), established in 1979, is the largest employer in
Famagusta, North Cyprus, with a daily population of approximately 20,000 students and 1100 faculty
and staff members. Famagusta is located on the east coast of the Mediterranean island and has a
population of approximately 55,000. As such, one third of the population of Famagusta is somehow
connected to EMU.

The area of the campus, which is divided into the adjacent though segregated north and south
sections, is around 2200 acres. The northern section is primary in terms of the density of the buildings
and facilities while the southern section houses fewer buildings and facilities but has undeveloped
land for future development and campus expansion. The campus is approximately five kilometers
from the historic city center (the Walled City) but is well-connected by continuous development along
two arterial roads, Salamis Road and Lefkosa Road (Figure 1).

 

Figure 1. The Location of Eastern Mediterranean University Campus in Famagusta (Source: Authors).

EMU’s social, economic, and spatial relationships with Famagusta shape its desire to adopt
sustainability into its transportation sector and facilitate accessibility while helping to cultivate
the interactions and conditions that make its campus a vibrant place of intellectual exchange and
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innovation. Existing transportation system for EMU and Famagusta city is planned more around
automobiles than active modes. Within the scope of this research, an assessment of the existing situation
of the transportation sector and related strategies at EMU campus was conducted. The assessment
sought to identify and understand existing weaknesses, strengths, and opportunities of integration
and implementation of sustainable transportation for the campus. At EMU, existing strategies
and facilities related to active modes of transportation include parking controls, walking, cycling,
and public transportation within the campus while the provision of carpooling and vanpooling
elements are considered.

5. Results

There are four transportation modes that EMU’s students and staff utilize for commuting to,
from, and inside the campus: walking, cycling, public buses, and personal automobiles. The levels of
commuting by each mode among students and staff are based on results of the questionnaire survey
and presented in Table 3.

Table 3. Commuting Patterns of EMU’s Students and Staff.

Modes Commuter Category
Commute between
Campus and City

Commuting inside
Campus

Pedestrian Staff 1% 60%
Students 47% 80%

Bicycle Staff 0% 0%
Students 8% 5%

Public Transport Staff 2% 0%
Students 29% 7%

Private Cars Staff 97% 40%
Students 16% 8%

Percentages show that most EMU students commute to the campus from the city and transit
inside the campus by walking. According to the questionnaire survey, most students live in on-campus
dormitories or in nearby (within five kilometers) residential districts. On the other hand, most staff
commute to campus by private car; they mostly live in suburban areas without sufficient public
transport and travel more than five kilometers to reach the university.

5.1. Quality of Services Related to Existing Sustainable Modes of Transportation

To assess the quality of services of existing active modes of transportation within the EMU campus,
each mode was evaluated. From the questionnaire survey and interviews of EMU’s students and staff,
their perspectives of the physical conditions of infrastructure and facilities related to the active modes
of transportation are compiled and described in the following sections.

5.1.1. Quality of Services Related to Pedestrians

The level of users’ satisfaction related to quality of physical components and the general existing
situation of facilities related to pedestrians inside EMU campus include continuity of pedestrian paths
(PC), quality of pavements (PP), safety along sidewalks (PSS), lighting (PL), safety at interaction points
(PSI), pedestrian signage (PS), width of pedestrian paths (PW), disabled-users accessibility (PD), quality
of crosswalks (PQC), and shading element (PSE) were evaluated and are summarized in Figure 2.
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PC PP PSS PL PSI PSE PS PW PD PQC

Excelent 2% 0% 3% 5% 2% 1% 0% 2% 0% 0%

Good 50% 20% 53% 23% 31% 21% 5% 24% 0% 8%

Fair 35% 33% 32% 28% 28% 38% 18% 26% 0% 16%

Poor 13% 47% 12% 44% 39% 40% 76% 48% 100% 75%
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Figure 2. Quality of facilities and services related to pedestrian inside EMU campus (Source: Authors).
Pedestrian paths (PC), quality of pavements (PP), safety along sidewalks (PSS), lighting (PL), safety
at interaction points (PSI), pedestrian signage (PS), width of pedestrian paths (PW), disabled-users
accessibility (PD), quality of crosswalks (PQC), and shading element (PSE).

According to the results, continuity and safety along pedestrian paths are mentioned by
respondents as the only motivating factors that encourage commuting by walking. Meanwhile
the quality of the pavement, lighting, shading elements, pedestrian signage, width of pedestrian
paths, accessibility by disable users, and crosswalk quality along the pedestrian paths are declared by
responders to be barriers that directly affect efficiency of walking on the campus. Figure 3 includes
four pictures is showing the quality of payments, shading elements and width of pedestrian paths
inside the EMU campus. These pictures are taken from different places inside the campus.

 

Figure 3. Quality of payments, shading elements and width of pedestrian paths: P1 Quality of
payments along pedestrian paths within EMU Campus; P2–P3 Trees being the only elements providing
shade for pedestrians along the sidewalks; P4—Insufficient width of pedestrian paths along the main
axis (Source: Authors).

5.1.2. Quality of Services Related to Cycling

The level of users’ satisfaction related to the quality of existing facilities for cycling include
bike lane efficiency (CE), safety along bike-share lanes (CS), bicycle parking and racks (CP), shading
elements (CSE), showering facilities (CSF), repair and accessory facilities (CR), safety of bike stations
(CSS), and signage for cyclists (CSC). These were observed and are summarized in Figure 4.

Based on findings of the questionnaire survey and visual analysis carried out on the site, there
are no appropriate motivating factors to encourage cycling among EMU commuters. Besides the fact
that bike lanes are considered to be inappropriately-shared space on vehicular roads, bicycle parking
and racks is efficiently located around campus and their conditions are not always suitable for use.
There is also a lack of security for bike stations, shading elements, signage for cyclists, showering
facilities, and ancillary services. Figure 5 includes 6 pictures in which quality of bike lanes and stations
are represented.
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Figure 4. Quality of facilities and services related to cycling (Source: Authors). Bike lane efficiency
(CE), safety along bike-share lanes (CS), bicycle parking and racks (CP), shading elements (CSE),
showering facilities (CSF), repair and accessory facilities (CR), safety of bike stations (CSS), and signage
for cyclists (CSC).

 
Figure 5. Quality of bike lanes and stations: P1–P2–P3 Insufficient and unsafe bike lanes only partially
painted with no appropriate separation from motorized vehicles; P4–P5–P6 Bike stations and racks
lacking of quality and safety within EMU Campus (Source: Authors).

5.1.3. Quality of Services Related to Public Transportation

The quality of the public transportation system on the EMU campus was evaluated for only the
bus services provided by the university. EMU bus service is free of charge to students and staff and
is the only heavy public transportation service in Famagusta. Assessment depended on efficiency
of bus services (BE), quality of bus shelters by focusing on number of shelters on the campus (BSN)
and location of shelters (BSL), quality of lighting (BL), quality of seating elements (BE), existence of
route/schedule information (BI), bus signage (BS), and bus timing (BT) (Figure 6).

Results revealed that there is an overall lack of quality related to the bus service provided by EMU.
Figure 7 includes 5 pictures illustrating the quality of buses and bus shelters inside EMU campus.
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Figure 6. Quality of facilities and services related to public transportation (Source: Authors). Bus
services (BE), quality of bus shelters by focusing on number of shelters on the campus (BSN) and
location of shelters (BSL), quality of lighting (BL), quality of seating elements (BE), existence of
route/schedule information (BI), bus signage (BS), and bus timing (BT).

 

Figure 7. Quality of facilities related to bus service: P1–P2 Low quality bus stop shelters lacking of
aesthetics within EMU Campus; P3–P4 Bus-stops with no shelters, no route/schedule information
and seating discouraging users to use public transportation; P5 Quality of buses within EMU Campus
(Source: Authors).

Many respondents indicated that the bus service covers all destinations inside Famagusta, but
that there is a lack of service for commuters who live in the suburbs. Mainly, most of the staff members
living in the suburban areas do not have the opportunity to use or evaluate the services of this public
transportation system.

5.2. Management Strategies Related to Transportation Context of EMU

According to the interviews conducted to understand the university’s strategies and future
plans in respect to the transportation sector, generally, and specifically in relation to active modes
of transportation, there are no efficient and clear strategies or plans for the campus’ transportation
system. As explained by interviewees, decisions regarding campus transportation were made on an
as-needed basis; there is no designated committee or administrative unit to investigate and make final
decisions concerning campus transportation, nor to define transportation strategies.

However, there is one authority, the Security Department, responsible for decisions or
proposals related to vehicular traffic and car parking areas on the campus, and another authority,
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the Transportation Services Unit, manages bus transportation. The Security Department is also
responsible for the maintenance and security of the car parking areas and general commuting to and
from university. Besides, there are no efficient and clear strategies regards parking management and
utilization. Whereas the Transportation Services Unit controls all dimensions of the bus transportation
services provided to students and staff by the university.

Without decision-making authority or administrative control over campus transportation, there is
also the Traffic Education and Research Center within the academic body of the university. This center
was established in 1998 by the University Board of Executives with the following mission components:

- Assist the foreign EMU students and academic and administrative staff in adapting to the
traffic rules and regulations of the Turkish Republic of Northern Cyprus (TRNC) by offering
educational seminars.

- Conduct research and organize symposiums, congress, and conferences on traffic problems.
- Increase the awareness of people living in North Cyprus about the importance of traffic.
- Establish links with organizations working on traffic safety both in North Cyprus and abroad.

Related to the strategies for carpooling and vanpooling, the results show EMU does not have
any control over or supportive strategies related to encouraging carpooling among students or staff.
However, several professors are privately arranging and using carpooling for commuting to and
from the campus without interference of the university management system. As for vanpooling,
the Transportation Services Unit mentioned that the university does organize vanpooling for lecturers
who come from other cities such as Lefkosa and Kyrenia. Despite this, there are no strong supportive
strategies for this service and this service is not always provided by EMU.

During the process of this research, Urban Research and Development Center (URDC) of EMU,
which was assigned by the Rectorate in November 2015 to prepare the Campus Master Plan of
EMU has also conducted a broader questionnaire survey for the overall campus. The research and
analysis conducted by the Campus Master Plan team, coordinated by one of the authors of this
paper, also corresponds with the findings of this research which indicate that, EMU does not have
an adequate transportation management body nor a sustainable traffic and transportation plan; the
future of the physical development of the campus, including its traffic and transportation development
strategies is still unknown. Lack of planning, until recently, can be regarded as the basic problem of
the transportation system for the EMU campus. Although there is an attempt to plan the future of
the Campus, the unplanned development attempts seem to continue, until the Master Plan gains a
legal status.

6. Discussion and Recommendations

Based on results of the questionnaire survey, behavior observations, site surveys, and interviews,
the existing motivators and barriers related to use of the active modes of transportation at EMU
campus have been clarified and summarized in Table 4.

The table shows that there are many more barriers to use of active modes of transportation within
the EMU campus than there are motivators. Therefore, this study, based on existing conditions and the
opinions of students, faculty, and staff, provides a set of recommendations by also examining some
good university practices of sustainable transportation policy, strategy, and plan establishments mainly
included in the European Platform on Sustainable Urban Mobility Plans (SUMPs) under the Urban
Mobility Observatory. The authors believe that, this set of recommendations may also be generalized
or adopted for other cases based on their specific characteristics, which should be identified through a
thorough analysis.

These recommendations are divided into two groups: those focusing on the quality of physical
infrastructure and those suggesting changes in the management structure to create an overarching
authority and to provide direction for implementation and use of current and future active modes of
transportation inside the university campus.
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Table 4. Existing motivators and barriers factors of using active modes of transportation at EMU
campus based on opinions of students and staff.

Motivators Barriers

Pedestrian

� Safety along
pedestrian paths

� Continuity along pedestrian
paths and sidewalks

� Suitable pavements
� Appropriate width for pedestrian paths
� Main/legible pedestrian path
� Suitable shading elements
� Safety in interaction points
� Appropriate crosswalks
� Appropriate lighting at night
� Signs along pedestrian routes
� Appropriate accessibility and facilities for disable users
� Pedestrian zone to provide a safer area for pedestrians

Cycling No Motivators

� Appropriate and safe bike lanes and bike stations
� Safety in interaction points
� Appropriate lighting at night
� Ancillary services

Public
Transportation

� Existence of free bus services

� Appropriate bus stations
� Appropriate timing
� Number of bus stations along the campus
� Facilities related to bus shelters include lighting, seating

elements, route/schedule information

Management
strategies

No Motivators

� Lack of plan for future development
� Control and maintenance on existing facilities
� Strategies to encourage the use of sustainable modes

of transportation
� Lack of expert committee to get appropriate decisions

Creating a successful sustainable transportation network for university campuses is achievable
through the formation of a comprehensive and efficient university management structure. University
transportation management has direct influence over and the ability to provide a successful and
comprehensive sustainable transportation network with appropriate strategies for the university
campus. Utilizing the following indispensable phases, this process will enhance the level of
sustainability in the transportation sector of university campuses.

� Provide a sustainable master plan (SMP) for the university campus., since having a master plan
by considering all aspects of sustainability is main way, which a university expresses its vision
for future development and utilization of campus environment.

� Create a stable, sustainable transportation committee (STC) that has control and will make
decisions about all aspects of transportation on the university campus, as well as undertake
consistent efforts to promote sustainable transportation strategies by focusing on shifting to
sustainable modes of transportation.

� Design a University Sustainable Transportation Master Plan (U-STMP) and University Sustainable
Urban Mobility Plan (U-SUMP) corresponding with a general sustainable master plan along with
strategies and policies confirmed by the STC.

� Increase the level of collaboration between the STC and local organizations, especially the
municipality, to make decisions promoting successful sustainable transportation strategies
between the university campus and the city to encouragement of active transportation.
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� Increase the level of collaboration between the university administration, STC, and governmental
agencies in order to establish a price-control mechanism for public transportation modes and
connect the university’s efforts to city’s projects in order to increase the efficiency of both.

� Develop representation of students and staff within the STC to make better decisions and provide
efficient strategies that meet their needs.

� Provide a series of educational programs focusing on enhancing knowledge of students and staff
about environmental, social, cultural and economic benefits of commuting by sustainable modes
of transportation.

To enhance the quality of services related to active modes of transportation, the most recent
version of existing standards must be considered and applied. Accordingly, development of a
Sustainable Urban Mobility Plan (SUMP) which is a strategic plan aimed to provide high-quality
and sustainable mobility and transport to, through and within an area, as a recent guideline in
European Union is considered within recommendations. Thus, the actions listed in Table 5 are
recommended for university campuses, both for EMU campus and other university campuses with
no transportation policy and plans, to improve the quality of services related to active modes of
transportation. The study of sustainable mobility and transportation in some European examples
of university campuses indicates that, although a number of actions have been taken on the issue,
which have resulted in positive improvements with in the concerned campuses (such as, a bike sharing
scheme at the Aristotle University in Thessaloniki, Greece; public bicycles in the university campus of
Poznan in Poland; promotion of public transport by providing information and a tax-saver commuter
ticket in Cork, Ireland, etc.); none of these actions covers a comprehensive approach for improving
the quality of services related to active modes of transportation. Therefore, the authors suggest that
the recommendations presented above and in Table 5 should be organized within the framework of
a University Sustainable Transportation Master Plan (U-STMP) and University Sustainable Urban
Mobility Plan (U-SUMP) specifically prepared for the concerned university.

Active modes of transportation work most efficiently when there is strong collaboration between
all modes. Convenient connections and legible access in the physical infrastructure of active modes
play a crucial role in providing and encouraging use of an effectual sustainable transportation system.
The following framework clarifies the general process that a university can consider when developing
an efficient and sustainable transportation sector (Figure 8).

Define Sustainable 

Transportation Committee 

(STC) 

Partnership of Students 

and staff in STC 

Define University Sustainable 

Transportation Master Plan (U-

STMP) and University 

Sustainable Urban Mobility Plan 

Define strategies and design 

treatments for promoting use of 

active modes of transportation 

Define Sustainable Master Plan 

(SMP) for University Campus 

Collaboration among 

STC and city 

organizations 

General framework 

Figure 8. A general framework towards achieving an efficient, sustainable transportation sector in
university campuses (Source: Authors).
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Table 5. Recommendations for university campuses to improve the quality of services related to active
modes of transportation under University Sustainable Transportation Master Plan (U-STMP) and
University Sustainable Urban Mobility Plan (U-SUMP).

Measures

Pedestrian
Enhancements

� Pedestrian areas & paths

� Provide pedestrian paths of appropriate width for pedestrian
volumes throughout the campus;

� Provide appropriate pedestrian-scale lighting along pedestrian
paths and at intersections to increase visibility and safety;

� Make available suitable signals and signage to help pedestrians
find their way easily and safely between origins and destinations.

� Enhance pedestrian
crossings

� Design appropriate crosswalks and techniques to alert other users
where pedestrians are crossing;

� Design appropriate corner radii at intersections to balance the
needs of all users and maximize the safety of pedestrians.
Small-radii curbs benefit pedestrians by slowing down speeds of
turning vehicle, decreasing the crossing distance, and increasing
the size of waiting areas.

� Design suitable curb
extensions

� Extending the sidewalks into the street space at intersections or
mid-street crossings. Curb extensions benefit pedestrians by
reducing distance of pedestrian crossing, providing space for
pedestrian to queue before crossing the streets, increasing
visibility of pedestrians; and reducing speed and calming traffic
of vehicles.

� Enhance safety

� Design treatments such as widen sidewalks for pedestrians and
provide enough space that is capable of supplying utilities and
amenities for example benches, trash cans, and signs;

� Use flashing yellow lights and different pavement textures in
intersections to alert motorists to the presence of pedestrians;

� Increase shading elements as well as archways and canopies
along pedestrian ways to protect pedestrians from extreme sun
exposure and precipitation;

� Define a main pedestrian path through the campus that does not
have any conflicts with motorized traffic; and

� Define a major pedestrian-only zone in the central part of campus
to provide a safe area for pedestrians.

� Increase accessibility for
disabled people

� Consider disabled users by creating appropriate pavements,
signage, and curb ramps.

Cycling
Enhancements

� Cycling lanes

� Design appropriate separated bike lanes or provide marked
shared lanes by using clear signage to alert drivers to the presence
of bicyclists;

� Include attractive scenery around bike lanes and distance them
from vehicular traffic and noise and air pollution
wherever possible.

� Cycling amenities

� Design appropriate bike stations and placing them in accessible
and suitable locations;

� Provide suitable signage and maps to show direct routes for
bicyclists; install suitable lighting and shading along bike lanes;

� Provide ancillary bike services such as shower facilities, repair
and accessory shops, and storage for student and staff bicycles
during the summers.

� Cycling strategies

� Develop strategies for bike sharing among students and staff to
encourage them to commute by bicycle or at least move around
campus by bicycle;

� Develop strategies to increase integration of cycling with
public transport.
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Table 5. Cont.

Measures

Public
Transportation
Enhancements

� Public transport amenities

� Design public transportation shelters/stops to have harmony
with the campus environment and be more comfortable and safe
for users by providing suitable lighting, seating elements,
and clear schedule information;

� Increase the number of public transportation stations throughout
the campus and select locations for shelters offering a good access
to pedestrians and bicyclists infrastructure.

� Public transport timing

� Public transportation
strategies

� Pay special attention to the timing of public transportation to
comfort and encourage users.

� Providing mobility packs, including information about public
transport services to inform students and staff that it has a strong
influence on university users’ transport behavior.

7. Conclusions

Encouraging sustainable commuting in university has become an important movement around
the world. There have been several studies focused on transportation modes used by commuters to,
from, and within universities in addition to studies on the affective factors on commuters’ propensity
to use active modes of transportation. This research reviewed existing literature and studied data
collected through a real case study to set out a process of encouraging university commuters to
use active modes of transportation. Encouragement is possible through the supply of convenient,
comfortable, and well-designed physical infrastructure and facilities. Considering the transportation
context of the infrastructure and facilities is a first step toward success but it is not sufficient.

An authoritative transportation management structure to define appropriate strategies based
on existing conditions and user demands is necessary to plan and provide higher quality, more
coordinated, more sustainable, and better utilized campus transportation services. Moreover,
implementing strategies to limit use of private automobiles and to support existing users of active
modes of transportation will encourage more commuters to shift to active modes of transportation.
Furthermore, employing transportation-education strategies through workshops and seminars
expands awareness and knowledge of the advantages of commuting by active modes of transportation.

Finally, this paper is a useful reference for future researchers who are interested in undertaking
new case studies for enhancing the level of sustainability in transportation sector on other university
campuses. The results are provided in a framework that can guide researchers as well as the leadership
and decision-makers of universities towards developing plans and strategies that encourage university
populations to use active modes of transportation. Besides, for future studies, through the other
findings of this research, the influences of demographic factors (e.g., gender, age, location of living,
and education level) on improving level of sustainability in transportation sector through encouraging
use of active modes of transportation must be thoroughly investigated and considered.
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Appendix A. Sample of Questionnaire

Appendix A.1. Personal Information

1- Gender: � Male � Female
2- What is your age group? � Under 25 years � 26 to 35 � 36 to 45 � 46 to 60 � 61 and above
3- Country:
4- Nationality:
5- Are you a � Student � Staff
6- Which faculty/department are you studying at or a member of?
7- What is your field of study? (If you are a student)
8- What is your highest degree or level of study? (If you are a student) � Undergraduate student

� Graduate student
9- How long have you been studying or working at the EMU? � Less than 1 year � 1 to 2 year

� 3 to 4 year � More than 4 years
10- Where do you live? � Area 1 (<1 Km from the EMU campus) � Area 2 (1 < 5 Km from the EMU

campus) � Area 3 (>5 Km from the EMU campus)
11- What kinds of accommodation are you living in? � Dormitory � Shared flat � Apartment � Villa

� Other . . . .. . . . . . . . . . .. (Please specify)

Appendix A.2. Modes of Transportation for Commuting within and from/to the Campus

1- What kind of transportation modes do you usually use for commuting to or from the campus?
� Private car � Public transportation � Bicycle � Walking

2- What kind of transportation modes do you usually use to move from one place to another within
the campus? � Private car � Public transportation � Bicycle � Walking

Appendix A.3. The Quality of Infrastructure and Service Related to Active Modes of Transportation inside
EMU Campus

Appendix A.3.1. Quality of Services Related to Pedestrians

1- How do you see the continuity among pedestrian paths inside the campus? � Poor � Fair
� Good � Excellent

2- What do you think about the condition and quality of pedestrian paths’ pavements? � Poor
� Fair � Good � Excellent

3- What do you think about safety along the pedestrian paths? � Poor � Fair � Good � Excellent
4- What do you think about quality of lighting along pedestrian paths at nights? � Poor � Fair

� Good � Excellent
5- How do you see the safety in interaction points between pedestrians and vehicles inside

the campus? � Poor � Fair � Good � Excellent
6- How do you see the quality of pedestrian signage? � Poor � Fair � Good � Excellent
7- What do you think about the width of pedestrian paths? � Poor � Fair � Good � Excellent
8- What do you think about the quality of services for accessibility of disabled users? � Poor � Fair

� Good � Excellent
9- How do you see the quality of crosswalks along the campus? � Poor � Fair � Good � Excellent
10- How do you see the quality of shadings elements along the pedestrian paths? � Poor � Fair

� Good � Excellent
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Appendix A.3.2. Quality of Services Related to Cycling

1. How do you see the bike lane efficiency inside the EMU campus? � Poor � Fair � Good
� Excellent

2. What do you think about safety along bike-share lanes? � Poor � Fair � Good � Excellent
3. What do you think about quality of bicycle parking and racks? � Poor � Fair � Good � Excellent
4. What do you think about the quality of shading elements along the bike lanes? � Poor � Fair

� Good � Excellent
5. What do you think about the quality of showering facilities? � Poor � Fair � Good � Excellent
6. What do you think about quality of repair and accessory facilities? � Poor � Fair � Good

� Excellent
7. What do you think about safety of bike parking and racks? � Poor � Fair � Good � Excellent
8. How do you see the quality of signage for cyclists? � Poor � Fair � Good � Excellent

Appendix A.3.3. Quality of Services Related to Public Transportation

1. What do you think about efficiency of bus services? � Poor � Fair � Good � Excellent
2. What do you think about quality of bus shelters by focusing on number of shelters on the campus?

� Poor � Fair � Good � Excellent
3. What do you think about quality of bus shelters by focusing on location of shelters? � Poor

� Fair � Good � Excellent
4. What do you think about quality of lighting inside bus shelters? � Poor � Fair � Good

� Excellent
5. What do you think about quality of seating elements inside bus shelters? � Poor � Fair � Good

� Excellent
6. How do you see the existence of route/schedule information? � Poor � Fair � Good � Excellent
7. What do you think about quality of bus signage? � Poor � Fair � Good � Excellent
8. What do you think about the bus timing? � Poor � Fair � Good � Excellent

Appendix A.4. Personal Expectations and Suggestions

1- What is your expectation and suggestion for improving the service quality of pedestrian facilities?
2- What is your expectation and suggestion for improving the service quality of cycling facilities?
3- What is your expectation and suggestion for improving the quality of bus service?
4- Which type of active modes of transportation do you prefer to use if all facilities about it be in a

good condition?
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Abstract: Relatively low travel costs and abundant opportunities for research funding in Switzerland
and other developed countries allow researchers large amounts of international travel and
collaborations, leading to a substantial carbon footprint. Increasing willingness to tackle this issue,
in combination with the desire of many academic institutions to become carbon-neutral, calls for an
in-depth understanding of academic air travel. In this study, we quantified and analyzed the carbon
footprint of air travel by researchers from the École Polytechnique Fédérale de Lausanne (EPFL)
from 2014 to 2016, which is responsible for about one third of EPFL’s total CO2 emissions. We find
that the air travel impact of individual researchers is highly unequally distributed, with 10% of the
EPFL researchers causing almost 60% of the total emissions from EPFL air travel. The travel footprint
increases drastically with researcher seniority, increasing 10-fold from PhD students to professors.
We found that simple measures such as restricting to economy class, replacing short trips by train
and avoiding layovers already have the potential to reduce emissions by 36%. These findings can
help academic institutions to implement travel policies which can mitigate the climate impact of their
air travel.

Keywords: carbon footprint; CO2 emissions; air travel; environmental footprint mitigation

1. Introduction

Aviation is one of the fastest growing sources of greenhouse gas (GHG) emissions. Over the
last four decades, the number of passenger-kilometers in worldwide civil aviation increased at an
average rate of 5% per year, while the corresponding carbon dioxide (CO2) emissions have increased
by 2% per year on average [1]. The emissions are increasing at a slower rate than the number of
passenger-kilometers due to improvements in fuel efficiency. This continuous increase has brought
global annual civil aviation CO2 emissions up to 900 Mt in 2016, which is 2.8% of the world’s total
CO2 emissions [2]. Besides the global warming effect through the emission of greenhouse gasses
such as CO2 and NOx, airplanes cause additional radiative forcing (RF) through the generation of
condensation trails (contrails), which eventually form cirrus or altocumulus clouds, and the formation
of tropospheric ozone by NOx. At the same time, NOx facilitates the destruction of methane, lowering
the RF. The total RF from aviation is therefore estimated to be two to four times higher than that
induced by GHG emission alone [3]. In 2005, aviation was responsible for 4.9% of anthropogenic
global warming [4]. A three- to four-fold increase in aviation RF is expected by 2050, compared to the
year 2000 [4]. Despite the ever-increasing environmental impact of air travel, these emissions, together
with international shipping, are not regulated under the 2015 Paris climate agreement.
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Globally, only a small fraction of people participate in air travel. It was estimated that only
about 2% to 3% of the world population take an international flight over the course of a year [5].
This illustrates that air travel is very unequally distributed with a small number of high-footprint
hypermobile travelers. One group of people with a particularly high air travel footprint are academics.
Indeed, many researchers are frequent travelers due to the importance of conferences, workshops,
international collaborations, visiting positions, etc., for their career advancement. At the École
Polytechnique Fédérale de Lausanne (EPFL) in Switzerland, air travel accounts for one third of
the institute’s total CO2 emissions (corresponding to at least half of the total RF), similar to the CO2

emissions of electricity and heating, and daily commuting.
In many academic institutions worldwide, awareness of these issues has increased, but a detailed

quantitative analysis of academic air travel behavior is challenging due to the lack of comprehensive
datasets. Therefore, in this study we retrospectively quantify the air travel habits of EPFL researchers
and we identify carbon footprint reduction opportunities. This work is limited to air travel performed
by EPFL academic staff in the period of 2014 to 2016.

2. Materials and Methods

In order to describe the professional travel habits of EPFL’s academic staff, flight data from
2014 to 2016 was retrospectively collected from Carlson Wagonlit Travel (CWT), the official EPFL
travel agency [6]. This dataset comprises approximately 80% of all travel made by EPFL researchers
during the specified time period. The remaining 20% of air travel was booked directly by the
researchers. For the latter category, only ticket price and airline company are known, and these
air travels are therefore excluded from the present analysis. A coverage of 80% is sufficiently large to
draw representative quantitative conclusions from this data. The dataset was anonymized and includes
GHG emissions, distance, price, exact flight route, and service class for every trip. GHG emissions
were calculated using the yearly DEFRA metrics [7] and include CO2 and NOx. These annual metrics
provide average emissions of the aviation industry. This allows us to make a good estimate of a flight’s
GHG emissions, without knowing the technical details of the airplane, which are not provided upon
booking. Here, we only consider the direct GHG emissions from the airplane, which are well-known.
The additional RF related to the formation of contrails, which eventually form cirrus or altocumulus
clouds, the generation of ozone by NOx, and the negative RF from the destruction of methane by NOx

are not included since the exact magnitudes of these impacts are still under debate. The overall RF
generated by the air travel discussed here will therefore be two to four times larger than the GHG
emissions quoted in this work [3]. The GHG emissions are expressed in kg of CO2 with an equivalent
global warming power, which is noted CO2e. The CO2e emission of a flight is calculated as

Emission (CO2e) = distance × uplift × CO2e intensity, (1)

where the distance is determined as the great circle distance between the airport locations, i.e.,
the shortest path between two points on the surface of a sphere. The distance flown is multiplied with
the uplift parameter, to account for takeoff, circling and non-direct routes and it represents 1.09. The
year and service class of the flight determines the CO2e intensity. Note that business and first class
flights cause two to four times more emissions per person, compared to economy class due to the
increased floorspace requirements, as can be seen in Supplementary Table S1. Note also that the CO2e
intensity of a flight in a given year is determined by flights from the previous year. The quantitative
analysis was performed using the Python language and the NumPy package. The data was loaded
from a .csv file.
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3. Results

3.1. General Aspects of the Data

During the examined time period, 3334 members of academic staff (of which 46% PhD
students, 29% postdocs, 1.7% senior scientists and 8.3% professors) took 14,949 flights over a total of
100 million km. This led to 14.6 kt CO2e emitted, which represents 27% of EPFL’s total GHG emissions.
More detailed statistics can be found in Table 1. Supplementary Figure S1 shows the distribution of
trips as a function of distance. We see that most trips are continental, with a second intercontinental
peak. Continental travel is mostly direct, whereas intercontinental travel is mostly indirect.

Table 1. Overview of the travel impact for intra- and inter-continental travel in economy, business and
first class.

Travel Type
Number

of Flights

CO2e
Emitted

(t)

Distance
Travelled

(Mm)
CHF/km

Avg.
CO2e

kg/CHF

Avg.
CO2e
kg/km

Total
Cost

(kCHF)

Total 14,949 14,603 98,975 0.120 1.235 0.148 11,809

Intra-
continental

Economy 9030 2300 14,004 0.184 0.893 0.164 2577
Business
and First 324 100 600 0.296 0.562 0.167 178

Inter-
continental

Economy 4690 7958 69,356 0.075 1.524 0.115 5220
Business
and First 905 4245 15,015 0.255 1.107 0.287 3834

Figure 1 shows the relationship between CO2e emission and distance travelled. We can clearly
see the increased emission from higher service classes. In Figure 2, we observe a higher correlation
between the amount of money spent and CO2e emitted (correlation coefficient of 0.89) than between
distance travelled and CO2e emitted (correlation coefficient of 0.64).

Figure 1. CO2 emission as a function of the distance travelled for all trips in the dataset. Economy
class trips are marked in green, while business and first class flights are marked in purple. This figure
visually illustrates the increased greenhouse gas (GHG) emissions of higher service class.
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Figure 2. (a) Ticket price as a function of distance travelled for the entire dataset; (b) ticket price as a
function of CO2 emission, again for the entire dataset. We observe a much stronger correlation in (b);
compared to (a). The correlation coefficients are 0.89 and 0.64, respectively.

3.2. Travel Behavior of EPFL Researchers

Upon investigation of the travel habits of the different groups of researchers, which are shown in
Figure 3, we observe that carbon footprint increases dramatically with seniority (Figure 3a). Professors
emit on average 10 and 5 times more GHGs compared to PhD students and postdocs, respectively.
Moreover, professors—and to a smaller extent senior scientists—are the main users of business and
first class travel, which is negligible for PhD students and postdocs. A similar increase with seniority
can be observed for the distance travelled and money spent, as is shown in Supplementary Figure S2.

 

Figure 3. (a) Average annual air travel carbon footprint of a PhD student, Postdoc, senior scientist and
professor at École Polytechnique Fédérale de Lausanne (EPFL); (b) annual number of trips in economy
and business class for the same categories. We clearly see the increase of travel footprint with seniority.

Figure 4 shows the inequality in footprint between individual travelers and research units or
labs. We observe very high levels of inequality in terms of GHG emissions, money spent, and
distance travelled, with a small number of individuals traveling over an order of magnitude more
than the median, and a small number of labs traveling almost an order of magnitude more than
the median. Table 2 shows two quantities that represent inequality for the three types of footprints
discussed here, namely the share of the top 10% biggest travelers, and the Gini coefficient, both for
individual researchers and for laboratories. We observe that the 10% of most traveling individuals are
responsible for 58.3% of EPFL’s GHG emissions from air travel, while the 10% of most traveling labs
emit 40.2% of EPFL’s air travel GHGs. Looking at the Gini coefficient, a measure of statistical dispersion
most commonly used measurement of inequality, we observe a larger inequality in individual
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carbon footprint (0.722) than for worldwide income (0.65, World bank [8,9]). The Gini coefficient
for CO2e emission per lab (0.607) is slightly lower than that of the worldwide income. We observe a
systematically lower inequality for the distance travelled, compared to CO2e emissions and money
spent. This observation is due to increased business and first class travel among the largest consumers.

 

Figure 4. Total travel footprint from 2014 to 2016 of individual researchers (solid line, corresponding
to the left-hand vertical axis) and laboratories (dashed line, corresponding to the right-hand vertical
axis). Individuals and laboratories are ranked from low to high on a scale from 0 to 100. The footprint
is expressed in money spent (green), distance travelled (orange), and CO2 emitted (red) and the data
are ranked in increasing order. All quantities show a large inequality with a spread over more than
two orders of magnitude.

Table 2. Inequality quantifiers for GHG emissions, distance traveled and money spent, both per person
and per lab.

Share of the Top 10% Biggest Travelers Gini Coefficient

Per Person Per Lab Per Person Per Lab

CO2e emission 58.3% 40.2% 0.722 0.607
Distance travelled 49.8% 39.0% 0.678 0.588

Money spent 64.0% 42.3% 0.749 0.622

3.3. Reduction Opportunities

Based on the relationships that emerged from the data analyses, we were able to identify and
quantify three pathways to reduce GHG emissions without compromising travel.

First, due to the difference in CO2 intensity between service classes, a reduction of 17% in EPFL’s
air travel GHG emissions, amounting to 840 t CO2e per year could be obtained by replacing all business
and first class trips by economy class.

A second pathway would consist of replacing short flights by rail travel. In order to quantify this
reduction, one should observe the cumulative CO2e emissions as a function of distance travelled in
Figure 5a. We see that approximately 15% of EPFL’s air travel GHG emissions are coming from
continental travel. Zooming in on the short trips below 1000 km, as well as short connection
flights during indirect trips, allows us to determine the reduction potential of this replacement.
The cumulative impacts of short direct trips and short flights during indirect trips are shown in
Figure 5b. Replacing both of them over distances below 800 km could reduce EPFL’s air travel GHG
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emissions by up to 15% or 730 t CO2e per year. We assumed that the replacing train trip would emit
0.02 kg of CO2e per km.

 

Figure 5. (a) Cumulative CO2 emission as a function of distance between departure and arrival airports
for the entire dataset; (b) zoom of the data shown in (a) for short distances (grey), together with the
cumulative CO2 emission of short-distance flights in indirect trips (coral). The vertical grey bands
show the distance that can be covered by train in the indicated amount of time.

Third, we considered replacing all indirect trips by direct ones. Two effects are influencing the
GHG impact of this substitution. On one hand, indirect trips always cover more distance than a direct
equivalent, causing increased emissions. On the other hand, typical flights are most efficient (in terms
of fuel consumption per unit of distance) over distances of around 5000 km [10]. For shorter distances,
taxiing and takeoff is proportionally more important, while for longer distances, the increased weight
of the fuel leads to increased energy expenditure. This implies that, e.g., the emissions of a single
10,000 km flight could be reduced by splitting it up in two 5000 km flights, but only if the extra distance
which is covered as a result of the intermediate touch-down is negligible. If we look at the flights in
our database, we see that only 1.7% of the indirect trips have lower emissions than an equivalent direct
trip would have. In these cases, the difference is in the order of a few percent. The vast majority of
indirect trips in our database (98.3%) has much higher emissions than an equivalent direct trip, as can
be seen in Supplementary Figure S3. Here, we supposed that all flights were flown in economy class to
avoid the influence of service class, which we already discussed above. We can therefore conclude
that the extra distance covered by indirect trips is much more important than the potential small gains
in fuel efficiency in almost all cases. In total, we found a potential 9% reduction in EPFL’s air travel
GHG emissions, corresponding to 440 t CO2e per year by replacing all indirect travels with direct
flights. Note that it is likely not all of the direct flights required for this replacement are available on
the commercial market.

4. Discussion

The observation that GHG emissions are more closely correlated to ticket price than to distance
travelled, leads to the interesting phenomenon that a reduction in carbon footprint could lead to a
cost reduction and vice versa. This means that a travel budget restriction could be used as a simple
but effective measure to reduce carbon footprint of an institution. Additionally, reducing the carbon
footprint of air travel could be a net negative cost measure, contrary to other sustainability measures.

The large inequality in travel footprint between individuals and laboratories raises the question
whether all travel by the researchers with the largest footprint is useful and contributing positively to
the institution and to their career. The time and energy spent traveling, in addition to fatigue from
jetlags, could jeopardize the overall professional performance and quality of life. Future work should
aim to answer the question whether increased traveling leads to improved academic performance.
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Adding up the potential reductions in GHG emissions that could be achieved by replacing
business and first class trips by economy class, short flights by train trips, and indirect journeys
with direct flights, we find that the carbon footprint could be reduced by up to 36%. This significant
amount shows that substantial reductions are possible by making the appropriate choices. This figure
represents a theoretical upper boundary for the reduction in emissions that could be achieved for the
present dataset without any reduction in travel. It does not take the reductions in GHG emissions into
account that could result from avoided travel, e.g., by replacing it with videoconferencing. This is
outside the scope of this work. In practice, there are several challenges in achieving the reduction
figures presented here. Economy class travel can be less comfortable for long journeys, and train
connections or direct flights are not always available and are in some cases more expensive. However,
additional measures, such as the promotion of videoconferencing to replace physical travel, could
lead to reductions not taken into account in this study. These results show which choices should be
preferentially made when choosing a travel itinerary, and can be the basis for travel guidelines or
policies within institutions, academic or otherwise.

Even though the present work focuses exclusively on researchers from EPFL, the results
and conclusions are likely relevant for other academic institutions as well. Given the relatively
large amounts of funds available for research and development in Switzerland (3.374% of GDP
in 2015) [11], researchers might have less restrictions to travel compared to other countries.
Nevertheless, qualitatively similar trends to the ones reported here could be expected elsewhere
in academia. Moreover, most of the points raised in this work are also relevant for other communities.
The high correlation between a flight’s GHG emissions and its ticket price can be used by anyone as a
tool to limit air travel GHG emissions. The highly unequal distribution of air travel is a general trend
throughout the human population [5]. Any individual or organization wishing to reduce their air
travel GHG emission should, in cases where physical travel is absolutely required, favor economy
class, train travel, and direct flights where comfort and/or availability allow to do so.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/11/1/80/s1.
Supplementary Figure S1: Number of direct (brown) and indirect trips (coral) as a function of distance between the
departure and destination airport. Supplementary Figure S2: (a) Average per capita annual distance travelled by a
PhD student, Postdoc, senior scientist and professor at EPFL. (b) Annual amount of money spent per capita on air
travel for the same categories. Supplementary Figure S3: Carbon footprint of direct (brown) and indirect (coral)
trips. Supplementary Table S1: Used DEFRA metrics to calculate CO2e emission over the studied time period.
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Abstract: To what extent can transformation and development processes on a university or other
campus fit in with the principles of circularity? This paper builds a bridge between the more
theoretical approach of the circular economy and daily practice in campus development, using
semi-structured in-depth interviews with a broad range of stakeholders in university management
in Dutch universities. The study aims to show possible perspectives and offers insight into which
factors are important for the sustainable development of a university or other campus, taking into
account the principles of the circular economy. The paper introduces a framework for understanding
the various dimensions and scales of campus operations. The aim is to make a practical contribution
to the implementation of circular principles in campus development. The main conclusions are that
circularity is an organisational issue, complexity must be reduced, and integral policy and specialised
knowledge are required. Five recommendations towards an integrated strategy for circularity in
campus development are given.

Keywords: area development; campus development; circularity; circular economy; sustainability

1. Introduction

The circular economy is a new field of research and the number of articles has grown rapidly
over the past 10 years. These have usually involved establishing a close link between the concepts of
the circular economy and sustainability, without this relationship being precisely defined in scientific
terms [1]. While energy efficiency issues in the construction sector have been extensively researched,
circularity remains a relatively new issue [2]. No clear definitions of the concept of ‘the circular
economy’ are used in science and literature [3]. Various studies [2,4–6] have shown that circularity is a
complex subject with many facets. Scientific studies on the circular economy often focus on the macro
scale of a region or city, or on the micro scale of product development [6,7] and individual projects
with an experimental character or limited circularity aspects [8].

1.1. Objective

To date, there has been no systematic application of circular principles in Dutch campus
development. Construction, development and redevelopment projects usually focus on limited
aspects of circularity and are separate from each other. In the area of sustainable development of the
physical campus, there is a need for the elaboration of practice-oriented strategies for an integrated
approach. This study establishes a connection between the subjects of a campus environment, area
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development and the circular economy. The central research question in the research is: To what extent
and in what way are principles of the circular economy applied in the area development of (university)
campuses in the transformation to a sustainable campus? By looking beyond the boundaries of a
single building, structural links and a systematic approach are sought within the campus area. For
this study, the Dutch university campuses are studied. The complexity and breadth of the concept
of the circular economy pose a major challenge for organisations in terms of structurally applying
circularity in existing processes. This paper introduces a framework for understanding the various
dimensions and scales of campus operations. It shows which dimensions in the area development of
university and other campuses influence the application of circular principles in the transformation to
a sustainable campus. In this respect, the study provides insight into:

• How the principles of circularity can be systematically applied in practice in area (and other)
development and transformation of a campus;

• What conditions must be met to develop/redevelop a university campus in accordance with the
principles of the circular economy.

1.2. Method

The application of circular principles is being researched on university campuses in the
Netherlands, with a focus on real estate and area development processes, as opposed to facility
processes. The paper develops a framework from theory. It validates to what extent the framework
works in practice. As such it is not a qualitative study, nor is it grounded in theory. It develops a
framework for future research. In the first stage, a literature review is based on scientific literature
and practice-based research on the circular economy and campus development to answer research
questions. The preliminary research was aimed at finding leading dimensions in campus development
that are characteristic of a campus and that influence circularity. These studies have revealed a number
of principles that are relevant for campus systems to meet the requirements of circularity. The principles
have been filtered according to their significance for the spatial sector and possible applications in
campus development.

In terms of area development, the campus can be regarded as a defined system, of which buildings
are a part. The system perspective is again seen as an important aspect in the approach to circularity.
The aim is to be able to identify structures and processes within the ‘campus’ system that influence
the application of circular principles. The complex relationships between flows and levels of scale,
criteria for circularity, development processes and relevant actors are investigated in order to identify
the mutual influence. The following factors were related in an analysis matrix (Table S1) with the aim
to discover which processes influence circularity and to make possible patterns visible: principles
of circularity such as minimizing raw material consumption and waste; value preservation of raw
materials, high quality reuse material/product, use of renewable energy sources, minimizing CO2

emissions and toxic substances, climate adaptability, biodiversity and social balance; related to the
production process, product design, material selection, disposal process, construction process and
assembly, transport and distribution, system design, development process, demand specification,
product choice, management process and user behaviour and policy. In the first step of the analysis,
the different spatial scales, flows of resources and principles of circularity were linked to development
processes which influence the circular principles. To make patterns transparent, three categories were
applied in the matrix fields for the different groups of actors and processes, based on the division
of [9]:

• The creation process—with the producer, supplier and builder/contractor;
• The design process—with the architect, designer and consultant;
• The development process, management and use—with client, owner, user and manager.

A more in-depth analysis in the following step also includes more detailed criteria and indicators
for circularity such as footprint, efficient land use, building flexibility (multifunctional), dismountable
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constructions, modular buildings, energy performance, policy reuse, environmental performance and
origin of materials and information management, in order to investigate the relationship between
the process and circularity principle. By naming these criteria and indicators per flow and per scale
level, it is clarified which factors in the process can have an impact. By means of a theoretical analysis,
stakeholders such as producers or clients, who exert a special degree of influence on circularity
in specific processes, come into the picture. To test the theoretical concepts found earlier in an
analytical way, the assumptions derived from the analysis were translated into interview questions.
The 13 interviews with various stakeholder groups are used as a means to see how the principles work
and whether the problems and conclusions from the theoretical research are also valid in practice.

During the interviews, it was investigated how sustainability aspects and circularity are
implemented in the campus developments. The questions focus on the scale level of a specific
project, vision and policy, development processes, instruments used and actors involved. Questions
were asked about objectives and factors relevant to circularity, to what extent specific criteria are
consistently applied in projects with a circular approach, which aspects are missing and why certain
factors are not taken into account. The question of where obstacles are experienced in the application
of circular principles in campus development was also asked. The interviews were conducted with
employees involved in sustainability, procurement and area development at six Dutch universities.

The Netherlands has 13 universities, about half of which are involved in technological research.
A representative selection of these universities has been approached. On the campuses, subprojects
were investigated, where within the scope of project development, attention was paid in various ways
to a possible circular approach with a spread of aspects and factors. Each subproject has a different
focus with respect to the development phase, scale and development task.

Given the broad problem definition, the research has an exploratory character. The insights from
the theoretical research and the interviews have been translated into a more generic approach and
relevant process steps for the structural application of circular principles. The steps which must be
taken to systematically apply circularity in campus development and to be able to guarantee it for
future developments have been mapped out by means of a framework. The framework provides a
structure and overview to apply the principles of circularity in a systematic way. The process of how
to integrate the various dimensions and area scale levels is an important aspect of the new knowledge
this article delivers.

2. Building Blocks for a Circular Approach

2.1. Evolution of the Concept of the Circular Economy

The idea of circularity is essentially not new and until the industrial revolution, the economy was
predominantly circular [5]. That there are limits to the extent to which human activity can deplete the
natural environment and that population growth affects the earth’s finite resources was noted by the
Club of Rome in its first report [10]. The idea of a circular economy is largely rooted in the concept
of cradle-to-cradle [11]. Drawing from the function principle of ecosystems, this design philosophy
focuses on optimising systems instead of components to minimise the loss of value of raw materials.
The publication ‘Towards the Circular Economy. Economic and business rationale for an accelerated
transition’ by the Ellen MacArthur Foundation [12] is in line with the cradle-to-cradle concept and is
considered one of the founders of the circular economy.

There is no unequivocal definition of the term ‘circular economy’ [3]. There is a close link between
the concepts of the circular economy and sustainability [13], but this relationship is not precisely defined
in scientific terms [14]. Circularity is seen in some concepts as a prerequisite for sustainability [1].
According to the analysis of Kirchherr et al. [3], the ‘Circular Economy’ is an economic system based
on business models that replace the concept of ‘end-of-life’ with reducing, reusing and recovering raw
materials in production, distribution and consumption processes, by operating at different levels of
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scale and with the aim of achieving sustainable development for present and future generations. Often
a link can be found with the three pillars of sustainability: economy, environment and society [6,14].

The circular economy pertains to the careful and sustainable use of existing resources.
The principle of cyclical material cycles and their closure remains an important aspect in the different
definitions and concepts of the circular economy [15]. In their conclusions, Kirchherr et al. [3] stressed
that the circular economy should be seen as a fundamental systemic change. Pauliuk [16] and
Preston [17] also referred to the theoretical background of systems theory [18] and the relationship
with Industrial Ecology. By involving all stages of life in development and by using products,
components and materials within the cycles on a permanent basis, the linear economy becomes
a circular economy [8].

2.2. The Circular Economy in the Spatial Sector

The spatial sector plays an important role in the circular economy in view of the large flows of
raw materials involved. Area development concerns the physical adaptation of a specific location and
always takes place in a specific socio-economic context, but transformations within the area also have
effects on the external environment and vice versa. The aim of area development is to create ‘integral
environmental quality’ [19]. There is a direct link between the quality of the living environment and
sustainability in terms of environmental quality, health issues and social values on the one hand and
the future value of spatial quality on the other. In addition to site-specific elements, flows such as water,
energy and mobility form part of area development. Wientjes [20] concludes that spatial planning
does play a role in making a region circular. Too often the emphasis of the circular economy is on
business (and other) processes and the initiative is generally left to companies and citizens, without
making a link with the function that spatial planning has in achieving sustainability. To make the
circular economy a guiding principle, spatial plans must have a circular approach from the initial
phase, otherwise little usually remains of the sustainability ambitions [20].

The circular economy goes beyond recycling and, in order to achieve maximum environmental
benefits, strategies that involve the entire production and consumption chain are preferable [21]. In
order to achieve maximum economic and ecological effects based on circular principles, sometimes
more radical changes and innovations to existing systems are needed. This requires a new way of
thinking about designing products and services, adapting production methods, but also concerns
procurement processes [8].

In the search for possibilities to make ever-growing cities more sustainable, in recent years,
increasing attention has been paid to the concept of ‘urban metabolism’ [22,23]. The totality of urban
flows such as energy, food or waste is considered as a metabolic process of the city organism [24].
Urban metabolism can be defined as “the sum total of technical and socio-economic processes occurring
in cities” [22]. It not only relates to internal transformation processes within the urban system itself (the
organism), but also to the balance of the inflow and outflow, the exchange with the environment. With
a view to sustainable urban development, Tjallingii [25] formulated the Ecopolis strategy: The city
is seen as a dynamic and complex ecosystem which consists of a number of smaller ecosystems on
the one hand and is itself part of a larger ecosystem on the other hand. Plan development not only
concerns the quality of a specific area, but also the inflow and outflow of the system and the quality
of the environment outside those areas. Because the management of flows depends on the actors
involved, but the flows also influence the design of areas and vice versa, these three areas of attention
cannot be seen in isolation [24].

The application of circular principles in the spatial sector is more complex than in product
development. Indicators of circularity usually relate to different levels: The micro level of construction
(and other) products, the meso level at the local scale with neighbourhoods and the macro level of
cities, regions or the whole country [16]. In the built environment, each material has its own specific
life cycle and is part of different processes and changing uses over its lifetime [6]. The transition to a
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circular economy in the spatial sector therefore requires different perspectives of scale and a broader
view of the dimensions in research and planning.

2.3. Circular Construction Production

The demand for materials is high: Around 50% of the raw materials used in the Netherlands are
processed in the construction sector [26]. However, the scarcity of materials is seldom a motive for the
circular economy in construction [27]. With around 40% of all waste in the Netherlands, the sector is
responsible for large waste flows and around 35% of CO2 emissions [26]. In the Netherlands, more
than 95% of construction and demolition waste is recycled [28], usually in a low-grade manner [9].
However, a large proportion of the raw materials leave the chain [9] and there are no closed cycles.
New buildings are hardly ever made with recycled products, only 3% of the raw materials are used in
their original function, so the influx of primary raw materials remains high [29]. The energy needed to
produce building materials usually comes from fossil sources. The carbon footprint of these materials
and the extraction of raw materials for construction lead to pressure on ecosystems [27].

The spatial sector is characterised by a complex system of different value chains. The transition to
a circular economy within the construction and real estate sector requires optimising this chain from
the source [30]. This not only concerns spatial and technical aspects, but mainly requires organisational
and institutional changes and other processes in the design of the built environment. There are no new
steps at the financial, administrative or organisational level to implement this structurally [31]. Circular
construction starts with the design of a building, but also involves the associated collaboration and
knowledge sharing. A subsequent life cycle of buildings, building elements, products and materials
must be part of the design process [32]. This means that information must be made available in
the long term and the working methods of the chain partners in the various stages of life must be
coordinated. Making this information accessible to the actors involved plays an important role in this,
so that sources can be used locally [33].

Existing instruments for assessing the environmental impact and sustainability aspects (such as
Building Research Establishment Environmental Assessment Method (BREAAM), Life Cycle Analysis
(LCA), ECO Cost) are partly in line with the principles of circularity and can be used as a basis for
better specifying circularity requirements. However, these tools need to be further developed. These
instruments can also be integrated with Building Information Management (BIM) [27]. 3D models
of areas can serve as a framework for linking spatial information to data from a life cycle analysis
or materials passport. In this way, data at different scale levels can be made transparent and can be
related to each other—such as raw material flows at the area level but also within a building—and
policy regarding the various raw material flows can be effectively coordinated [9].

Circularity not only has a physical side. Stakeholder interests and the way in which the actors
involved make agreements with each other influence the overall process. Van Splunter [9] distinguishes
between three groups of actors: Suppliers and producers influence the use and choice of raw materials.
Designers and construction companies make product choices in the design process and determine
which materials are added in the construction process. Clients, developers, investors and governments
influence the first two groups through their commissioning, tender specifications and forms of contract,
or through legislation.

Recent studies [20,34–36] by Wientjes, Potemans, Van Haagen and Castelein show that there
are also various strategies in the spatial sector that are suitable for circular tendering or contracting.
Pauliuk [16] criticises the fact that the monitoring of the implementation of circular strategies remains
vague for the time being. Clients or organisations are responsible for choosing the right indicators
and each determines their own standard for circularity. Companies are not structurally involved in
circularity and governments, as clients do not take the lead enough to create professional preconditions
and set circularity requirements [27,37]. The available instruments are insufficiently applied and, on
the organisational side, instruments and processes are less developed [2].
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2.4. Sustainability Visions in Campus Development

The subject of sustainability has received increasing attention in university research and
educational institutions in recent years [38]. Sustainability aspects are becoming an important topic in
many campus projects. Not only in terms of technical innovation [39], but also in terms of influencing
behaviour, active sustainability policy on campus plays a special role in society. In the pursuit of
a sustainable society, in the future many of the current students will also influence other people or
organisations outside the campus through their decisions [40].

On the strategic, physical, financial and functional levels, campus management has increasingly
changed into area development in recent years. However, the campus should not only be seen as a city,
but also jointly with the city [41–43]. In terms of new strategies for sustainability, the campus offers
itself as an ideal testing ground for the development and implementation of social and technological
innovation, enabling universities to expand their innovation potential both inside and outside the
campus walls [44]. The tasks of campus management have become increasingly complex over the years;
changing structures in funding and rapidly changing themes in research require increasingly flexible
housing [45], but university organisations structurally lack the money to invest in the development of
their campuses [42]. Economical use of square metres contributes to sustainability goals and reduces
the risk of future vacancy. Reducing the ecological footprint is also a strategic choice [46], but policy for
more intensive use of space instead of building more calls for a different way of thinking. This requires
sharing and multifunctional use of space on the campus and meeting peak demand through the use
of temporary facilities. Relating the use of space to activities instead of allocating space to regular
individual users can be a solution for making more efficient use of the available square metres [45].

More and more universities see a ‘green campus’ and achieving environmental objectives, such
as reducing CO2 emissions or limiting the ecological footprint, as important goals within campus
management. Existing buildings are used in different ways [42]. Various European universities have
now set up Green Offices or appointed a sustainability programme manager as a point of contact with
expertise in the field of sustainability [40]. However, Ávila et al. [44] pointed out that changes in the
organisation of a university are not easy. Previous research [38] has shown that sustainability objectives
in campus policy in general are too fragmented and are not systematically integrated and coordinated
within the organisation. Despite the increasing urgency to consider sustainable development as part
of their activities, many university organisations remain reluctant in reviewing their own business
models. In particular, the investments required are often regarded as a barrier, while the benefits in
terms of both environmental and economic performance are not sufficiently recognised [44]. The lack
of support from university management and willingness among policy makers prove to be among the
main obstacles [44].

2.5. Knowledge Gap

Global population growth (The global population has quadrupled in the last 100 years and will
cross the nine billion mark by 2050) [47] and increasing prosperity are leading to an increasing demand
for raw materials worldwide [48]. The circular economy is seen as an economic system that strives to
use resources in a smart way and to preserve their value as much as possible. Sustainable structuring
of the built environment and limiting our ecological footprint are becoming increasingly important to
enable us to live a prosperous life on a healthy planet in the future. The spatial sector can contribute to
reducing ecological footprints, but the circular economy requires an integrated approach that goes
beyond the level of a building. Spatial projects are characterised by a high degree of complexity. By
making connections between the various spatial scale levels, this study is looking for a system at a
higher abstraction level for a structural circular approach in area development.

From the literature review, it is concluded that a gap exists in circularity in campus development.
Universities and other educational institutions recognise the societal importance of sustainability
issues and are increasingly focusing on them in their education and research programmes. This is often
independent of the objectives for the development of their own campus [40,44]. Previous research
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shows that universities around the world, in different geographical regions, encounter similar obstacles
to sustainable innovation on campus [44]. So far, few projects have been realised in campus or area
development in which circularity is a determining factor. There is no systematic overview available of
implementation strategies for the principles of a circular economy in area development or campus
development. A framework that shows the connections between different dimensions and scale levels
in the campus area is needed to provide CE implementation in campus development.

3. Circularity Strategies

3.1. Systems Thinking and Life Cycles

Systems thinking [16], synergy effects and closing cycles [15] involving the various life cycles in
the area are important approaches to be able to apply the principles of circularity in area development
processes. Since the 1950s, increasing interdependence in the world has led to new academic trends
around complexity theories and systems thinking. It is recognised that new technologies alone will not
solve our major sustainability issues. In systemic innovation, the social context changes simultaneously
with the development of new knowledge and technology, and new ways of thinking, organising and
acting arise in the context of the innovation [49]. Each system has a boundary and is characterised by a
structure and a process, but also by the interaction between the system and the environment, the input
and output. Systems thinking looks at both the bigger picture and the individual components [50]. In
order to achieve synergistic effects, it is relevant to understand how components influence each other
within the framework of the whole [12]. Involving the various life phases or life cycles and closing raw
material chains are central strategies of the circular economy based on the principle of keeping a raw
material in a cycle as long as possible, thereby limiting the loss of its value [5].

Whereas the initiatory and development phases of area development processes [51] (Figure 1)
primarily involve intangible factors, such as policy and decision-making, more physical aspects, such
as raw material flows, play a role during the implementation, use and management phases. At the end
of a usage phase, it can be decided to redevelop and transform or reuse an area or building as a whole.
This involves the process being restarted from the initiatory phase onwards [51]. Such choices affect
the flows of raw materials and the input and output of the system. At the end of the life phase, these
are extracted from the system, added as recycled materials or reused as building components.

 

 
 
 
 
 
 
 
 
 
 

 
(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
 (b) 

Figure 1. (a) System thinking; (b) life cycles in area and real estate development.

158



Sustainability 2019, 11, 627

3.2. Dimensions in Campus Development

Circularity in campus development can be viewed from different angles. The campus is
understood as a ‘system’ and seen as a suitable testing ground for the application of circular principles.
By looking beyond the boundaries of a building and involving resources and flows at the area level, the
extent to which transformation and development processes on the campus are in line with the principles
of circularity can be mapped out. Campus development is regarded as a specific organisational form
in area development. According to the Glaser, Karssenberg, Laven, Teeffelen and Hoff [52] model, area
development is determined by three categories: use (software), built environment (hardware) and
management (orgware). The urban metabolism establishes a close link between the quality of a specific
area and the inflow and outflow of the system. According to Tjallingii [25], the management of flows
depends on the actors involved, and the three elements ‘areas’, ‘flows’ and ‘actors’ cannot be seen in
isolation [24]. A research model has been developed to analyse the applicability of the principles of
circularity in the campus system, based on the different dimensions of campus development. The four
dimensions of ‘organisation’, ‘use & function’, ‘spatial scale levels’ and ‘flows & materials’ were used
(Figure 2) for the theoretical analysis.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Figure 2. Research model with campus development as a system (own figure, based on various models
from urban metabolism and area development).

Area development involves complex processes with a wide variety of stakeholders and actors.
Area development processes are influenced by power relations, interaction and cooperation between
the various actors [51]. Relationships between parties and actors are not only technological in nature,
but also have a social character and are part of a complex network [2]. Ideally, an integrated area vision
or real estate strategy should cover all phases and cycles of life. In the various life phases, different
actors are again involved, which influence each other mutually through their decisions and actions
(Figures 1 and 3). There is a complex network of parties and stakeholders involved in each phase of
the development process. These have different goals and interests and each have their own strategies.
Decision-making processes in networks are characterised by a system of mutual dependence and
interdependence between the various actors [53]. Network management is a strategic tool to structure
a complex field of action. The ability to link the various factors and elements is an influential factor for
the success and task of process management [51,54]. The starting point is the interactions between
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parties, not the objectives of the individual actors [55]. Instead of a desire to achieve predefined results,
adaptive capacity is the main requirement for managing the process [56,57].
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Dimension organisation & process 

Figure 3. Dimension organisation & process: (a) Organisational structure and development processes:
Campus organizations are usually hierarchically structured line organizations with different layers:
The strategic level, which focuses on setting strategic goals and policies, the tactical level with the
task of setting up processes and steering the realization of goals and the operational level, responsible
for the execution of goals. (b) Actors: Within the organisation, different departments or sometimes
external parties are involved in the different processes within the campus development for each life
cycle phase.
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Area development manifests itself through spatial changes in different areas, which are mutually
correlated and are part of a city or region [51]. Apart from housing a university organisation, a campus
also has a physical side. The spatial dimension is characterised by different levels of scale, which
cannot be seen separately from one another. The spatial scale levels are often related to different
functions such as the campus as a whole being a carrier for transport and underground infrastructure.
In his approach, Brand [58] distinguished six different layers of a building, with a different life cycle
each time for the area, the outer structure, the shell, the installation, the interior space and the layout.
The separation of the various layers concerns not only the physical and technical components, but also
the functional and economic interests and responsibilities [59]. By relating flows on campus to levels of
scale and presenting them in cohesion, insights are sought for how chains can be closed (Figures 4–6).
In some cases, local factors play an important role when it comes to closing cycles, while in other
situations, optimisation can only be achieved on a larger scale [33].

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

Figure 4. Relationship between all flows and one level of scale in the area.

In the theoretical framework, models from the area development are involved in order to be able
to interpret circular principles in campus development. The research model (Figure 2) establishes
connections between the different dimensions. The complex relationships between flows and levels
of scale, principles of circularity, development processes and relevant actors are mapped out. The
comparative analysis forms a theoretical approach to filtering factors and makes patterns visible: per
scale level, different processes in campus development have an impact on the application of circular
principles. The parties involved, such as the client, user, developer, manager, designer, contractor or
producer, each have a different degree of influence by the choices they can make, depending on their
role and the phase in the process (life cycle).

Depending on the scale level in the area, the strategies in the policy and system choices in the
development process are decisive, or the choices of a producer in the production process of building
materials have more influence on the degree of circularity. In order to apply circularity principles
consistently, the different levels, phases and factors must be systematically linked to and weighed
against each other for the whole life cycle.

Making the structures and connections transparent is an important condition in this respect. This
applies not only to the construction chain, but the various actors within a campus organisation must
also be involved. Intangible factors and processes at the organisational level, such as tendering policy
and design choices, have a major influence on the applicability of circular principles. Requirements
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and criteria must be systematically specified and consistently applied in all development processes,
especially at each level of scale and life phase, in order to achieve circularity in the spatial sector.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
ORGANISATION FLOWS 

Figure 5. Example water—relationship between scale level of area, water flow and organisation (process).

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Figure 6. Closing cycles in relation to flows and scale areas: Cycles can be closed per flow or per scale
level, but circularity can also be achieved between the different scale levels. In addition, an interaction
can occur between different streams, per scale level or integrally in the area.

3.3. Practical Explorations on Campus

The subject of circularity is on the universities’ agendas. The theoretical framework was verified
and validated in 13 interviews with various stakeholder groups. Based on the theoretical analysis,
interview questions were formulated to investigate how the circularity aspect is interpreted within the
framework of the campus developments. The interviews were conducted among employees involved
in sustainability, procurement and area development at six Dutch universities. Topics included
circularity, sustainability and the four dimensions of campus development.
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The first series of interviews with developers as a specific group of stakeholders led to new insights.
These insights were used in the second series of interviews with different types of stakeholders. The
second series of interviews was more broadly focused on achieving sustainability objectives, circular
approach and policy on campus and was conducted with sustainability programme managers and
procurement and external advisors. Questions asked are like: To what extent does sustainability or
circularity play a role on the campus (vision) or in the specific project? What then is the focus—such as
materials and flows, system choices, reuse? Where does the question of circularity come from—own
initiative/management/designer/or? Where is the biggest challenge concerning circular projects?
What are the issues? The questions were formulated and the interviews held in Dutch language. The
original questionnaire can be found as an appendix (Figure S1).

The result is that circularity is mainly seen as a means to achieve sustainability objectives.
However, in campus development, circularity is experienced as a complex theme. There is no common
thread to translate the sustainability objectives into concrete requirements at the tactical and operational
level. The ambitions differ; initiatives arise mainly at the project level and are supported by individuals.
Because organisations are unable to define their sustainability ambitions and set priorities in terms
of circularity, it is difficult for project managers to translate the objectives into concrete requirements.
Despite the formulated sustainability ambitions, principles of circularity are not structurally applied
by Dutch universities. There is no common thread in the complex subject: The policy for internal
organisational processes is insufficiently coordinated by the various departments. No integral strategy
is formulated for circularity. The aim is to retain existing policy frameworks, processes and instruments
without investigating whether it is useful to maintain them. No conscious links are made between
development projects at the area level; circular objectives focus mainly on the building level, energy or
waste flows.

4. Results

4.1. Framework for a Circular Campus: Systems Thinking as a Starting Point

The research results confirm the need for more integrated policies for the various departments
and processes in order to achieve circular objectives. The insights from the theoretical research and
interviews have been translated into a more generic approach to campus development. It is remarkable
that concepts for circularity focus mainly on technological questions. In order to be able to close cycles
and use synergy effects, the various scales and layers within the (campus) organisation are just as
important for circular area development. In a complex network with many actors, divergent interests
and specialization of processes, the concept of circularity requires system thinking and network
management. Making connections between the various spatial scales is another important aspect.
Intangible factors and processes at the organisational level, such as procurement policy and design
choices, also have a major influence on the applicability of circular principles. Circular economy in
area development concerns a cultural change that cannot be achieved by systematically rolling out
objectives from above.

The ‘circular campus framework’ shows the relevant process steps in order to apply the principles
of circularity in a systematic way. By making the coherence transparent, the framework brings structure
to a complex theme and offers the possibility to get a grip on the subject based on the four dimensions.
The integration of the dimensions of organisation, spatial scale levels, flows and use is an important
aspect of this. The research shows that these dimensions are closely interrelated and influence each
other. Going through a linear step-by-step plan with a start and an end point seems insufficient
to achieve the intended results. In the conceptual model, systems thinking is used as an essential
approach to circularity and the campus is considered to be a system. The different dimensions affect
this system and therefore also the application of circular principles. This makes systems thinking the
logical starting point for the implementation of circular principles on campus.
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The complexity and breadth of the concept of ‘the circular economy’ presents a major challenge
for organisations to apply circular principles systematically as well, even though different methods
and tools are available. Complexity occurs when a large number of actors or factors influence each
other. ‘Wicked problems’ or unstructured problems are a recurring topic in area development [60,61].
Some concepts for network management in area development assume that increasing complexity
can actually offer new perspectives. An overly sharp problem delineation in a process can then be
dysfunctional, because the different actors have different perceptions of the problem. By formulating a
problem broadly, different parties can contribute their interests [53,61–64].

Strategic innovation in the field of circularity requires continuous interaction in a complex network
of internal and external actors. Changes take place at several points simultaneously in an iterative
process, in which all relevant stakeholders must be involved. Depending on the perspective, there are
different aspects and measures that influence each other. The dialogue between the parties concerned
remains essential. By exchanging knowledge about issues and exploring new possibilities, the policy,
work processes and responsibilities of departments are gradually developed.

4.2. Integral Policy at Strategic Level

On the one hand, the framework moves in the field of tension between integral policy at the
strategic level (Figure 7) and, on the other hand, in translating objectives and making criteria specific
at the tactical and operational level. Coordination of integral policy in the area of circularity is
essential in order to prevent each department from formulating its own partial policy which is not
consistent with the others’. Involving all departments in the development process and throughout the
life cycle can create a consistent approach to circularity. This concerns the process side in the same
way as the physical dimensions. Policy choices of the various departments affect the dimensions in
different ways and need to be constantly adjusted in a dynamic process. A strategy for circular campus
development must safeguard this coherence. The framework shows the mutual dependencies in a
network system with different nodes (Figure 8). This not only concerns internal stakeholders within
the campus organisation: A second axis in the field of tension concerns the relationship between
internal and external parties and the method of working together. By asking clear questions, the client
can stimulate the market without prescribing solutions. Being open to a different way of working and
contractual arrangements are part of this. Methodologies for this already exist, but should be linked to
circularity objectives.

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

strategic                                                                       tactical/operational 

ambition              integral strategy                              making specific 

Figure 7. Field of tension between integral policy and making criteria specific for the tactical and
operational level.
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Framework circular campus as maturity model 

Figure 8. Framework for a circular campus as a maturity model with a fictitious example of two
campuses. The framework cannot be seen as a blueprint. The starting point must be determined on the
basis of a baseline measurement for the specific situation of a campus. Similar to a maturity model, the
progress can be visualized in a coherent structure.

4.3. Tactical and Operational Level Specification

In addition to consistent policy at the strategic level, priorities and clear substantive objectives are
required for the tactical and operational level. To this end, process agreements must be made at each
scale level and concrete criteria must be determined for making the relevant flows circular (Figure 7).
By defining a scope and gradually implementing it in terms of content, the complexity is reduced
and the subject is clearer. For each dimension, various measures can contribute to putting circular
ambitions into practice. Ensuring the coherence between the dimension is also essential at the tactical
and operational level (Figure 8).

The systematics of the framework aim to make the underlying connections and structures visible.
A clear scope can serve as a starting point for concrete substantive objectives and setting the necessary
priorities. By linking thematic areas of attention on the campus to principles of circularity, a storyline
is created and the subject becomes tangible for the various parties involved within the organisation.
A pilot scheme on the campus such as a ‘living lab circular campus’ can play an important role in this
if it goes beyond just a construction project and the various stakeholders are involved. Translating
ambition into concrete content aspects makes the abstract subject of circularity more understandable
and accessible.
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5. Discussion and Conclusions

5.1. Discussion

Circular economy in area development is still in its infancy. In practice, those involved are
confronted with the complexity of the theme. As the analysis showed, not only technical system
choices but also the structure and processes within the organization influence the implementation of
circular principles. The interviews confirm a number of assumptions from the theoretical analysis. As
far as we know, practical research on circular economy on campus has focused on separate scale levels
or, for example, facility services, food and waste flows or the energy theme. Campus organisations
are working on the subject of circularity, but after the first experimental phase there is still a need
for better structure and standardisation, particularly when it comes to an area-based approach. By
establishing a link between circular principles and the various dimensions of campus development,
the study contributes to the development of a new structure.

This research is based on the theoretical analysis and on the experiences of 13 interviews on six
university campuses in the Netherlands with a similar structure. This concerns technical universities,
but also campuses without a focus on technology. It is suspected that this group is representative.
Other forms of organisation, such as colleges of higher education or universities in other (European)
countries, were not investigated. The literature study shows that similar subjects also play a role in
non-Dutch educational organisations.

This paper aims to provide a framework for CE implementation in campus development. In all
cases, the campuses investigated are clearly demarcated areas that are part of a city. Campuses with
other spatial typologies such as a greenfield campus outside the city or a university with separate
buildings that are fully integrated into the urban fabric were not specifically investigated. The question
of whether circular principles can also be applied to the development and transformation of other
areas has thus not yet been answered. The system boundary plays a role in the application of circular
principles. The results of this study suggest that full integration into the structures of a city increase the
complexity and number of actors and that other processes influence the system. The design of business
parks with clearly defined spatial and organisational boundaries, on the other hand, is comparable
to the campuses studied. Additional research, in which more and different types of area typologies,
organisational and administrative units are investigated, can contribute to broadening and deepening
the knowledge about the application possibilities of circularity in area development processes.

5.2. Conclusions

Circularity is an organisational issue, but concepts for circularity focus mainly on technological
questions. A framework for practical applications is lacking in campus development and there is a
need for a better system that involves the various levels of scale of the area. In a complex network
with many actors, divergent interests and specialisation of processes, circularity requires systems
thinking and network management. Intangible factors and processes at the organisational level, such
as tendering policy and design choices, also have a major influence on the applicability of circular
principles. The circular economy in area development concerns a culture change that cannot be
achieved by systematically rolling out objectives from above. Without an integrated policy, holding on
to existing frameworks and instruments can be an obstacle if they do not sufficiently correspond to the
approaches of circularity. As long as there is no meta-level vision, solutions will continue to focus on
individual projects or technical details, without an integrated approach for the campus.

The complexity of the circular economy concept and the limited experience with it pose a major
challenge to campus organisations. The subject must be made more comprehensible and accessible to
the various parties involved, so that concrete steps can be taken. A clear system with a clear scope
helps to make the underlying connections and structures visible and to set the necessary priorities for
substantive objectives. One conclusion of this study is that the complexity must be reduced, especially
in the initial phase, for the tactical and operational level.
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Campus organisations want to get to work with circularity, but do not know exactly how to put
it into practice. The expertise is limited and the substantive meaning of ‘circular’ is often not well
thought-out. As a result, it remains unclear where the benefits lie and what the specific requirements
should be. To ensure long-term circular objectives, integral policy and specific knowledge are required.
Responsibilities and roles must be explicitly defined within the organisational structure. At the
management level, the support base must be increased and the subject must structurally be given more
priority in the various processes.

The universities have an important guiding role as a driver of circularity in the further
development of instruments and processes. Although various instruments or certifications are available
for sustainability aspects, they are not being applied sufficiently for circularity objectives. The circular
development process requires a different way of thinking and working together in networks in the
exchange of knowledge between client, designer, consultant, contractor and supplier. Exchange within
an inter-university network could provide many valuable insights for implementation, but in practice,
every campus reinvents the wheel.

5.3. Follow-Up Study

In all cases, the campuses studied are clearly demarcated areas that are part of a city. Additional
research, in which more and different types of area typologies, organisational and administrative
units are studied, can contribute to broadening and deepening the knowledge about the application
possibilities of circularity in area development processes.

Existing methods for testing sustainability objectives or resource flows should be further
developed into useful tools for testing circular aspects in area development. A combination of
the resulting data with 3D building models and BIM can lead to new insights for the application of
circular principles in area development and is a separate research theme in the field of information
management. Measurement instruments and performance indicators which take circularity into
account in an integral assessment of quality are lacking in campus development.

5.4. Recommendations for a Circular Campus

In order to be able to take steps towards an integrated strategy for circularity in campus
development, the most important recommendations of the study are as follows:

1. Ensure a consistent policy and support from all departments by formulating an integral strategy
for circularity. Make sure you also have an implementation plan.

2. Further develop the proposed system into a useful instrument by specifying substantive
requirements and concrete objectives for the tactical and operational level.

3. Reduce complexity and make the subject of circularity accessible and understandable. Set clear
priorities in the initial phase.

4. Let go of the automatism of existing frameworks and create space and flexibility for a different
approach in the development process.

5. Think and work more in network contexts. To be able to close cycles at the local level, consciously
establish links between development projects on campus at different scales and in different
life cycles.
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Abstract: The purpose of this study was to explore the feasibility of installing Water bottle
Refill Stations (WRSs) and their contributions to campus sustainability by means of encouraging
pro-environmental behavior in students. Plastic waste is one of the most critical environmental
issues. Therefore, we investigated how WRS can deter students from using disposable plastic bottles.
We conducted a survey at a Japanese university to address (1) students’ Willingness To Pay (WTP)
to install WRS, (2) their Willingness To Use (WTU) WRSs while acknowledging its environmental
benefits, and (3) the impact of communicating information about points (1) and (2). We utilized
Goal-Framing Theory (GFT) and the Integrated Framework for Encouraging Pro-Environmental
Behavior (IFEP) as the theoretical background of our study. The results of our survey found that the
mean WTP was 2211 JPY (1 JPY = 0.01 USD), an amount students would donate just once. This finding
indicates students would be willing to pay to install a WRS at their university. The mean WTP students
supported would be enough to cover the WRS installation and maintenance costs. According to
our study, 58.82% of students stated that they would be willing to use WRS. In doing so, students
would save 45,191 disposable plastic bottles and reduce 10,846 kg of related CO2 emissions every year.
Our study also showed a statistically significant increase in WTP and WTU WRS as we introduced
more and more information about pro-environmental behaviors to students. This finding indicates the
importance of information campaigning and learning how to encourage pro-environmental behavior.

Keywords: water bottle refill stations; campus sustainability; willingness to pay; contingent valuation
method; willingness to use

1. Introduction

Campus sustainability as a discipline is of growing importance not only for university campuses,
but also for its possible implications for society as a whole [1–3]; Universities have a social responsibility
to address environmental issues, and they can play unique role in a sustainable society [1]. This role
could include educating future leaders, researchers, consumers and entrepreneurs [1,4]. In other
words, campus sustainability practices could make a long-term and wide contribution to society by
educating students [4], in addition to direct and short-term contributions such as reducing waste and
saving energy.

Among the various environmental issues universities need to address [5], plastic waste is one of
the major issues in the era of “plasticene” [6] or “plastisphere” [7], therefore, its management becomes
a critical issue [4]. It is estimated 8300 million metric tons of virgin plastic have been produced and
79% of it is accumulated in landfills or the natural environment [8]. A significant amount of plastic
waste has also polluted the oceans [9–12]. Jambeck et al. [9] estimated 4.8–12.7 million metric tons of
plastic waste was dumped into the ocean in 2010 because of insufficient plastic waste management.
Due to this, there is a growing concern on how plastic waste could potentially impact human bodies,
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animals, plants, economies, and ecosystems [13,14]. By utilizing the natural capital valuation approach,
the UNEP estimated that the natural capital cost of plastic in the consumer goods sector was 75 billion
USD per year and the natural cost of plastic in marine ecosystems was 13 billion USD per year [13].

This paper intends to shed light on how Water bottle Refill Stations (WRSs) could potentially
contribute to campus sustainability by reducing the amount of disposable plastic bottles with a device
that utilizes refillable water bottles. A WRS is a device designed to provide drinkable tap water to
users with a refillable water bottle. Users simply place a refillable bottle under the WRS’s sensor and
it dispenses water directly into the bottle. Universities in the United States have begun installing
WRSs in an effort to reduce the number of plastic bottles used on campuses [15,16]. Installing WRSs is
just one way universities can contribute to campus sustainably goals. While there is no agreed-upon
definition of campus sustainability [17], it generally comprises of four main attributes; (1) ecological
(e.g., food and recycling), (2) economic and financial (e.g., endowment transparency), (3) institutional
(e.g., student involvement) and (4) energetic (e.g., climate change and energy) [5]. For example,
Washington University in St. Louis, installed a WRS in order to meet one of their campus sustainability
goals. In 2014–2015, due to the campus wide bottle water ban and the implementation of a WRS, the
university saw a reduction of 567,000 plastic bottle purchases [18]. It also reduced the university’s
carbon footprint levels by decreasing the production and transportation of plastic bottles as well as
limited the number of un-recyclable plastic bottles ending up in landfills [19].

While WRSs offer a number of promising contributions to campus sustainability, there seems
to be a paucity of academic literature on the subject. Most information currently available can be
found from campus reports (e.g., Reference [16]), online newspapers [20,21], and campus project
proposals [22], though not rigorous scientific studies. In addition, most of the campus reports and
studies have been conducted solely in the U.S. Our study intends to fill these gaps. Due to a number
of universities banning the sale of plastic bottles [23–26], there have since been extensive studies on
drinking water preferences (e.g., tap water vs bottled water) in the U.S. Our study has taken advantage
of the information gathered from these related studies.

The purpose of this study was to investigate how WRSs could contribute to campus sustainability
by students answering three Research Questions (RQs). First, we measured how many students would
support a WRS by analyzing their Willingness To Pay (WTP) for WRS (RQ1). Second, we measured
students’ Willingness To Use (WTU) WRS and its impacts on the environment measured by avoiding
disposable plastic bottle uses with related CO2 emissions (RQ2). Third, we analyzed the impact of
disseminating information about RQ1 and RQ2 (RQ3). We conducted a survey at a university in Japan
to answer these research questions.

The remainder of the paper is organized as follows. Section 2 explains materials and methods,
including the theoretical background of our study. Section 3 outlines the results. The last section
discusses the implications of our findings regarding the three research questions, the limitation of our
study, and the conclusion.

2. Materials and Methods

This section addresses the materials and methods used to answer our three research questions.
After introducing our case study, we explain the theoretical background we based our questionnaire
design on. Then, we explain the questionnaire design and assessment methods. Lastly, we explain
how we analyzed the data obtained from the questionnaire survey.

2.1. Case Study

We conducted a survey in a class composed of first-year policy science students at Ritsumeikan
University, located in Osaka, Japan. Ritsumeikan University strives to achieve campus sustainability.
One way Ritsumeikan University has tried to enhance campus sustainability and contribute to a
sustainable society is by creating a set of guidelines intended to encourage pro-environmental behavior
in students and staff [27].
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The survey was distributed to first-year students in an introduction to policy science research
methods class, taught by one of the authors. Of the 410 students enrolled in the College of Policy
Science, 362 participated in our survey. The remainder of the students are enrolled in the Community
and Regional Policy Students (CRPS) degree program, and are not registered for this particular research
methods class and therefore did not complete the survey. Since we did not have the opportunity to ask
CRPS students to participate in the survey, they are excluded from our sample pool.

2.2. Theoretical Background

There have been a number of theories developed to understand pro-environmental behavior.
For example, Theory of Planned Behavior (TPB), Value-Belief-Norm theory (VBN), and Goal-Framing
Theory (GFT) are prediction models commonly used in environmental research [28,29]. Each theory
has a different focus. While the TPB focuses on individual cost-benefit analysis [30–32], the VBN
focuses on personal norm [33]. GFT is more comprehensive than TPB and VBN because it proposes
three different goals (hedonic, gain, and normative) to encourage pro-environmental behavior [34].
Self-regulation models are another type of theory focusing on the dynamic psychological mechanisms
explaining people’s behavior, as opposed to predicting people’s behavior [28].

Our research adopted the Integrated Framework for Encouraging Pro-Environmental Behavior
(IFEP), which draws on GFT [29], for our theoretical background. There have been a number of
studies conducted utilizing the IFEP and GFT. One example is its use to test the empirical validity
of the IFEP in Sweden [35]. Another example is the work of Rezvani et al. [36], who applied GFT
to try to explain consumer electric vehicle adoption. Pro-environmental behavior often involves
a conflict between hedonic or gain goals with normative goals; therefore, strategies to encourage
pro-environmental behavior should take into account the conflict or balance among them. The IFEP
proposes two strategies to influence hedonic, gain and normative goals. The first strategy is to reduce
the conflict between hedonic (e.g., enjoyable) or gain goals (e.g., cost saving) with normative goals
(e.g., right thing to do). It is important to note there is some risk in encouraging hedonic and gain
goals exclusively as it may push normative goals to the background and undermine sustainable
pro-environmental behavior [29]. Therefore, the second strategy is critical to strengthen normative
goals for substantial behavior change. If a person focuses on normative goals, it strengthens individual
values which in turn can impact the way a person perceives the importance of a situation. If normative
goals are linked to a person’s values, the strength of those values can outweigh perceived costs of
pro-environmental behavior.

There are two reasons we adopted the IFEP for our research. First, it includes more comprehensive
goals than other theories and our case study utilizes these various goals. Other theories, such as the
theory of planned behavior, focuses more on individual cost-benefit analyses [30], which is not the focus
of our particular case study. Second, the IFEP emphasizes that situational factors play a prominent
role [29]. The main intention behind installing WRS on campuses is to introduce a situational factor,
which in this case, would be to deter students from using disposable plastic bottles.

2.3. Questionnaire Design and Asessment Methods

Based on the IFEP framework, we designed a survey to test how WRS could contribute to
influencing students’ pro-environmental behaviors. The target pro-environmental behavior was to
encourage students not to use disposable plastic bottles, which would result in less plastic waste
and CO2 emissions. This behavioral change may create a conflict between hedonic or gain goals and
normative goals; students would have to give up convenient and better tasting water (i.e., disposable
plastic water bottles) in order to support a pro-environmental choice. Therefore, the IFEP may be
effective in encouraging students to make the pro-environmental change by reducing the conflict
between these goals.

Figure 1 describes the main components of the survey including their hypothetical relationships
and expected attitudes, along with the two corresponding strategies proposed in the IFEP. The Type of
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Strategies ‘1’ label indicates the removal or reduction of the conflict between hedonic or gain goals and
normative goals. The Type of Strategies ‘2’ label indicates strengthening normative goals.

Attribute Description of 
Attribute

Expected Attitude

WRS installation Convenient, less 
effortful

1 Decrease gain costs

No charge Cheaper 1 Decrease gain costs

Assessment measure WTP, WTU, Bottles 
saved

Importance of 
campus 
sustainability

Environmental 
impacts 2

Strengthen 
normative goals

Bottle counter Fun 1

Make hedonic 
goals compatible 
with normative 
goals

Clean water Health 1

Make hedonic 
goals compatible 
with normative 
goals

Cold water Taste 1

Make hedonic 
goals compatible 
with normative 
goals

Plastic waste Environmental 
impacts

2 Strengthen 
normative goals

CO2 emissions Environmental 
impacts

2 Strengthen 
normative goals

Common in USA Role models 2 Strengthen 
normative goals

Assessment measure
Changes in WTP, 
WTU, Bottles saved

Stage 2

Additional information
More support toward 

WRS
More will to use WRS

Changes in reasons to saying yes to WTP and WTU of WRS

Approach Type of Strategy

Stage 1
WRS installation

Support toward WRS
Willingness to WRS

Reasons to say yes to WTP and WTU of WRS

 

Figure 1. Hypothetical relationships between the survey design and expected influences on students’
attitudes toward pro-environmental behavior.

The survey was comprised of two stages. For Stage 1, we proposed the installation of WRS
on campus without giving a lot of detailed information about WRS or its background, and then
asked for their support and WTU. The installation is a so-called contextual factor (or situational cue)
intended to make pro-environmental behaviors more accessible by reducing the cost of engaging
in pro-environmental behaviors [29,37]. The students’ support was measured by their WTP for the
installation of WRS, and its environmental consequences were estimated by their WTU and changes to
their plastic bottle usage. The students would donate an amount just once. While our study adopted
a one-time donation method, there are other types of payment vehicles available such as paying
higher prices, taxes, or a surcharge on utility bills [38]. Each payment vehicle has its own strengths
and weaknesses. For example, while donation methods could yield an underestimate of value, taxes
could lead to protest responses [39]. In other words, the specification of a payment vehicle could
cause unintended effects or vehicle bias [38,39]. We confirmed the validity of a donation method as a
payment vehicle in our pre-test prior to our main survey. We further questioned the students’ reasons
for their approval or disapproval of the WRS installation plan and their WTU WRS in order to test
hypothetical relationships.

For WTP estimates, we adopted a double-bound dichotomous choice method, a type of Contingent
Valuation Method (CVM), to elicit students’ WTP for the WRS’s installation because it is less susceptible
to biases compared to other methods [40]. We proposed seven different bid amounts (250, 500,
1000, 2000, 4000, 8000, and 16,000 JPY) (see Supplementary Materials SI1 for the scenario for CVM).
Five different combinations for bid values (in JPY) were used (Initial; Lower; Upper): (500; 250; 1000),
(1000; 500; 2000), (2000; 1000; 4000), (4000; 2000; 8000) and (8000; 4000; 16,000). Selecting the bid
amounts was critical [41,42] and a challenge for our study because, to our knowledge, there are not any
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similar studies in the literature we can refer to. A double-bound question (or one follow-up) is said
to increase estimation efficiency when a priori knowledge is not available, as in our study, to guide
bid design [42]. As a reference, we chose the combination of bids used by Sakurai and Uehara [43]
from their survey with similar sample (i.e., students in the same department at the same university).
However, since the topic is not germane to our study (to reduce smoking on campus), we carefully
verified the validity of the combination from the smoking survey in 2017 in our pre-test prior to our
main survey. Using a pre-test or a focus group is a common method used to choose bid amounts [44,45].
The combination was verified from the pre-test; it was neither too low nor too high [39]. A smaller
number of bids (five to eight) is also considered to be an effective method to increase estimation
efficiency [39,41].

At Stage 2, we provided further information about the WRS including the background of the
device’s installation to examine how additional information might change students’ support and
WTU. For Stage 2, Figure 1 describes the different kinds of additional information we provided
and its hypothetical impact on students’ attitudes toward a WRS. We explained how focusing on
environmental issues and campus sustainability is not only important for the university but it is also
a social responsibility [46]. We also reminded students that their university, Ritsumeikan University,
had created a guideline to support pro-environmental behavior and which asks students and faculty
members to contribute to the realization of a sustainable society [27]. We explained the severity of
increasing plastic waste including related CO2 emissions [8,47] and its potential impact on humans,
animals, plants, and ecosystems [14]. We also explained additional characteristics of a WRS such as
how it could be fun to see the counter counting the number of bottles saved and its water quality
in comparison with bottled water. Lastly, we mentioned how WRS are common on U.S. campuses.
To assess the impacts of the information as it was disseminated, we measured changes in WTP, WTU,
and plastic bottle usage. We further investigated the student’s reasons to approve and disapprove the
bid amount to install the WRS and their WTU WRS to test hypothetical relationships.

In addition to questions directly related to WTP, WTU, and plastic bottle use calculations, we also
asked students about their basic characteristics and daily habits (e.g., gender, frequency to campus,
etc.), preference of drinking water [25], attitudes toward sustainability at school/community and
their own personal responsibility [5], as well as educational background [3] in order to examine their
potential relevance to WTP, WTU, and plastic bottle use. We adopted a best-worst scaling (BWS) [48]
method in order to measure the students’ priorities for their choice in drinking water (i.e., health, taste,
convenience, costs, and environmental costs). BWS is easier to answer because it asks respondents
to choose what they feel are least and most important, rather than having to individually rank a
large number of possible options. By reiterating these possible options in a number of different sets,
the ranking of all the possible choices were revealed. We used the counting approach [49] and adopted
the following Standardized BWi to measure how to present the relative importance of choice i.

Standardized BWi =
∑n Bin − ∑n Win

Nr
, (1)

Bin and Win indicates the number of times choice i is selected as the best and the worst out of all
the questions by respondent n respectively. r is the number of times item i appears in all the questions.
N indicates the number of respondents. Standardized BWi is zero when respondents select choice i as
the best as frequent as they select it as the worst or, if they select it neither as the best nor the worst.

2.4. Survey Implementation and Data Analysis

On 24 May 2018, we tested the survey on six students from a different class than the one analyzed
in this study in order to make sure it was designed as expected [39]. Given the students’ feedback
and our own findings, the survey was amended accordingly and the implementation the survey
was reconsidered (e.g., speed of proceeding the questionnaire). The finalized survey, endorsed by
the Human Research Ethics Review Committee at Ritsumeikan University (Kinugasa-Jin-2018–6),
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was conducted in class on 30 May 2018. To avoid potential student-teacher bias, we explained to
students that their answers would not influence their grade for the course and they had the option to
not participate.

We used R (Version 3.3.2 for Windows (64 bit)) by the R foundation [50] to compute WTP and
BWS estimates, and a statistical analysis software STATA (Version 14.2) by StataCorp LP [51] for the
rest of data analyses.

3. Results

This section explains our case study results including summary statistics, WTP for WRS, and the
number of disposable plastic bottles with related CO2 emissions saved if a WRS is installed.

3.1. Summary Statistics

Not all first-year students registered for the class completed the survey (268 out of 362, 74.03%)
mainly because some of them did not attend class on the day the survey was conducted. Among the
respondents, 59.55% were male, similar to the composition of all first-year students (62.15%); 51.54%
of students were taking or had taken courses related to environmental issues; on average, the students
surveyed came to campus 4.49 days out of 5 days per week (see Supplementary Materials SI3 for
further detail of summary statistics).

Table 1 shows the students’ attitudes toward sustainability in their school/community and how
they feel about their own personal responsibilities. We adopted questions used by the authors of
Reference [5] who had previously surveyed college students in Alabama and Hawaii. All of the
questions used the same Likert scale (1. Strongly agree, 2. Agree, 3. Neutral, 4. Disagree, 5. Strongly
disagree). In order to make our survey comparable to Reference [5], we calculated the sum of choices
‘strongly agree’ and ‘agree’ into one column, and the sum of choices ‘strongly disagree’ and ‘disagree’
into another. As Table 1 shows, both types of responsibility, school/community and personal, were
strongly favored. In contrast to the findings in Alabama and Hawaii, our survey found that students
felt more responsibility toward school/community than their own personal responsibility. In addition,
the students in our survey tended to support school/community responsibility more than the findings
in Reference [5] (69% (Hawaii) and 57% (Alabama) for the first question and 68% (Hawaii) and
56% (Alabama) for the second). Chronbach’s α statistic, which measures the internal consistency or
homogeneity of statements [52], was 0.7502. Since the value was higher than proposed threshold
values (0.7 to 0.8) [53], we used the simple sum of these four values as a composite index for attitudes
toward campus sustainability in WTP estimates.

Table 1. Students’ attitudes toward sustainability in school/community and their own personal responsibility.

Item
Strongly Agree

or Agree (%)
Strongly Disagree

or Disagree (%)
N

School/community
responsibility

Do you think campus maintenance,
development and management
should prioritize sustainability?

80.83 3.39 266

Do you think every member of the
university should support
sustainable solutions?

76.32 6.76 266

Personal
responsibility

Do you want to be part of creating
of a sustainable campus,
community and/or world?

78.12 4.15 265

Would you support and/or
participate in environmental
conservation activities put on by
the university?

72.45 4.91 265
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Figure 2 shows the students’ preferences when choosing drinking water utilizing a standardized
best-worst score (Equation (1)). While taste, health, and costs were considered priorities, convenience
and environment were less of a priority when choosing drinking water.
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Figure 2. Priorities in choosing drinking water utilizing a standardized best-worst score (N = 255).

3.2. WTP for WRS

Table 2 shows how frequently participants responded to each of the five bid combinations. Table 3
is a logit model used to calculate WTP estimates. The responses before and after information about
WRS provided were pooled. The logit model revealed a statistically significant increase in WTP
(a 10% level) if more information was provided versus when it was not (Information dummy). While
the mean WTP truncated at maximum bid without information provided was 1997 JPY per student,
it was 2211 JPY per student after information was provided. Their 95% confidence intervals (Lower;
Upper) were (1652; 2424) and (1932; 2589) respectively. Likewise, while the median WTP without
information provided was 921 JPY per student, it was 1042 JPY after information was provided. Their
95% confidence intervals (Lower; Upper) were (749; 1128) and (901; 1216) respectively.

Table 2. Frequencies of responses to each of the five bid combinations.

First
Bid

Second
Bid If Yes
to the First

Second
Bid If No

to the First
YY YN NY NN Total

500 1000 250 13 (14%) 39 (43%) 16 (18%) 23 (25%) 91 (100%)
1000 2000 500 3 (5%) 21 (34%) 18 (29%) 20 (32%) 62 (100%)
2000 4000 1000 7 (9%) 16 (20%) 28 (35%) 30 (37%) 81 (100%)
4000 8000 2000 4 (5%) 8 (11%) 29 (38%) 35 (46%) 76 (100%)
8000 16,000 4000 4 (5%) 4 (5%) 28 (37%) 39 (52%) 75 (100%)

YY: yes to the first bid, yes to the second one; YN: yes to the first bid, no to the second one; NY: no to the first bid,
yes to the second one; NN: no to the first bid, no to the second one.

To explore attributes that affect students’ WTP, we also estimated a full model including attributes
potentially relevant to their WTP as shown in Table 4. Table 5 describes the variables used in the
full model. The number of students with prior knowledge of WRS was statistically significant, at a
10% level. Students who tended to answer affirmatively to “Attitudes toward campus sustainability”
also raised their probability of saying yes to the bids. “Attitudes toward campus sustainability” is
a composite index comprising of four questions regarding attitudes toward sustainability in their
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school/community and their own personal responsibility (Table 1). Students who tended to come to
campus more frequently, also tended to support WRS more often. Lastly, female students tended to
support WRS more than male students.

Table 3. A simple logit model for WTP estimates.

Variable Coefficient Std. Error p-Value

Constant 9.144 0.556 <0.001 ****
Information

dummy 0.333 0.195 0.088 *

log(Bid) −1.340 0.076 <0.001 ****
Log-likelihood −545.256

AIC 1096.512
BIC 1108.372
N 385

**** p < 0.001, *** p < 0.01, ** p < 0.05, * p < 0.10.

Table 4. A full logit model to explore the factors affecting WTP estimates.

Variable Coefficient Std. Error p-Value

Constant 10.326 1.352 <0.001 ****
Information dummy 0.428 0.210 0.041 **

Environmental education 0.072 0.212 0.734
Knew about WRS −0.461 0.271 0.089 *

Attitudes toward campus sustainability −0.149 0.045 <0.001 ****
Frequency to campus 0.412 0.195 0.035 **

Gender −0.379 0.216 0.079 *
Part-time Job −0.113 0.238 0.636

log(Bid) −1.405 0.083 <0.001 ****

Log-likelihood −479.397
AIC 976.7933
BIC 1011.411
N 346

**** p < 0.001, *** p < 0.01, ** p < 0.05, * p < 0.10.

Table 5. Description of variables used in the full logit model.

Variable Description Mean Std. Dev.

Information dummy 0: Not informed, 1: Informed 0.496 0.501

Environmental education 1: Yes, 2: No 1.503 0.501

Knew about WRS 1: Yes, 2: No 1.833 0.374

Attitudes toward campus
sustainability

The sum of four questions regarding
attitudes toward campus sustainability
(Q7, 8, 9, and 10). 4: Strongly agree with
all four questions, . . . , 20: Strongly
disagree with all four questions

7.958 2.393

Frequency to campus
1: Once a week, 2: Twice a week, 3: Three
times a week, 4: Four times a week, 5:
Every day (Five times a week)

4.491 0.630

Gender 1: Male, 2: Female 1.427 0.495

Part-time Job 1: Yes, 2: No 1.299 0.458
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The primary reasons for students saying yes to the bid were answers “I want to drink water
from a water bottle refill station.”, “I can reduce the environmental impacts and/or because I can
contribute to society through practices at a sustainable campus.”, and “It seems like it would be fun
to use a water bottle refill station.” (Figure 3). Respondents who chose answer “I think it is good to
give money to public schools, regardless of the benefits of water bottle refill stations.” are not valid
yes respondents [38], therefore they were excluded from WTP estimates. After comparing the first
three reasons before and after information was provided, we found that their frequency had increased.
Among which, answer “I can reduce the environmental impacts and/or because I can contribute to
society through practices at a sustainable campus.” increased the most.
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Figure 3. Reasons for saying yes to bid.

The primary reasons for students saying no to the bid were answers “This is not important to
me.”, “The contribution amount is too expensive.”, and “I do not feel like it is my responsibility to have
to pay.” (Figure 4). Following Reference [38], answers “This is not important to me.”, “I do not feel like
it is my responsibility to have to pay.”, and “It does not sound like a realistic plan.” were considered
to be protest responses therefore respondents who chose one of these answers were excluded from
the WTP estimate. Protest responses occur when a respondent rejects paying for the bid offered for
certain aspects of a scenario in CVM different from the amount of bid, though they may value the
good benefited from the scenario. After comparing the answers from before and after information
provided, there was a significant drop regarding the answer “This is not important to me.”

3.3. WTU and Disposable Plastic Bottles with Related CO2 Emissoins Saved

Table 6 compares the number of students who chose “Water from the water bottle refill station”
from before and after information provided. After information was provided, the number of students
who were willing to use WRS increased from 130 (54.62%) to 140 (58.82%). The difference was
statistically significant (Paired t-test p = 0.029). However, WTU was lower than a previous survey
conducted in the U.S. which had reported that 91% of students currently using disposable bottles
would be willing to switch to a reusable water bottle if there were WRS in prominent locations on
campus [54].

Figure 5 shows the reasons for WTU. Answer “I want to drink water from a water bottle refill
station” was the main reason. After comparing before and after information was provided, there was a
stark contrast regarding an environmental and sustainability concern (“I can reduce the environmental
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impacts and/or because I can contribute to society through practices at a sustainable campus.”), more
than doubling (from 24 to 51) after information was provided.
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Figure 4. Reasons for saying no to bid.

Table 6. Students’ WTU before and after new information.

WTU

New Information

Before After

Freq. Percent Freq. Percent

Yes 130 54.62% 140 58.82%
No 108 45.38% 98 41.18%

Total 238 100.00% 238 100.00%
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Figure 5. Reasons for WTU.

181



Sustainability 2018, 10, 3074

Figure 6 shows the reasons students chose not to use WRS. The main reason was because “It’s
annoying to bring a refillable water bottle around. I feel like I’m going to forget to bring it.” However,
after information was provided, this reason as well as the concern regarding taste and/or smell
(“I’m concerned about taste and/or smell.”) decreased. Students who chose they do not care about
the environment (“I do not care about the environment.”) also decreased. In contrast to our initial
expectation, there was an increase in concern regarding water quality and/or health (“I’m concerned
about water quality and/or the impact on my health.”).
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Figure 6. Reasons for students not wanting to use WRS.

We have to note that students’ WTU does not necessarily reduce the number of plastic bottles
used because some students might use both plastic bottles and get water from a WRS. As Table 7
shows, with WRS installed, all other types of beverage containers reduced. However, the total usage
of beverage containers increased from 356 to 375. Plastic bottle use decreased by around half (from 135
without WRS to 74 respondents with WRS installed and information provided), though if we compare
the responses before and after information provided, the reduction of plastic bottle usage did not
change significantly.

Table 7. The types of beverage container students drink from (N = 237).

Item Without WRS
WRS without
Information

WRS with
Information

(1) PET bottles or plastic bottles 135 76 74

(2) Paper cartons 35 22 26

(3) A reusable bottle with water or tea
brought from home 117 99 97

(4) Water from the water bottle refill station - 129 139

(5) Others (tea or water from the cafeteria, etc.) 69 34 39

Total 356 360 375

4. Discussion

Priorities for choosing drinking water differs from findings in the U.S. [23,25] and Southeastern
Asian cities (Singapore, Hong Kong, and Macau) [32], highlighting the importance of contextual

182



Sustainability 2018, 10, 3074

differences. Figure 2 shows that taste, health, and costs (related to gain goals) were focal, whereas
convenience (related to gain goals) and environment (related to normative goals) were less of a concern.
The reason for convenience being a higher priority than environmental reasons requires interpretation.
The reason is probably because students in Japan have more access to drinking water and therefore
convenience is not considered a priority. In Southeastern Asian cities, convenience and availability
were rated highest on average, which is probably because it is more difficult for students to access
drinking water than for those in Japan. When it comes to switching from disposable water bottles to
refillable bottles, convenience would probably play a more important role. Without WRSs, students in
Japan would have to fill their refillable water bottles at home and bring them to campus. Although
there are water dispensers in the cafeterias on campus for students to refill the cafeteria cups, they are
not allowed to fill up their own personal bottles. Hence, the installation of a WRS (i.e., contextual
factor [37]) is appealing as a gain goal and the distribution of information about WRS (i.e., information
campaign [29]) is strengthening a normative goal as well as appealing to a hedonic goal, all of which
seem to be effective strategies to encourage students to give up disposable plastic bottles. These
strategies also employ to the two strategies (i.e., reducing or removing a conflict and strengthening
normative goals) proposed by the IFEP [29]. As discussed above, the information given to students
regarding WRS installation and its background showed that installing the device would be a feasible
and effective way to encourage students’ pro-environmental behavior. This in turn, shows the validity
of the IFEP in our context.

4.1. RQ1. Students’ Support for WRS

The mean WTP (truncated at maximum bid) was 2211 JPY, indicating that WRS gained students’
support after information was disseminated. The two mean WTP amounts (i.e., before and after
information) were notably higher than the corresponding median WTP amounts, indicating the
distribution of the WTP was skewed [55]. While the median WTP addresses what the majority
of respondents are actually willing to pay, the mean WTP gives greater weight to a minority of
respondents who have strong and positive preferences [55]. As shown in Table 2, a notable difference
occurs when there is a large number of respondents bidding a small or zero value and a small
number of respondents bidding large values. As the choice involves value judgment and is an ongoing
debate [55,56], our study reported both measures. To our knowledge, there has been no similar estimate
in order for us to make a comparison. The installation of a WRS on campus employs the first strategy
of the IFEP; as the installation makes it convenient, less effortful, and free of charge to access water
from a WRS rather than using disposable plastic bottles. It would result in reducing conflict between
gain and hedonic values on one hand and strengthening normative values on the other. The students’
reasons for saying yes to the bid (Figure 3) indicate that the motivations behind supporting WRS
included all three gain goals. Students valued not only the water to drink (gain goal), but also how fun
it would be to use a WRS (hedonic goal) as well as acknowledging the WRS’s potential contribution to
the environment and campus sustainability (normative goal). The full model (Table 3) revealed the
types of respondents who would support installing a WRS. Similar to the findings from reasons for yes
(Figure 3), environmental concern (“Attitudes toward campus sustainability”) is statistically significant
(i.e., more concern leads to more support). “Frequency to campus” (i.e., more opportunity to use
WRS) is also statistically significant. Prior knowledge of WRS and gender (i.e., female students tend to
support WRS more) are statistically significant. Although a previous study [25] also found that gender
played a role in drinking water preferences, we do not have a good interpretation for the difference.
The reasons for saying no to the bid (Figure 4) indicate that campuses should reconsider how they
would pay for a WRS. For example, at Portland State University, the installation costs were paid by
students’ building fees [16]. Since some students felt WRS were not important to them, educating them
more about the importance of campus sustainability could also be an effective way to gain support
(Figure 4).
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Students’ support for WRS can be measured by an aggregate welfare estimate (aggWTP) using a
mean WTP from the sample multiplied by the affected population N [39]. That is,

aggWTP = WTP ∗ N, (2)

where WTP is the mean WTP truncated at maximum bid (2211 JPY). There are a total of 410 first-year
students in the College of Policy Science (362 students taking courses in Japanese and the rest in
English), and we adjusted N by multiplying it by 0.78 in order to exclude a proportion of students
who chose protest responses or contributing to the school, irrespective of the benefits of WRS as
a reason for saying yes to the bid. We assumed students taking courses in English hold the same
preferences for WRS. Hence, we estimated every year, first-year students would be willing to pay
706,984 JPY (= 410 students × 0.78 × 2211 JPY). The cost of WRS varies, for example, purchase
and installation costs of the three bottle refills stations could be 4000 USD to 7000 USD (≈700,000
JPY) [16,22]. In addition, WRS require subsequent maintenance costs ranging, for example, from
600–650 USD (≈60,000–65,000 JPY) per year at Pennsylvania State University [57]. Though, the cost of
installing three WRS could be paid off in a few years.

We should note however, that the WTP estimates could be exaggerated because people tend
to overstate how much they would actually pay in hypothetical situations as seen in CVM [58,59].
Calibration factors (mean hypothetical value/mean actual value) tend to exceed 1 [59]. Therefore,
the actual payment for a WRS could be lower than the WTP estimates.

4.2. RQ2. Students’ WTU and Its Environmental Impacts

WTP measures the benefits of using a WRS such as being able to drink water but also how much
fun it could be to use WRS and, its contributions to the environment and campus sustainability. On the
other hand, WTU directly measures how many students would want to use a WRS. It is interesting to
note that out of 100 students who stated they were not willing to use the WRS, 44 of those students
were still willing to pay for the WRS. This indicates that the WTP could include more than hedonic
and gain values, but also, normative values.

After further information about WRS was provided, 58.82% of students said that they were
willing to use the WRS. To calculate the number of plastic bottles saved with the installation of WRS,
we compare Q6 with Q37, which asked students what kind of beverage containers they usually drink
from (Supplementary Materials SI1). We assumed that a student would purchase one bottle per visit
to campus if the student chooses “1. PET bottles or plastic bottles” in Q6 and/or Q37. There was a
study done which calculated U.S. college students’ average weekly use of disposable water bottles and
found that approximately 40 percent of students purchase more than one bottle [54] a day. However,
this data is not directly comparable to our study because it includes the use of plastic water bottles off
campus. When installed, the use of plastic bottles would reduce from 135 to 74 (N = 237), or 61 bottles.
Therefore, 0.26 plastic bottles (=61/237) could be saved for each student when they come to campus.
Using this data, it is estimated all first-year students could save 474 plastic bottles and reduce 108.96 kg
of CO2 emissions per week (Table 8).

Table 8. Estimation of the number of plastic bottles saved and reduction of CO2 emissions per week by
all first-year students.

Number of
First-Year
Students

Number of Days
per Week to

Come to Campus

Plastic Bottles
Saved per

Student per Visit

Plastic Bottles
Saved per

Week

CO2

Emissions per
Bottle (g)

CO2

Emissions
Avoided (kg)

1 2 3 4 = 1 × 2 × 3 5 6 = 4 × 5/1000
410 4.49 0.26 473.76 240 113.70

CO2 emissions per bottle represents the carbon footprint of a disposable plastic water bottle (Japan Environmental
Management Association for Industry, 2012).
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Assuming the students come to campus 30 weeks per year, they could save 14,213 plastic bottles
and save 3411 kg of CO2. Furthermore, if we assume the second and third year students come to
campus at the same frequency as the first-year and if the fourth-year students come once a week,
students enrolled in College of Policy Science could save 45,191 plastic bottles and 10,846 kg of
CO2 emissions every year. We should also note that since students buy plastic bottles not only on
campus but also off campus, the environmental impacts are not only for campus sustainability but
also for community sustainability [2] (i.e., bearing social responsibility [1]). One report in the U.S.
(multiple-choice survey) showed that 48.84% of students and staff on campus purchase plastic bottles
off campus [60].

The motivations behind students’ WTU were in line with their reasons to support WRS and
included all three gain goals. Answer “I want to drink water from a water bottle refill station” (gain
goals) was the main reason (Figure 5). The main reason for not wanting to use a WRS was answer “It’s
annoying to bring a refillable water bottle around. I feel like I’m going to forget to bring it.” To have
students bring around a water bottle is a precondition, therefore this barrier could be difficult to
overcome. However, we could still alleviate the difficulty by, for example, hanging eye-catching signs
on doors such as “Don’t forget your refillable water bottle” [26]. A report at University of the Sunshine
Coast [60] showed that 60.46% of students and staff admitted that they chose to buy bottled water
rather than using a WRS on campus because they forget to carry a refillable bottle with them. However,
the other top two reasons for not wanting to support a WRS (i.e., concern about water quality, health
impacts, taste, smells) can be overcome through education (or information campaigning) and further
improvement of water quality. Saylor et al. [26] have proposed more comprehensive strategies to
reduce the barriers of using tap water and to discourage buying bottled water.

4.3. RQ3. The Impacts of Information on Students’ WTP, WTU, and the Environment

It has been well researched that information can influence people’s preferences about
environmental causes. For example, information can influence WTP for wetland protection [61],
endangered species conservation [62], and willingness to accept genetically modified food [63].
Güngör-Demirci et al. [25] has revealed the type of information provided plays an important role
in influencing how people choose between bottled and tap water. Although its mechanism and
effectiveness are still controversial, information about the environment and environmental education
seems to be key to influencing pro-environmental attitudes and behavior [4].

We hypothesized that information would influence WTP and WTU because the type of
information we provided could appeal to three gain goals (i.e., environmental contributions of WRS,
it would be fun to use because of the counter, and taste and health impacts). Our study revealed that
both WTP and WTU increased at statistically significant levels after further information about WRS was
provided. The students’ reasons for WTP and WTU provided some clues as to how information affected
their preferences. Their reasons for saying yes to the bid revealed the information seemed to appeal to
all three goals (“It seems like it would be fun to use a water bottle refill station.” (hedonic), “I want to
drink water from a water bottle refill station.” (gain), and “I can reduce the environmental impacts
and/or because I can contribute to society through practices at a sustainable campus.” (normative)
(Figure 3). One reason for students saying no to the bid, answer “This is not important to me.”,
decreased from 52 to 29 (Figure 4). Students seem to become aware of its importance after the
information was provided. We did not see the impact of how the information about the common
usages of WRS in the U.S. might have influenced their choice. However, it might be hidden in answer
“Other” as seen in Figure 3. In most cases, the students’ reasons for saying yes or no to use the WRS
(Figures 5 and 6) generally supported the same findings with the exception of the increase of answer
“I’m concerned about water quality and/or the impact on my health.” and a significant decrease in
answer “Other” as a reason for not wanting to use the WRS. It is difficult to interpret the increase in
answer “I’m concerned about water quality and/or the impact on my health.” because that choice
only includes positive information about water from WRS. The number of respondents who chose
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answer “Other” was quite significate compared to the other choices. Therefore, it is possible we missed
some important reason for students not wanting to use a WRS. Although there were not many, some
students wrote the reason for chose answer “Other” on the back of their surveys. Some students stated
that they do not even like drinking water, or, some just prefer to drink tea rather than water.

5. Conclusions

Our study investigated the feasibility and potential contributions of WRSs to campus sustainability.
Adopting GFT and the IFEP as theoretical frameworks, we hypothesized the installation of WRSs and
dissemination of information about WRSs encourages students’ pro-environmental behavior (using
less disposable plastic bottles). We designed a questionnaire survey to test our hypotheses.

There were three major findings corresponding with our three research questions. First, our study
revealed that amount students were WTP for a WRS was sufficient enough to cover the installation
and maintenance costs of a WRS. To our knowledge, there had been no study regarding students’ WTP
for a WRS. Students’ reasons for supporting a WRS were consistent with all three reasons proposed
by the IFEP. Students’ reasons for opposing a WRS and the predictors for the full model for WTP
estimate provided important implications for gaining further support for a WRS. Second, utilizing
their WTU, it was estimated that students in College of Policy Science, including CRPS students and
all years, could save 45,191 plastic bottles and 10,846 kg of CO2 emissions every year. While the WTP
includes students who would support installing a WRS but not necessarily use it, the WTU tells us how
many students would use a WRS and can be used measure its environmental impacts by the number
of plastic bottles and CO2 emissions saved. It was interesting to find that there were students who
would be willing to support installing a WRS in WTP but were not willing to do use WRS measured in
WTU. Lastly, as we hypothesized, disseminating information about WRSs positively influenced WTP
and WTU.

There are several limitations of our study, which should be considered in future research.
The main limitation of our study is that we used self-reports from our survey to analyze respondents’
attitudes [37]. Empirical studies have revealed that the link between attitudes and environmental
behavior is not always clear or contradictory [3,4,64]. In particular, there could have been a significant
gap between attitudes and behavior if university students were asked to make radical changes, rather
than light changes (called “light green”) [65]. In our study, there are two primary gaps we should
expect: WTP vs actual donation, and WTU vs actual use of WRS. As discussed in previous sections,
WTP tends to be overstated. However, a smaller donation, such as a one-third donation as List and
Gallet [59] discussed, may not be a serious issue if the university could pay the upfront costs until
future first-year students could repay later. The gap between WTU and actual use of a WRS also
may not be significant. While in general pro-environmental behaviors mostly appeal to normative
goals and less so for hedonic and gain goals, WRS appeal to hedonic and gain goals as it is fun to
use and students would at no cost receive clean and healthy drinking water. As our study revealed,
the installation of a WRS corresponds with the strategies proposed in the IFEP. However, relying on
self-reports about their attitudes is certainly the biggest limitation of our study and further studies on
actual behavior should be looked into. The second limitation of our study is the representativeness of
our sample. The estimated aggregated WTP and WTU and its environmental impacts may be biased
because our sample did not include the CRPS students or students in upper-grades. We assumed that
other students’ WTP and WTU would be the same as the first-year students who participated in the
survey. However, it is possible for CRPS students, mostly international students, to have different
preferences. Upper-grade students could also have different preferences as they spent more time
on campus. The third limitation of our study was that it was not entirely comprehensive in that it
did not consider all the costs and benefits of a WRS. For example, there is a cost-benefit analysis
of implementing a ban on the sale of plastic water bottles and introducing WRSs on campus in the
U.S. [66]; the analysis showed that there is loss in revenue from sale of water bottles, while the
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environmental benefits measured in monetary value were limited. Therefore, when proposing the
installation of a WRS, such possible positive and negative aspects should be carefully considered.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/9/3074/
s1, SI1: Questionnaire, SI2: Summary statistics, SI3: Summary tables.
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Abstract: The University of Guayaquil, which shares the same name as the city where it is located,
faces the challenge of its image transformation for the 21st century. It was deemed necessary to
identify details about the urban evolution of the city over time, in relation to the changes produced
by the project’s site and its direct area of influence. The goal is to integrate the main university
campus within a framework which guarantees sustainability and allows innovation in the living lab.
To achieve this, the action research method was applied, focused on the community participation and
the logic framework. The proposal, the management model, and the integrated working groups were
organized with internal users such as professors, students, and university authorities, and external
actors such as residents, local business communities, Guayaquil city council, and its local mayor
and governor. As result of the diagnosis, six different analysis dimensions were established which
correspond to the new urban agenda for the future campus: compactness, inclusiveness, resilience,
sustainability, safety, and participation. As a proposal, the urban design integrates the analysis of
the dimensions whose financial support and execution are given by the municipality authorities that
integrates the campus with its network of community police headquarters.

Keywords: sustainability; university living lab; management model

1. Introduction

Urbanization and its areas belong to a set of worldwide, multiscale phenomena that are profoundly
altering the relationship between society and the environment, affecting green areas, sustainability,
and resilience in complex ways at alarming rates. In recent decades, sustainability, resilience,
and transformation have become key concepts aimed to answer an array of looming challenges
posed by urbanization and environmental change [1].

Guayaquil University (See Figure 1), is located in the city of Guayaquil in the Republic of Ecuador,
is the country’s biggest and oldest University. It is located in the north of the city in the Tarqui parish
inside Salvador Allende citadel, Malecon del Salado waterfront, and Delta and Kennedy Avenue.

Sustainability 2018, 10, 3695; doi:10.3390/su10103695 www.mdpi.com/journal/sustainability191
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Figure 1. Location of the Salvador Allende campus.

This university had passed through a foundational process that began in 1843, driven by the
aspiration of the residents to receive professional training in their hometown. After several attempts to
establish the university, the educative entity was finally defined in 1897. It was the first university in
Ecuador to welcome a new reform, initiated in 1918 at the National University of Córdoba (Argentina),
that first promoted undergraduate students, cogovernment, and the freedom of professorship. At the
end of the 19th century, it occupied an empty lot placed on Pedro Carbo Street (See Figure 2a), but it
moved to its current principal campus between 1949 and 1954 (See Figure 2b).

During its history, many characters of great transcendence in the political field and other areas
have been part of the university student body, as well as its teachers and governing body. Throughout
its existence, and as result of a misunderstood autonomy and the background of political instability in
the country, urban limitations were established; enclosures were built, causing a serious fragmentation
to the public university space and a detriment of the university community. An urban integration
proposal between Salvador Allende citadel and the rest of the city through the Delta Project, which
consists of a pedestrian circuit incorporating the public and natural spaces, recalls the pattern of
integration of the natural ecologic corridor which existed in Guayaquil in the 18th century, but which
gradually disappeared during the 19th century (See Figure 3a,b).
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Figure 2. Chronological data collection of Guayaquil [2]. (a) First university house of Guayaquil
University. Built during the period of Doctor Julian Coronel’s directorship. The workmanship was
charged to the architect Rocco Queirolo and was concluded in 1906. The property was declared to be
under Cultural National Patrimony on 26 February 1988; (b) The land was originally projected as a
Municipal Park in 1944. On the right, in 1946, it can be seen how the land use was changed for the
university citadel and municipality employees.

Figure 3. Chronological data collection of Guayaquil [2]. (a) View towards the downtown: old baths of
the estuary between 1862 and 1876, divided into two sections, the left one for women and the right one
for men; (b) View towards the downtown in 1935: Cinco de Junio Bridge and the American Park Spa
are highlighted.

The first phase of the project widens the sidewalk that borders the university campus, turning it
into a continuous corridor with green urban infrastructure connecting it with its adjacent spaces, a series
of sidewalks, and waterfront parks (Malecón del Salado waterfront park of Guayaquil University,
Guayarte Project, and the waterfront park of Catholic University Santiago de Guayaquil). Historically,
they have been kept disconnected (See Figure 4). In this way, the current perception of scattered
university buildings will shift to one of a unique and broad “integrated campus”, which is sustainable,
resilient, inclusive, safe, and participatory in consonance with the urban area of the city that shelters it.
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Figure 4. Chronological data collection of Guayaquil [2]. (a) Campus Salvador Allende, 1922;
(b) Campus Salvador Allende, 1958; (c) Campus Salvador Allende, 1979; (d) Authors’ elaboration of
the current situation of the Campus Salvador Allende, 2018.

According to the National Institute of Statistics and Census report (INEC), until 2012, Ecuador
had an average of 4.69 m2 of green area per inhabitant; the recommended minimum is 9 m2 per
inhabitant, up to an ideal of 15 m2 of green area per inhabitant. The city of Guayaquil is part of the
95% of Ecuadorian municipalities with a shortfall in green areas. The INEC, in its May 2012 report of
the VII population census and VI of housing, points out that Guayaquil has 1.12 m2 of green area per
inhabitant, far below the level recommended by the World Health Organization.

Green infrastructure is a unique combination of economic, social, and environmental goals and
benefits that requires an adaptable framework for planning, implementation, and evaluation [3] (See
Table 1).

Table 1. Green infrastructure types vary widely based on system goals and motivation [3].

Green Infrastructure Types and Goals

Infiltration Transportation
Natural
Systems

Stormwater
Reuse

Buildings Other

Permeable pavements Street
bumpouts

Increased tree
canopy Cisterns Green roofs Nonstructural

measures (policy)

Infiltration
planters/planter boxes

Permeable
pavements

Constructed
wetlands

Rainwater
harvesting Blue roofs Solar panels

Bioretention areas Traffic calming
Bioretention

Restoration of
wetlands Cisterns

Bioswales River estuary

Vegetated detention
strips

Planting in
abandoned lots
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Most cities recognize that operations and maintenance are important steps in the accomplishing
of their green infrastructure goals. Twenty-four cities have put in place a green infrastructure
plan; nineteen of them included specific measures for maintenance. These measures include:
providing resources for private landowners to maintain their green infrastructure, creating maintenance
teams, and forging agreements with local businesses and homeowners to keep green infrastructure.
Additionally, several cities require municipal agencies to inspect these green infrastructure projects on
private land [3].

The Salvador Allende campus of the university has parks and gardens where a great variety of
flora (fruit and timber trees, bushes, climbing plants, and palm and ornamental trees) are conserved
and maintained; these make the campus more attractive, although it does not have an integral plan or
management model of green areas that allows efficient planning and management for its maintenance
and conservation (See Table 2).

As a consequence of the segmentation of the public space and an evident nonplanned intervention
of the natural area and urban landscape limitations (See Figure 5), the idea emerged from the forums
and interinstitutional liaison required to present the project to the Town Hall for financial support
and execution.

Figure 5. Current situation. Copyright the authors. (a) The metal fence can be observed in the central
parterre; (b) Destruction of the trees to place a metallic post with a traffic light at the entry to the
University of Guayaquil is observable in the background.

A city system’s resilience in this sense is determined by its ability to persist and adapt to a new
environment; a city’s resilience reflects its ability to remain within given ecological thresholds, either in
the existing environment or in the new environment. Here, changes in resilience reflect the evolution
of a city system [4].
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The Delta Project was formulated as an applied research project and approved by the University
Council in 2017. It is integrated by research professors and students that belong to different academic
faculties, whose main objective is to carry out the urban architectonic study of a sustainable campus
for the University of Guayaquil; a living lab integrated with the public space, to be developed in two
phases (See Figure 6).

Figure 6. The first stage of the project is presented in this paper. See Appendix Figure A9.

2. Materials and Methods

The issues of sustainable resource management have been addressed in several international
forums, from the report on growth limits developed by the Rome Clubto the update of the same report
in 2012 [5], which in general terms, address the optimal management of resources in an environment
of finite resources of the planet, considering the correct administration and use of technology as part of
the way that could help humanity to survive in it.

2.1. General Sustainability Guide

2.1.1. Sustainable Development (SD) in University Education

Higher education is fundamentally key to a sustainable future; it has the necessary tools to develop
new ideas and an active society that participates in experimentation for sustainable living. Universities
have a moral obligation to work towards sustainable societies, focused on environmental degradation,
threats to society, production, and sustainable consumption for them and for future generations.
Leaders have the opportunity and responsibility to prepare professionals focused on interdisciplinary
collaboration and cooperation, with high values of conscience, knowledge, skills, and values, that help
to transform their places of work, society, and the place where they live, becoming responsible global
citizens. Higher Education Institutions (HEIs) [6] must work as a fully integrated community (See
Figure 7) that models social and biological sustainability in itself and in its interdependence with local,
regional, and global communities, where students learn from everything that surrounds them.

University communitive initiatives to promote SD, such as statements, letters, associations,
conferences, and so forth, could provide guidelines on how to integrate sustainability into the
university system. Collaboration with other universities, making SD an integral part of the institutional
framework, life experiences on campus, and “educating educators” are key elements that must be
systematically integrated into HEIs to provide learning and educational value, as well as a race of the
participants in the transition to the SD, thus guaranteeing the SD as the “gold thread” throughout the
university system [5].
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Figure 7. Higher education modeling sustainability as a fully integrated system [6].

2.1.2. How Can Universities Achieve Sustainable Development?

According to some authors [7], the sustainable universities should have the following
characteristics: a bidirectional, interactive, and student-centered learning process, with a strong
emphasis on critical thinking skills; a high degree of importance in conducting interdisciplinary and
scientific research; social orientation of problem solving in education and research, where students
are able to deal with the real problems and uncertainties associated with the future; creation of
networks that can take advantage of the varied experience throughout the campus to share resources
efficiently and meaningfully; and leadership vision responsibilities and rewards that promote the
change necessary for the long-term transformation of the university by responding to the changing
needs of society.

The strategies of seven universities around the world were compared [7] to identify the key aspects
of its transformation towards sustainability, the ideal characteristics of the sustainable university, and
the promoters and barriers in the transformation (See Table 3).

Three interactive dimensions (framework, level, and actors) were distinguished in this process of
change. The framework dimension (F) is related to intensive interactive changes in culture, institutional
structure, and technology (the means to meet the needs). The level dimension (L) describes the change
that is required. Finally, the dimension of actors (A) refers to people involved in the transformation
process. The lack of an incentive structure to promote changes at the individual level is mentioned as
the main barrier to overcome, and the presence of “connectors” with society, the existence of agencies
and coordination projects, and the availability of funds are presented as keys to the progress of
sustainability. A common feature is the declaration of transdisciplinary and interdisciplinary strategic
objectives (See Figure 8).

As a strategic objective, as well as establishing and supporting networks of experience within
universities, the establishment of connections with society is presented as a growing trend.
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Table 3. Internal and external barriers and promoters in the universities for the change towards
sustainability.

Barriers
Internal

Academic freedom: Individual decisions about the best way to achieve research and
education objectives; it is difficult for an administrator to propose changes and achieve
consensus among groups of teachers at any level.

Incentive structure: Lack of recognition and compensation to teachers and staff involved
in the transformation of the university.

Conservative administration. Lack of desire to change.

External
Pressure of the society: Lack of demand on the part of society, of the desired characteristics
of graduates, and research for their development.

Promoters

Internal

Champions: They are the innovators or defenders of sustainability, who can be important
agents for change. By failing to provide them with institutional support to fuel continuous
work, universities run the risk of losing their most valuable supporters.

Visionary Leadership: Leaders with appropriate assignments and responsibilities, who
promote cooperation and collaborative efforts instead of interunit competition.

Connectors: These are the networks or groups of interdisciplinary research people that
come through the university to include a critical mass of actors on the campus, who can
interact between departments or with society in general.

Size: The complexity of the organization (more than 10,000–12,000 students) can reduce
the possibility of rapid transformation.

Sustainability Coordination Unit: Its creation is important to keep the process of change
alive and distribute responsibility.

External

Pressure from similar institutions: Pressure from peer institutions or top-level universities
can serve as examples to promote change.

Sources of financing and availability of employment: External financing through
corporations or government agencies willing to pay for sustainability-oriented research,
and employers that require graduates with sustainability strengths.

Figure 8. Framework, level, and actors (FLA) approach: three dimensions of change interaction to
achieve sustainable development [8]. This figure shows the important interaction among the actors or
participants involved, the framework structure of the living lab, and the optimization of the project.

Interconnecting sustainable development as a concept, within and between different disciplines
and schools, adapted to its specific nature, could help universities move towards a more balanced,
synergistic, transdisciplinary, and holistic academic system, thus helping graduates contribute in better
ways to the development of more sustainable societies [9].

The School of Architecture has not been left out of the evolution towards a dependence on
nonrenewable energy resources; it has had a limited evolution due to not only the restrictive framework
of the survival of the traditional city, but also the technical elements that sustained it. The set of elements
that connects architecture to the territory, and especially with the city, have hindered its articulation in
the new productive system [10]. The material which the visible city is formed with has endowed this
transformation with inertia, but at the same time, as it has been continuously stressed to adapt. The new
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city, the new buildings, the new forms of production of materials, the changes in the organization,
and the end of the production process of architecture are decisively altering the traditional technical
systems to start a different architectural technology with an absolute redefinition of its conception.
At present, traditional materials such as stone, wood, or earth, which were examples of closed material
cycles, have altered their production systems. The traditional technical system [10] in architectural
technology is affected mainly by the transfer of production materials to the industry, aligning with the
work and fighting against the physical location of the architecture that limits this transfer.

Sustainability in the environmental building design is a key factor to address in response to the
limited availability of resources, ecological deterioration, and climate alteration. In order to respond
to the demands of the current market, a pedagogical methodology must be developed to overcome
existing educational and professional barriers and act as a communication platform that facilitates the
transfer of knowledge between the construction science related to sustainability and creative design in
the architectural curriculum [11].

Students should be encouraged to emphasize reflection and critical self-assessment and should be
able to balance the integrity of design and environmental responsibility, considering environmental
design as a basic, essential, and integrated requirement of the design exercise itself. A good
theoretical base is essential in teaching; however, it has to be supported by empirical knowledge
and evidence-based learning to understand how different principles can be applied in practice and by
analytical tools and simulation techniques that can facilitate the testing and comparison of different
hypotheses and make performance forecasts from the early stages of design. Skills such as concrete
experience, reflexive observation, abstract conceptualization, and active experimentation could help
the development of critical thinking, which together with interdisciplinary paradigms, are the basis of
education for sustainability [11].

The achievement of a “sustainable” curriculum truly oriented to design is still difficult to achieve,
due to the nature of the theme itself. Most of the time, design study projects are complex and
time-consuming such that students are not able to do it in a semester while reaching a level of mature
and deep analysis that includes awareness and integral implementation in the design of technical and
environmental mandates [12].

Cognitive discrepancies are not only related to students, but also to their study tutors, who
rarely master the technical aspects of environmental design, while academic staff teaching technical
subjects are often not associated with the study team design [13]. Architects generally employ a
solution-centered teaching strategy rather than a problem-centered design development approach,
where students focus more on achieving a desired result than on a critical investigation of the
complexity of the problem they face, favoring the acquisition of information and hindering the
development of critical thinking.

2.2. Living Labs as a New Method of Scientific Production in Higher Education

According to [13], the proposed framework is used to lead the development of a database in order
to collect key data about a Living Lab. It is designed to be a supportive instrument over the whole
lifetime of a Living Lab—from initial planning stages, through monitoring phases, through to its final
closure and reflection on the lessons learned. The seven categories for data collection cover all of the
different stages of the Living Lab and allow monitoring on whether outcomes and impacts set out in
the initial stages have been met, and how partnerships, participants, cocreators, and organizational
structures have evolved. The seven data collection categories are (See Figure 9):

• General: a summary of the Living Lab location, key contacts, status, timelines, and budget
• Scope: the problem being addressed, historical details to the problem, the context, and the key

sustainability ‘theme’ being addressed
• Participants and cocreators: different stakeholders and ways in which they are engaged
• Organization: leading organizations, partnerships, potential risks
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• Outcomes: anticipated (and actual) sustainability outcomes in relation to the problem being
addressed, as well as anticipated (and actual) educational, research, and engagement outcomes

• Impact: wider impacts outside of the Living Lab boundaries
• Reflection and review: evaluation of the living labs’ products and processes

Figure 9. Campus as a Living Lab Framework design with its seven categories, five potential values,
and three levels of detailing and application [13].

In this sense, we must promote horizontal systems to create a collective based on collaboration,
so that we must learn to collaborate, to promote the collective versus the individual, and to achieve
shared success and distributed merit. The development of transdisciplinary strategies is not only of
undoubted interest for contemporaneity, but also brings very interesting values to collective work.
When an excessively homogeneous community is created, it produces flat ideas. The article “Teaching
Sustainability through Living Labs in Architecture: The case study of the UPC-LOW3 prototype solar
house” bases its content on the LOW3 Living Lab, defining it as a project in execution, which aims
to innovate in education for sustainability through user-centered research and collaborative learning
within the university campus. The author indicates that specific disciplinary knowledge should be
taught by adopting a holistic, transdisciplinary approach to the environmental, economic, and social
aspects of sustainability. The analysis aims to leave its results and lessons learned as examples for
similar activities in other universities [14].

Dynamic networks could generate laboratories that investigate in a distributed and connected
way, going beyond the communication that technology facilitates. Not only should it be an organism
with different coordinated devices, but also we must reinvent the way we investigate, overcoming
separation and individualized concentration in order to seek unique and innovative results that exceed
the sum of the parts [15].

Collaboration is more beneficial and difficult to handle, since the speed at which it occurs makes
it impossible to control all the necessary dimensions. However, it is not enough to manage teams that
sectionalize information too much, but rather, it is necessary that the components work together as a
single body, so that the results benefit from an authentically collaborative process.

According to [16], “Innovative Models of Administration and Public Management: Towards the
Emergency of New Paradigms”, three basic characteristics of managerial processes are proposed.
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(....). Innovation in Public Administration is characterized by the publication of numerous works
in recent years (Maddock, 2009, Mulgan, 2009, Potts, 2009, Kohli and Mulgan, 2010, Moore and
Hartley, 2010). This is reflected in the concept of innovation in the public sector as well as the plurality
of existing “dispersed” approaches and the “polysemic and elusive” character (Ramírez-Alujas, 2012:
7), although it also notes a lack of empirical studies, such as consequence of “disciplinary myopia”
(Windrum, 2008). Other authors add elements related to the practices carried out by the organizations
in order to improve the product or service they provide, characterized by the ideas of Change (radical
change and impact), New (something new for the organization in question; it is not only a “good
idea”) (Audit Commission, 2007), but also refers to the introduction of a social dimension, adding that
innovation in the public sector and new ideas should be able to improve the operability of institutions
and raise the standard of living of a society. Transformational and direct innovation is linked to
changes in the structures of public management adding new ideas and practice of transparency,
accountability, citizen participation and optimal use of resources. Its empirical observation is a
complex task given the intermingled link between the values and their connection with the options
of a political nature (external order), as well as the existing power relations within the public
administration (internal order). In the external order, it manifests itself its relationship with the
citizens in the process of co-creation, co-formulation, co-evaluation of public policies being the central
element that distinguishes innovation from change in the impact of its process with the predominant
paradigm of the organization. Nowadays, a large part of these new ways of public management
involves the idea of Open Government. (Ramírez-Alujas, 2010, 2011)

Innovation in administrative processes (incremental innovation) usually originates in practice;
the implementation of the so-called “Best Practices 12” is not a new phenomenon, but has its origin in
two assumptions: on one hand, due to the innovative processes introduced in business management
and in organizations (models of motivation, personal development, achievement of objectives), and on
the other, as a consequence of citizens’ demands and the consequent crisis of legitimacy of the public
administration that manifested itself in and since the decade of the 1990s. Public administration
suffered a constant deterioration, in which the need to introduce good practices became an urgent
task. The proposals derived from the good practice have served to apply management proposals in
an experimental way, as has happened in various municipalities and higher education institutions in
Latin America.

Not all “new” approaches and trends are truly new or innovative. Some are merely applied
practice to solve very specific problems in the short term, derived from broader frameworks for
reformulating public management, such as adaptations of the New Public Management. These are
specific actions adapted to information and communication technologies (ICTs) and can support
the initiation of new models and forms of public and social management, whose possibilities and
doubts have already been exposed [17]. Mention must be made of the planning and management
actions and strategies aimed at the economic sphere, which, although they are not new models for
reformulating public administration in its entirety in a broad sense, are more practical, or less successful
and innovative, and that have been applied for some time successfully and that are limited to different
levels or specific fields of general and local public administration, such as the case of the Common
Assistancy Framework (cAF).

2.3. Operational Sustainability Guide

The complexity of the problems meant fac an enormous effort to redesign the existing processes,
discarding old methodologies and creating new systems that will make it possible to attain the new
objectives demanded for a contemporary environment. Therefore, new structures must be built so the
research can continue and be able to bring the future closer.

In this sense, the standardized and enclosed structures should be substituted for others which are
more flexible and open, favoring the evolution of individual work towards a collective effort. The Delta
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Project does not respond to classic research standards since the campus is a model of cumulative
results; there is no evidence of integral planning processes.

The inductive research process began by defining the pedestrian road system, with the collection
of traffic accident records along the Kennedy and Delta Avenues. It was necessary to know the streets’
geometric characteristics and the volume of the vehicular and pedestrian traffic that circulated along
Delta Avenue. Pedestrian traffic is distributed on both sidewalks, one of them adjacent to the university
and the other adjacent to the Bolivariana district, where most of the complementary services which are
required by the students, such as restaurants or stores selling stationary, are located. It is therefore
necessary to raise the activities’ plan and citadel’s soil usage in order to integrate it to the zone’s
functional dynamics.

On the other sides of the campus, the Guayaquil University is surrounded by a system of spaces
and natural estuaries with low or null accessibility. Even though the municipality has control over
the riversides, the works that have been implemented were not integrated into the students’ lives.
Pedestrian systems are not connected to the natural systems, which requires research to identify the
species that configure these natural and green areas of the campus and to know the projection for
pedestrian movement within a growth plan.

As indicated at the beginning, the physical planning process has been incremental and slow,
requiring an upgrade infrastructure which has taken more than 60 years. It was indispensable to know
or to evidence the planning system and the actions within the campus by various departments in
areas such as road tracing, soil usage, grouping of buildings parking lots, development areas, existent
necessities, future necessities, and so forth.

Another guiding aspect in the research process was the city’s planning system, adopted by the
local Town Hall. The municipal projects in the study zones were studied, especially the impacts of
Project Delta connected to the rest of the city, emphasizing the urban infrastructure such as roads,
parks, and others that are close to the university.

In order to address these tasks, it was necessary to connect these four big systems in a dynamic
way, requiring the adoption of a methodology that allows building fast and integrated knowledge,
(See Figure 10). Using research and formulating a collaborative investigation system in a living-lab
environment, thus granting a higher student participation as well as teacher participation. This lab
was shaped by students of different semesters, from the beginning to the tenth, whilst the professoriate
was comprised of the project director, general adviser, and some other experts.

The main concept was focused on the users (the students) emphasizing the thought of design
where the students learn and exchange their knowledge, developing new ways of working. They
develop new designs and new work mechanics, and they work together for the development of
their territory.

The interest which the project generated in the university allowed this methodology to be adopted,
with the selection of students with some expertise, as well as the configuration of expert groups of
teaching staff or external professionals that would communicate with each other during the dynamic
interdisciplinary forums.
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Figure 10. Applied methodological structure.

2.4. The Collaborative Research System in a Living-Lab Environment Needs to Be Developed in Four
Well-Defined Process Protocols

The Standardized Physical Planning Protocols, The knowledge integration protocols,
The Professionalization and the management of the project (See Figure 11).

Figure 11. The collaborative research system in a living lab. Copyright the authors.
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2.4.1. The Standardized Physical Planning Protocols

The Standardized Physical Planning Protocols must be addressed to a big number of simultaneous
processes, unlike the approach of Delta Project, that emphasizes an inductive system, beginning from
the flow system (or, rather, the pedestrian-road system), then a system of natural spaces and estuary,
so they could finally mix together with the physical planning system and the city’s planning system.

The most general tools for this kind of project were the Urban Regulations of Public Spaces
(which were developed by Jan Gehl), the Municipal Urban Regulations, the Ordinance of the Land Use
Plan, the Traffic Rules, the Territorial Arrangement Planning’s annexes 5a and 5b, and the AASHTO
standards; there were even reviewed pedestrian simulators such as SIMULEX, PED go, Legion, Exodos,
Gridflow, but in the end, it was concluded to use the VISSIM Simulator, polls, ecosystem nomenclature,
especially the link between social and natural sciences of Eugene P. Odum, and the EPA’s Handbook
of Urban Runoff Pollution Prevention and Control Planning.

In the physical planning area, the project had several technological tools that allowed researchers
to obtain first-hand onsite information using a drone.

2.4.2. The Knowledge Integration Protocols

The knowledge integration protocols allowed students in the lab to integrate different types of
knowledge simultaneously in one place, while the professors’ forums enabled the students to integrate
this knowledge while they worked, differentiating from the academic speech which usually proposes
a pyramidal classes’ system in the different classrooms.

The protocols used required a mapping of possible knowledge blocks that the project should
support, from the blocks of STEM (Science, Technology, Engineering, and Mathematics) to the blocks
of Humanities. This combination would allow a quick resolution of problems.

The first protocol defines the modality of student participation. The time used in the project was
considered as part of the preprofessional work experience which all undergraduate students must
complete. The student tasks were divided into different activities, which allowed the project to be
divided into parts, from the identification of the problem, the establishment of solution paradigms,
the formulation of concepts to solve the problem, and the updating of knowledge about the project,
to the implementation of a work method for the coupling of the software that the project would use;
then, each student was responsible for a development block, which was then submitted to the integral
refining committee. The participation of the students in the project was from different faculties.

2.4.3. Professionalization

Professionalization is another essential protocol which enables a person to become sufficiently
academically knowledgeable, practical, skillful, and competent to be able to perform a paid job
(self-employed or employed by others). These protocols will allow the design standards demanded
by the professors to be comparable to those required in the professional market. The professors
who joined the laboratory had extensive professional training, having carried out many professional
projects, and this would guarantee that the students would integrate high design standards in the
proposal, which would make a big difference with teachers who did not have professional experience.

The most relevant protocols were created by professionals in specialized forums and
interdisciplinary forums. Counting with the participation of students, the key forums considered
software, public space, ecology, green areas, transit and transport, art, budget, infrastructure, networks,
and facilities. The practical action of the professionals in the design allowed the students to find
answers with high standards. The forums could be done inside or outside the university; for instance,
the Faculties of Mathematics and Agricultural Sciences, botanical garden, the planning department
of the university, the paving stone companies, and so forth have created and participated actively in
different forums, getting great results.
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2.4.4. The Management of the Project

The management of the project is the last protocol proposed, that began with discussions in
the different governmental levels of the university: the students, the community, the press, the city,
the region, and the country. Through that management, principal agents were identified that would
achieve the required level of feasibility for the project’s execution; the project was never considered
as an academic project from the outset, as its main objective was to be deemed sufficiently viable to
be implemented.

The main proposed tools included:

• The consultation and student community agreements process with local residents and businesses
• Press briefings
• Presentation of the project to several authorities, especially to those of the Town Hall
• Presentation of the project in international conferences and workshops to coordinate collaboration

with universities and other partners.

3. Results

3.1. Physical Planning

The project was concluded with the urban proposal, the road proposal, the pedestrian proposal,
the proposal of the taxonomy of the trees, the proposal of lights, and the proposal of higher steps and
level (See Table 4). These proposals were based on multipurpose surveys, vehicular and pedestrian
traffic counts, national and international technical standards, INEN, American Association of State
Highway and Transportation Officials, streets and roads manual of the public works ministry, and the
Ecuadorian construction code.

Table 4. Contribution of public space for the Delta Project at Salvador Allende campus, University
of Guayaquil.

Items
Faculty of

Architecture

Faculties of
Administration and

Medicine

Faculty of
Dentistry

Total Measure

Existing trees 26 22 8 56 Units
Proposed trees 27 61 12 100 Units

Green area proposal 1460.10 m2 990.87 m2 294.15 m2 2735.12 m2 m2

Paving stones 4565.73 m2 4137.37 m2 1152 m2 9855.10 m2 m2

Individual Park Furniture - 9 × (module of 4 U) - 36 Units
Multiple Park Furniture - 8 × (module of 12 U) - 96 Units

Bus furniture - 6 - 6 Units
Bikeway - - - 555.23 m meters

Current enclosing meters 180.24 m 272.57 m 134.50 m 587.31 m meters
Reform of the closing meters

with the Delta Project 88.48 m 149.47 m 20.39 m 258.84 m meters

A sample of the relevant section of the results is provided in Appendix Figure A1.

3.2. Integration of Knowledge

The preprofessional work experience played an important role; it is a binary indicator because it
allows to measure the degree of effectiveness and participation of the students in the project; besides,
it measures the collective participation in the resolution of the problems. Last reports or records of
group and individual tasks were used to conclude that they were fulfilled to a level of 80%.

Participants reached 80% of the learning goal, mainly through simultaneous knowledge (learning
from different fields simultaneously). This analysis considers the teaching staff who formed part of the
study, working in the multiple fields previously identified.

A sample of the relevant section of the results is provided in Appendix Figure A2.
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3.3. Professionalisation

Twenty-five forums were organized with the participation of 32 professionals from 7 specialized
fields: technological, agricultural, ecological, urban, road, transit and transport, and pedestrian. Twelve
interdisciplinary forums were completed. A sample of the relevant section of the results is provided in
Appendix Figure A3.

3.4. Project Management

In this field, the participation with different parties was carried out through meetings with local
business community and students, calls, and surveys, which were evidenced by photos and videos
(see Appendix Figure A4).

The project “Think & Eat Green @ School” is an example of participative management, involving
schools and educational institutions, and by extension, the food system of the City of Vancouver.
The project creates an experience of collaborative learning amongst stakeholders, university students
and scholars, and health and educational institutions to a network of community-based and
community-supported nonprofit organizations working on food and environment, linking farms
to schools, city dwellers with farmers, and school cooks with successful green chefs, as well as
creating links between restauranteurs, restaurant designers, gardeners, school authorities, teachers,
and students [18].

The meetings with the university authorities were evidenced by photos and videos, concluding
in the approval of the project by the University Council, having held meetings with the rector of the
University of Guayaquil and deanships of each faculty regarding financial management, management
of university works, direction of art and culture, and direction of green areas (see Appendix Figure A5).

The meetings with the Guayas Government were evidenced by photos and videos; the Project
and the security problems were presented and exposed to its community, along with the need to create
a sustainable campus, concluding in the assignment of a mobile community police unit. Now, the
police elements are transported by bicycle inside the university campus (see Appendix Figure A6).

The meetings with the municipality were also evidenced by photos and videos, concluding in the
allocation of the budget for the work, having held meetings with the local mayor, “Malecón 2000” and
“Siglo 21” foundations, and the municipal transit authority (ATM) (see Appendix Figure A7).

The socialization and validation of the project in international events was undertaken to collect
feedback and establish joint collaborations. In this case, the Delta Project was taken into account for
the main conference in the workstation modality, also including the presentation of the poster on a
technological park for the University of Guayaquil. A sample of the relevant section of the results is
provided in Appendix Figure A8.

The press plays an important role, starting from an independent management and leading to the
dissemination of the project in a massive way to public opinion that allows the empowerment and
commitment of the actors involved in the project: the ones that finance, the ones that propose, the ones
that study, and the users to whom the project was destined.

The press agents are the external equivalents who share and contrast information by taking
statements from those involved, thus being an important link in interinstitutional coordination. At the
same time, the population becomes aware of the results and benefits provided by the project.

4. Discussion

The broad objective of this project is to show that the School of Architecture aims to implement a
strategy for the management of public space based on the use of four dynamic systems that interact,
evaluate, minimize, project, and make feasible urban solutions. These are the physical planning system,
knowledge integration system, professionalization system, and management system.

From the field of urban design, its response has been achieved to overcome the difficulties posed
by traditional urban design standards, in terms of the revitalization of deteriorated urban areas, which
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has overcome the way of addressing the issues of urban revitalization. In the past, this was always
oriented to physical planning from an academic dimension, and away from the profession. It can be
said that public space was elusive for university pedestrians; existing pedestrian areas represented
environmental risks, which were evaluated and minimized by implementing the strategy [19].

In general, the strategy consists of using new tools, which allows them to be joined, since in the
academic field, they are used in an isolated and dispersed way. The only way to connect them was to
use a new tool called the “living lab”, a live operations laboratory, configured for students in different
stages of their degree program who require professional internships. The production achieved in
record time would not have been possible without the design of this living lab concept developed for
the Delta Project.

The physical planning system, in general terms, is responsible for the design as well as the
financial and regulatory variables. The system of integration of knowledge was responsible for
adopting a scheme of knowledge clusters in situ; a different environment to that promulgated by
the routine academic meshes. The variables of this system were shaped by the variables of fields
of knowledge that were taught through of instructions of blocks of tasks. The professionalization
system had an important impact, so much that it was introduced to the professionals and specialists
in the evaluation processes, to minimize, project, and make the solutions viable. The variables of
this system were established to implement the highest standards used in the professional market,
suggested by the specialists, and configured by the variables of fields of knowledge with standards
of design, programming, and costs. Many of the specialists who were part of the project were not
necessarily academics. The management system was required for the implementation of actions for
the resolution of the components, the processes, the availability of resources, the coordination of
activities, the project to materialize, and the configuration of the variables of the student component,
professionals, managers of the university, executives of the municipality, the community, the press, etc.

Other ways can be indicated to show that the systems adopted have allowed the necessary results
to be achieved and the four levels of the process to be integrated: the associations of the affected or
public actors for the public sector for public spaces, the integration of knowledge for professional
practices, and the design strategies that are applied in the Delta Project area. All measures include
aspects of the development and implementation of a sustainable approach.

The general approach that was adopted began with the integration of four key priority evaluations:

• Establishment of priorities based on the current risks presented by the current pedestrian
conditions of university students;

• The natural conditions of public spaces;
• The direct participation of the actors;
• The design of the solution: to comply with all requirements in a sustainable manner, including

environmental effects, space and available facilities, local perceptions, and other problems.

Subsequently, the second phase of the project will be implemented within the campus. Given that
the river estuary (the Estero Salado) borders the campus to the west, a susceptibility analysis must be
carried out.

Assessment of landslide susceptibility in urban areas could provide an important contribution to
minimizing damage from natural disasters; it could be also used for planning and multiple hazard
assessment [20].

It is therefore advisable, within the studies to be carried out in the field, to collect data on
geological antecedents of the region. In the knowledge of the types of soil in the study sector, a
thorough investigation should be organized to verify the incidence of this phenomenon in the premises
where it will be built.

The karst collapse susceptibility map provides valuable information for land use planning at a
regional scale, leading to the recognition and determination of the safe and nonsafe areas for urban
development [21].
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The susceptibility map can be used by the local authorities to guide the adoption of policies and
strategies aiming towards sustainable urban development [21].

This work can contribute enormously to five essential aspects:

a. Increasing the public spaces of the city [22], since the local municipality lacks a policy of public
spaces [23], a situation that is not foreseen in the land use plans, nor is it a component articulated
in the Organic Code of Land Use.

b. Public spaces such as pedestrian areas are not registered in the Organic Law of Land Transport,
Traffic and Road Safety, and are only in a very indirect way mentioned in articles 4 and 9 of the
said law, when there must be a whole chapter dedicated to pedestrian areas and their relationship
with the road system [24].

c. According to the results achieved, presenting a new way of teaching architecture and urban
design [25], which goes beyond the traditional and routine education of the current mesh of
subjects [26], so it would be advisable to reform the academic regime regulations established by
the Council of Higher Education (CES), allowing an education of blocks of subjects in a design
laboratory, which must be discussed in the Organic Law of Higher Education [27].

d. From the environmental point of view, urban ecological corridors are not part of the classification
system for a healthy environment; regulations such as Book IX of the Unified Text of Secondary
Legislation and other standards are only devoted to quality control of the resource, so that
urban ecological corridors can be part of the environmental planning system, as elements that
improve the life and health of people in cities, and these planning systems can be included in
the environmental planning of cities [28].

e. It is necessary to emphasize that the sustainable development of the work was only reached
when two institutions were intercepted to optimize the resources in the same project that benefits
both the municipality and University of Guayaquil.

5. Conclusions

Creating sustainable and resilient urban relationships with the environment will entail a
reimagining of those relationships. That reimagining will require that we improve our understanding
of the dynamics of urban relationships with the environment across space and time. However, just as
importantly, we must better understand our relationships with each other within and across domains
of time, space, economics, and human organization [1].

The ecological corridor of the Delta Project is an urban rehabilitation project and its adequacy
has depended on three key factors: the academic approach, the professional approach, and with a
significant amount of urban management. The proposal consisted in proposing a corridor of public
space for pedestrians, imitating the ecological corridors of the adjoining estuary with a participative
environmental management. Agreements and alliances have been relevant to sustain conservation
actions. The meetings and negotiations with public and private organizations, local communities,
students, residents, merchants, research centers, botanical centers, universities, schools, owners,
and authorities allowed to generate consensus about the importance of imitating the ecological
corridor of the estuary around all the university campus, forming a circuit in the manner of a linear
park endowed with walkways, native wooded areas, squares, bus stations, cycle tracks, and so forth.

The interactive work with the municipality, with the students, and with the local business
community deepened the relationship needed to develop a pedestrian corridor that the university
does not have, guaranteeing the right to public spaces and serving for the distribution of the student
population to the internal and external areas of the university, in addition to ensuring the protection of
biodiversity. For this purpose, surveys and technical and administrative consultations were carried out.

The limitations of the participatory approach were given as follows: Sporadic student attendance
due to the time limit: this could be solved by the implementation of 240 h of preprofessional practice
that must be approved to obtain the title of “professional”; Limited attendance of the investigators
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attached to the project, due to the absence of common schedules and the time allocated for investigation,
which could not be greater than 7 h per week in the case of the director and a maximum of 5 h for the
other members of the Project. To resolve the situation, the administrative and financial management
was requested to support a full-time researcher for the purpose of coordinating progress with the
students and consolidating the information that is produced daily in the space destined as a workshop.
As a project whose financing and construction is provided by the Municipality of Guayaquil, it was
presented for the second time to the higher academic college for approval of the initiation of the
interinstitutional agreement with the municipality. Although there were no criteria against the project,
a political variable appeared in this space, resulting in the voting support of the members who support
the current administration and the abstention of the other members. As for the coordination with
the Municipality of Guayaquil, since it was presented, the project was approved and supported by
the mayor, who ordered the coordination of the project with the foundations 21st century, Malecón
2000, the Director of Public Works, and the Municipal Transit Authority. On the way, there were
found different viewpoints with the Municipal Transit Authority; in our case, the project focused on
pedestrians, and sustainable mobility had to be supported by a mobility policy that favors the vehicle.
In this case, the mayor and the foundations were supported by the benefits of the project to generate a
sustainable development model, and it was finally approved.

The results obtained pointed to several fronts:
On the academic front, a different approach to the teaching of urbanism is proposed through the

living labs, which integrate knowledge in a group of subjects and not in isolation, as stated in the
current curricular meshes of Ecuador; in the same way, this form of teaching and learning could well
be applied to research and degree projects; such a recommendation affects the reform of the Academic
Regime Regulation (RRA) proposed by the Council of Higher Education of Ecuador. This would imply
a substantial reform in the form and substance of the presentation of the curricular meshes. Clusters
of comprehensive knowledge fields were included, from the use of basic software to draw and make
vehicle traffic counts, to the use of specialized software for the simulation of pedestrian and vehicular
traffic, as well as climate simulators, the use of drones for planning and photography in real time,
plant taxonomy, reforestation practices, artistic guidelines, budgets, soil studies, site visits, population
needs, and so forth.

From the urbanistic point of view, it is concluded that the municipality could adopt a second front.
In a systematic way, the criteria of an integral pedestrian corridor for the development of public spaces
in the form of an ordinance will be considered strategic within the units of the land use plan, given
that it corresponds to existing facilities at the time of execution—in particular, the characterization
of the nearby natural resources—and therefore, is considered as a component of the landscape of the
project area. These resources should be promoted and connected throughout the city, thus revitalizing
and integrating the urban landscape, rather than simply paving cobblestones without providing space
for the flourishing of life, as has occurred in the past [29].

Such policy takes advantage of the existing infrastructure invested in the city, raising the quality
of public spaces and the surplus value of urban sectors. The characteristics of the urban perspective
incorporate with great relevance the zones of reforestation and conservation; these enabled researchers
to determine that the passive techniques of recovery are the best alternatives for the increase of the
biomass and the conservation of the environments influenced by mangroves or mountain ranges.
The area of study is very close to the mangrove and mountain areas that were exploited as quarries in
the past. The zoning merits a special emphasis to be placed on the management of soil, planting of
native species, erosion control (trenches), and monitoring of plantations. The infrastructure for
conservation stands out. Support infrastructure was implemented, such as a network of trails,
recreational sectors, overnight accommodation, recreational activities, cycling trails, tourist trails,
and educational and research areas, in this environment of mangrove ecological corridors.

From the relationship point of view, the Town Hall must perform the intervention for the recovery
of public spaces, a policy that cannot be explicitly seen in municipal policies, nor in land use plans or in
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the partial plans, to such an extent that the public spaces in the city of Guayaquil are meagre; they do
not reach 3000 m2, and neither the sidewalks nor the parks are included here. In this regard, it should
be noted that the Delta Project contributes 22,754.54 m2, seven times more than that contributed by the
local municipality [30].

Finally, this methodology should be incorporated into territorial planning plans and into other
planning instruments, especially the management and participation system. The city of Guayaquil
requires an administrative mechanism that takes charge of the planning, organization, direction,
and control of the area, and that includes political support, interinstitutional and intersectoral
coordination, and the participation of owners and the community in the integral corridor projects [31].

Many of the urban interventions, such as Puerto Liza, Estero Mogollón, and Estero Salado, were
not conceived for the continuity of the concept of the ecological corridor, which could well serve
as forms of education and preservation of natural resources; on the contrary, they covered them
with fillers.

The project took eleven months to be developed; 30% of the time was used for the initial phase:
that of preparation and forums. The project was developed in a short time using this collaborative
system; in this sense, the living lab methodology fulfilled its mission: to achieve academic and
professional results with a large input of management.

The vision described in this paper was presented to the International Sustainable Campus
Network in Stockholm and the discussions conducted there with experts from different universities
and associated fields generated the determination of the University of Guayaquil to establish a model
of development and gain accreditation as a living lab, setting an example for other cities in the world
with similar aspirations. The full implementation of this project will enhance the experience of many
different users who study, work, visit, or reside and work within the area of influence of this urban
campus of the largest public university in Ecuador.
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Appendix A

Figure A1. First stage of the Delta Project and its context area. Proposed situation: Copyright
the authors.

Figure A2. Working process. Own elaboration. Students participating in the project; faculty of
architecture and urbanism, August 2017.
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Figure A3. Working process. Own elaboration. Participation of authorities and technicians of the
Municipal Transit Authority (ATM).

Figure A4. Working process. Own elaboration. (a) Participation of the leaders of residents of the
Bolivarian district in the construction of public space. Faculty of architecture and urbanism, August
2017; (b) Participation of students and professors from various faculties, as well as external building
experts for the Delta Project.

Figure A5. Working process. Own elaboration. (a) Construction and briefing of the Delta Project with
the Vice-Rector for Research; (b) construction and briefing of the Delta Project with the members of the
university council.
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Figure A6. Working process. Own elaboration. (a) Delivery of urban and architectural studies of the
Delta Project by the rector of the University of Guayaquil to the governor of Guayas, Francisco Cevallos.
Governorate of Guayas, August 2017; (b) April, 2018: Inauguration of the Security Plan in the Salvador
Allende Campus.

Figure A7. Working process. Own elaboration. (a) Delivery of the urban and architectural studies
of the Delta Project by the rector of the University of Guayaquil to the city mayor, Jaime Nebot
Saadi; Guayaquil Town Hall, August 2017; (b) Definition of commitments and sharing by the project
director, the architect Héctor Hugo, to the mayor of the city of Guayaquil and the managers of the
municipal foundations.

Figure A8. Working process. Own elaboration. (a) Guayaquil University, speaker at workstations; (b)
participation of the Delta Project at a workshop about living labs, led by Julie Newman, Ph.D. of MIT.
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Figure A9. Schedule of activities developed in Phase 1 of the Delta Project.
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Abstract: PAR-based UREs are undergraduate research experiences (UREs)—built into
university-community partnerships—that apply principles of participatory action research (PAR)
towards addressing community-defined challenges. In this paper, we advance PAR-based UREs as an
action-oriented framework through which higher education institutions can simultaneously enact and
advance the United Nations sustainable development agenda, while cultivating student development.
We draw upon interdisciplinary scholarship on sustainable development and PAR, as well as empirical
findings from a pilot program, to accomplish dual goals. First, through the lens of six Sustainable
Development Goal (SDG) clusters, we explore the synergies between undergraduate PAR engagement
and sustainable development, explaining how PAR-based UREs can prefigure and facilitate
SDG achievement by promoting cross-sector collaboration and supporting diverse stakeholder
engagement through community-driven research and action. Second, within each SDG cluster, we
offer complementary reflections and recommendations around the design and implementation of
PAR-based UREs towards advancing students’ skills and abilities as: (1) Community Collaborators
(and Learners); (2) Community-Engaged Researchers; (3) (Interdisciplinary) Scholars; (4) Agents of
Change; (5) (Sustainable) Co-Innovators; and (6) Institutional Representatives. Finally, we discuss
the critical role of higher education institutions in minimizing structural barriers to PAR-based URE
implementation, given their prefigurative and practical potential for both SDG achievement and
student development.

Keywords: community partnership; higher education; participatory action research; prefigurative
politics; sustainability; undergraduate

1. Introduction

In 2015, the United Nations (UN) General Assembly unanimously adopted a resolution outlining
17 Sustainable Development Goals (SDGs), which together set an ambitious, fifteen-year agenda to
mobilize countries around the globe to promote human flourishing, while “protecting the planet” [1,2].
Encompassing social, environmental, and economic dimensions, the SDGs envision a world that is “free
from hunger, injustice and absolute poverty”, offers “universal education, health and employment”,
and fosters “inclusive economic growth, based on transparency, dignity and equity” [3] (p. 1)—all
within fixed and finite planetary boundaries—by 2030 [4,5]. Given the breadth of the issues addressed
by the SDGs, combined with its urgent timeframe, there exists a critical need for concrete, actionable
ways to realize the vision of this transformative agenda.
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In this manuscript, we emphasize the role of higher education institutions (HEIs) in
simultaneously prefiguring sustainability—or modeling its conditions in the present—while facilitating
SDG achievement and key forms of student development through community-engaged research
practices [6,7]. Not only are HEIs hubs for innovation, creativity, and collaboration towards
addressing the world’s most pressing challenges, they are embedded within communities whose
diverse histories, geographies, and members offer infinite opportunities for partnership, research, and
action towards improving the well-being of people and planet [8]. Scholars across disciplines agree
that achieving the SDGs will require moving beyond ‘business as usual’ (i.e., routine) procedures,
and they emphasize the transformative potential of strategic partnerships across sectors [9,10].
Indeed, prioritizing partnerships is itself written into the SDGs as the final and only goal dedicated
entirely to means of SDG implementation [1]. Energized by this bridge-building momentum,
this paper examines the prefigurative and practical dimensions of PAR-based UREs, which are
undergraduate research experiences (UREs)—built into university-community partnerships—that
apply the principles of participatory action research (PAR) towards addressing community-defined
challenges. In particular, we explore PAR-based UREs as a vehicle for SDG implementation through
HEIs and offer recommendations for student development based on our own past findings related to
the PAR-based URE framework [11].

Participatory action research is a collaborative approach to research, education, and action [12] that
brings researchers and participants together to identify, examine, and address problems in community
settings [13]. PAR challenges traditional hierarchies between researchers and participants by engaging
participants as full collaborators in all aspects of the process—from defining the scope and design of
the research to implementing solutions [14,15]. As such, PAR emphasizes democratic engagement,
full-cycle collaboration, and social justice [16]. The goal of PAR is to “mobilize everyday people for
change” through collaborative research and action [16] (p. 172).

The omnibus term “undergraduate research experiences” refers to varied high-impact models
that engage students in authentic research with the goal of enhancing learning. Most UREs also aim
to: (1) Assimilate students into science, technology, engineering and mathematics (STEM) cultures;
(2) increase and diversify participation in STEM fields; and (3) enhance interdisciplinary knowledge
and practice [17]. URE models range from year-long apprenticeships to summer internships and
more recently have come to include course-based authentic research [17]. Traditionally, most UREs
have been laboratory- or field-based, with a focus primarily on STEM topics; others have included
interdisciplinary research that bridges STEM and the social sciences. Although the particulars of
URE programs and their impacts may vary, extensive evidence suggests that UREs often serve
to strengthen student outcomes such as knowledge and skills acquisition [18,19], communication
abilities [20–22], and persistence in STEM [18,23,24]. As such, UREs are an established and
highly-regarded mechanism for supporting the development of undergraduate students in STEM
fields. However, programmatic UREs remain far less established in interdisciplinary contexts and
among community-engaged researchers.

In this paper, we describe the integration of these frameworks (i.e., PAR and UREs) through the
concept and practice PAR-based UREs, which apply PAR methods in collaboration with communities,
while deliberately and meaningfully involving undergraduate students in authentic research. We argue
that PAR-based UREs hold great promise as an action-oriented framework for enacting and advancing
the SDG agenda by promoting cross-sector collaboration, developing interdisciplinary scholars and
engaged citizens, and supporting diverse stakeholder engagement through community-driven research
and action.

In the sections that follow, we explore PAR-based UREs through the lens of prefiguration.
Specifically, we describe how PAR-based UREs may advance the role of HEIs in contributing to the
SDG agenda through prefigurative research practices. Prefiguration is a term increasingly prevalent
in social movements scholarship that refers to imagining and enacting alternative modes of being
and interacting in the world that reflect—and, in so doing, bring into being—the desired social
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transformations of a group [6]. Prefigurative action is guided by the principle of ‘means-ends
consistency,’ which emphasizes that the ultimate goals of a group must fundamentally shape the
methods it employs (e.g., peace through nonviolence). Prefiguration further refers to exemplifying
change in the ‘here and now,’ towards gradually building a “new world in the shell of the old” [25]
(p. 108). As such, prefigurative research methodologies seek to collaboratively facilitate the design and
implementation of viable alternatives to the unjust and unsustainable status quo [6] through ongoing
research practices “concerned with the enacting of hope and desire in the present moment, rather than
with the establishment of ideal future blueprints” [7] (p. 38). Just as the SDG agenda is aspirational—or
future-oriented—yet demands action in the present, so too is the nature of prefiguration in PAR.
Through non-hierarchical research relationships and democratic engagement, PAR simultaneously
envisions and enacts counter-hegemonic modes of inquiry and community-driven action that blur the
boundaries between process and goal [26]. Put simply, prefiguring sustainability through PAR-based
UREs means instantiating a sustainable future now.

This is the third and final paper in a series exploring the concept, theory, and practice of
PAR-based UREs. The first was an empirical research article, introducing the PAR-based URE
approach and exploring its transformative impact on students and communities [11]. The second
was a theoretical article reviewing ‘typical’ PAR and URE approaches, exploring the synergies and
opportunities of their integration, and advocating a coordinated approach to accommodate their
divergent dimensions [27] (under review). Having laid the groundwork for the present discussion, here
we discuss the prefigurative and practical dimensions of PAR-based UREs in the context of the SDG
agenda. Additionally, drawing on analyses of a PAR-based URE pilot program (described below), we
offer a related set of reflections and recommendations for HEIs around the design and implementation
of PAR-based UREs for key student development outcomes. In this, we respond to Newman’s call
for broader examination and exchange of “applicable lessons learned and models of service learning
pedagogy” [28] (p. 18) in the area of student education and engagement in sustainability.

2. Pilot PAR-Based URE Study

The first published manuscript in this series was an empirical study [11] exploring students’
experiences (i.e., perceived impacts) of a PAR-based URE pilot program that was developed as a
voluntary second-year experience augmenting a traditional STEM lab-based URE. In this section,
we briefly describe the pilot program (i.e., design, implementation, impacts) in order to provide
adequate context for our subsequent discussion situating PAR-based UREs within the context of the
SDG agenda. A more in-depth description and discussion of these aspects can be found in the first
published manuscript in this series [11].

2.1. PAR-Based URE Program

The pilot PAR-based URE program took place over a nine-week summer period in 2012 with two
historically marginalized, indigenous Southern Louisiana communities. Students were selected based
on their prior participation in the lab-based URE associated with this pilot program, as well as an
expressed interest in community-based research. During the PAR-based URE, two female, African
American undergraduate students—one with a background in Meteorology and the other in Sociology
and Anthropology—lived, socialized, and worked in these communities as they collaborated with
community members on designing and implementing action-oriented research projects identified by
the community as important (e.g., the creation of a land loss awareness mobile phone application).

The two communities were identified through an existing partnership between a
community-based social scientist in the region and a climate scientist in the Mountain West U.S.,
as both communities were experiencing dramatic geomorphologic changes due to industrialization
and urbanization that were then (as today) devastating the land-based livelihoods of local indigenous
populations [29]. Members of these communities expressed a desire to enhance their own ability
to advocate for state and local services by conducting research. The PAR-based URE developed
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organically around this identified need, as well as existing relationships between the community
members and the local social scientist, the social scientist and the climate scientist, and the climate
scientist and a qualitative research methodologist. All these partners served as mentors to the two
undergraduate students throughout the nine-week PAR-based URE, although each had a unique role
as content expert or community liaison, and sometimes both.

With support from their mentors, students spent the first two weeks of the program in the
communities: (1) Establishing relationships with key community members (who held traditional
ecological knowledge of the region); (2) meeting with local scientists (who held Western science
knowledge on the climate change-fueled land loss experienced in the region); and (3) studying
PAR methodology. The level of dedication to the program required for, and displayed by, the
students during this time cannot be overstated; they spent a great deal of time traveling within
the communities, participating in social events (e.g., community members’ family dinners), learning
about the communities’ histories and cultures, and getting to know more about different community
members as individuals. During the third week of the program, after students had begun to build
relationships and establish trust within each community, research questions and approaches were
co-developed by the community members and the students. The remaining weeks of the PAR-based
URE were spent collaboratively conducting the planned research.

2.2. Study Methods

To examine the impacts of the PAR-based URE, our data collection and analysis methods closely
followed the interpretive phenomenological analysis process, which seeks to explore a phenomenon both
ideographically, as well as collectively [30]. We conducted three (i.e., prior to, immediately following,
and six months after the experience) in-depth, semi-structured interviews with each of the two students.
The specific focus of each interview varied based on its timing, but each explored the perceptions
and experiences of the students in relation to their academic, professional, and personal development.
General interview questions within these categories were predetermined, but the interview process
was kept flexible and open to further follow-up and exploration of previously unidentified avenues
of discussion. For example, students were asked, “How have you used what you’ve learned from the
[URE]?” but because each student answered this question differently, follow-up questions and specific
interview topics were unique to each interviewee, while remaining tied to the program.

Each author read and reread the interview transcripts, making notes about interesting
or significant statements and discourse structure. From these notes, we developed inductive
first-order labels and then second-order categories capturing patterns we each observed in the data.
After analyzing the interviews individually, all authors met to compare our independent interpretations
with the intent of establishing a stable set of emergent themes. We then engaged in an iterative process
with the two undergraduate students, during which they reviewed our written interpretations for
accuracy and provided clarity. In response, and in conversation with the students, we reconciled
areas where our interpretations and the students’ perceptions diverged. Once emergent themes were
agreed upon, we identified connections between themes as well as convergences and divergences
in the participants’ experiences. We draw upon these analyses as we describe PAR-based UREs in
relation to the UN sustainable development agenda.

3. Sustainable Development Goals and PAR-Based UREs

Given the immense—and some would say contradictory—mission of sustainable development,
definitions of the term are inevitably varied and contested [31,32]. However, an often quoted definition
of sustainable development has its origins in the Brundtland Report, also known as “Our Common
Future”, which describes sustainable development as that which “meets the needs of the present
generation without compromising the ability of future generations to meet their own needs” [33]
(p. 8). The 17 SDGs are therefore a patchwork of interdependent, variously overlapping—and
frequently controversial—aims that together offer a future-oriented vision of human and environmental
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flourishing intended to inform present priorities and paths forward [4,34]. Ultimately, the SDG agenda
is meant to mobilize global action towards “building an inclusive, sustainable and resilient future for
people and planet” [2].

As written, the SDGs and associated targets provide greater detail in terms of content (i.e., the
“what” of sustainable development) compared to methods of goal attainment (i.e., the “how” of
sustainable development) [9]. In response to the need for developing pathways to SDG achievement,
“The World in 2050” (TWI2050) [35]—a global research initiative launched by the International Institute
for Applied Systems Analysis (IIASA), the Sustainable Development Solutions Network (SDSN),
and the Stockholm Resilience Center (SRC)—brought together scientists, policymakers, analysts, and
multi-sector organizations to identify means of SDG implementation. To aid in the identification of
pathways to transformational change, and recognizing the interlinkages and interdependence across
goals, collaborators classified and arranged the SDGs into various thematic groupings [35].

In the below sections, we describe how PAR-based UREs may simultaneously advance the role
of HEIs in contributing to SDG achievement and student development. Although at first glance
PAR-based UREs may appear to align most objectively with SDG Target 4.7 (i.e., education for
sustainable development), this paper describes the broad implications of PAR-based UREs for all
17 SDGs, which are, in turn, buttressed by 169 individual targets. To streamline our discussion, we
apply one of the frameworks proposed by TWI2050, which organized the 17 SDGs into six thematic
clusters: (1) Basic Human Needs, (2) Universal Values, (3) Earth Preconditions, (4) Sustainable Resource
Use, (5) Social and Economic Development, and (6) Governance and Partnerships [35]. We agree
with TWI2050 that the SDGs are “universal, holistic and inter-dependent, thereby indivisible” [36].
As such, the six clusters are in no way meant to divide SDGs into competing categories, as progress
within one SDG inevitably advances others, within and across clusters. Further, the order of the SDG
clusters as presented in this paper does not imply priority or precedence but was determined to be
most conducive to introducing PAR-based UREs, their prefigurative potential, and key practical
considerations in a logical and meaningful way. Below, these six clusters, along with findings
from our previous empirical study [11], frame our discussion of PAR-based UREs in relationship
to the SDG agenda. Additionally, within each SDG cluster, we offer complementary reflections and
recommendations around the design and implementation of PAR-based UREs relative to important
dimensions of undergraduate student development. In particular, we focus on the capacity of
PAR-based UREs to advance students’ skills and abilities as: (1) Community Collaborators (and
Learners); (2) Community-Engaged Researchers; (3) (Interdisciplinary) Scholars; (4) Agents of Change;
(5) (Sustainable) Co-Innovators; and (6) Institutional Representatives.

3.1. Basic Human Needs

Robust and productive societies are created and maintained by healthy individuals whose basic
biological needs are met. The first cluster, “Basic Human Needs”, includes three SDGs [3]. First,
No Poverty is a commitment to end poverty in “all its forms everywhere” (SDG 1) [1]. The aims and
scope of this goal go beyond a singular conceptualization of poverty as a lack of income to broadly
include hunger, malnutrition, access to education and basic services, discrimination, and opportunities
to participate in decision-making. The closely-related Zero Hunger (SDG 2) aims to advance food
security, improved nutrition, and sustainable agriculture [1]. The third and final SDG in this cluster,
Good Health and Well-Being (SDG 3), is focused on promoting health and well-being for all people by
eradicating diseases and addressing sanitation and health issues around the globe [1].

3.1.1. Basic Human Needs and PAR-Based UREs

As an innovative avenue towards advancing the SDG agenda, PAR-based UREs combine
two approaches—PAR and UREs—already practiced within HEIs, but which are rarely combined.
Whereas PAR is grounded in critical and constructivist paradigms, and most often involves
collaboration between university faculty and community partners [37–39], UREs are most often
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oriented towards providing STEM undergraduates with traditional, campus-based (e.g., basic,
laboratory) research experiences where positivist approaches dominate [40]. By integrating these
approaches through PAR-based UREs, undergraduates within and beyond STEM are able to gain
valuable experience with critical, community-engaged research under the mentorship of faculty,
while contributing to the improvement of communities [11]. Moreover, PAR-based UREs have the
potential to confer similar benefits as more typical UREs (e.g., increased student engagement, expanded
understandings of disciplinary knowledge and practice, integration into cultures of research).

A foundational organizing principle of PAR-based UREs is the notion that those who will
be most affected by a research project should be involved throughout the process—not just as
participants (i.e., data units), but as collaborators who are “experts in their own lives” and who
may substantially contribute to the scope and design of the research [41] (p. 390). As such, PAR-based
UREs bring HEIs (e.g., university faculty; undergraduate students) and community partners (e.g.,
organizations; residents) together through prefigurative research that: (1) Employs methods—for
data collection, dissemination, and action—that are community-driven; and (2) aims to address
community-defined challenges in the present, rather than merely identifying avenues for future
community improvement [11]. With problem identification, priorities, and process emerging through
university-community collaboration, PAR-based UREs serve to address immediate issues that are
most important to community members (e.g., basic necessities). The PAR literature documents
numerous examples of universities and communities coming together to advance goals related to the
“Basic Human Needs” SDG cluster, including poverty, hunger, health, and well-being [42–45].

3.1.2. Reflections and Recommendations for Student Development: Student as Collaborator
and Learner

In the PAR-based URE pilot program described earlier, undergraduates facilitated the PAR process
with majority-Indigenous Southern Louisiana communities experiencing saltwater intrusion and land
loss due to climate change, as well as environmental degradation and pollution caused by the oil and
gas industry. Through relationship-building and collaborative decision-making with key community
members, their projects came to focus on: (1) Plant species of cultural and medicinal significance
that are vulnerable to environmental degradation; and (2) the place attachment, risk perceptions, and
adaptation preferences of Indigenous residents. As both projects centered on ecological threats to
community members’ livelihoods, health, and well-being, these student-facilitated PAR initiatives
were relevant to communities’ “Basic Human Needs”.

A key strength of this PAR-based URE pilot was its capacity to address community-defined
challenges through university-community collaboration, while simultaneously developing the
community-engaged research capacities of undergraduates through authentic research and
multidisciplinary mentorship [11]. In brief, students, as well as communities, were beneficiaries
of the process. This occurred despite the seemingly divergent nature of PAR and UREs, in which the
former is primarily a community-centered approach, and the latter is a primarily student-centered
approach. However, a closer look at PAR process illuminates its potential to confer multifaceted
benefits. According to Fals-Borda and Rahman, PAR is “not only as a means of creating knowledge; it
is simultaneously a tool for the education and development of consciousness as well as mobilization
for action” [46] (pp. 121–122). In PAR, they continue:

. . . both researcher and researched recognize that despite their otherness they seek the
mutual goal of advancing knowledge in search of greater justice. They interact, collaborate,
discuss, reflect and report in collectivities on an equal footing, each one offering in the
relationship what [they] know best. . . . It is in this space of a truly participatory activity
that the actual meeting of diverse scientific traditions takes place, resulting in an enriched
overall knowledge, which in addition is more effective in the struggle for justice and the
achievement of social progress and peace. [46] (p. 152)
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The PAR process is characterized by multiple cycles of research, reflection, and action through
which all participants—students, researchers, and community partners alike—are likely to benefit
through learning and transformation [46,47]. As such, in our view, the positive outcomes of PAR-based
UREs are not a finite resource that require zero-sum calculations regarding “who benefits?” Rather, PAR
maintains a focus on the questions “knowledge for what?” and “knowledge for whom?” towards the
collective empowerment of marginalized groups [46] (p. 152). In order to uphold these potentialities
of PAR, and to support students’ development as community collaborators and learners, we recommend
flexibly integrating student participation into the community-driven process. This means that students’
roles will evolve and change in accordance with the PAR process, rather than adhere to a strict or
pre-determined definition of what students’ URE participation will entail. With communities setting
the agenda for meeting their own needs through PAR-based UREs, HEIs can play an important role in
prefiguring sustainability, while promoting the SDG-oriented civic engagement of undergraduates.
Figure 1 illustrates the relationships between PAR-based UREs, the SDG framework, and student
development outcomes.

3.2. Universal Values

A second cluster of SDGs centers on “Universal Values” for fundamental human rights that
provide a foundation for a peaceful, prosperous, and sustainable future [3]. Quality Education (SDG 4)
is the achievement of universal educational goals for all people, across the lifespan [1]. Gender Equality
(SDG 5) includes universal provisions for “equal access to education, services, decent work” as well
as “equal representation in political and economic decision-making processes” [1]. Finally, Reduced
Inequalities (SDG 10) is broad to include the reduction of inequality both within, and also across all
countries across the world [1].

3.2.1. Universal Values and PAR-Based UREs

PAR initiatives, though diverse, are united by a shared set of values around the conduct and
purposes of research. Central principles of PAR include broad inclusivity, democratic process, and
reflexive practice. Respectively, in PAR practice, these value orientations translate into goals of diverse
research participation, equal distribution of power and decision-making ability, and learning and
transformation for all involved [13,46]. Together these process-oriented goals provide the basis for
strengthening community agency and empowerment, where agency is defined as “the capacity of
individuals to act independently to make their own free choices” [48] (p. 322), and empowerment
refers to “the process by which people gain control over their lives, democratic participation in the life
of their community . . . , and a critical understanding of their environment” [49] (p. 570). Towards these
ends, PAR collaborations often involve work with marginalized groups, such as women, racialized
and ethnic minorities, young people, and refugee and immigrant populations [14]. Ultimately, the
PAR process is oriented towards improving quality of life and advancing the “collective situation” of
community partners through collaborative research and action [7,15] (p. 10).

In these ways, through embodied practice, PAR-based UREs prefigure the aims of SDGs related
to “Universal Values”. For example, the educational dimension of PAR-based UREs aspires to engage
and transform undergraduate students as well as community members from diverse walks of life and
across the lifespan (SDG 4), while the non-hierarchical dimension of PAR practice is explicitly directed
at reducing inequalities, both through the practice of collaborative research and by achieving equity
and human flourishing within communities as the ultimate goal (SDG 5; SDG 10). In the PAR literature,
there are numerous examples of collaborative research partnerships—bringing HEIs and communities
together—focused on improving quality education [50], promoting gender equality [51–53], and
reducing inequalities more generally [54–56].
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3.2.2. Reflections and Recommendations for Student Development: Student as
Community-Engaged Researcher

During the summer prior to their participation in the PAR-based URE pilot, undergraduate
students completed a more typical lab-based URE in which the procedures, methods, and modes
of inquiry were situated squarely, and solely, within the realm of atmospheric science. Like in most
STEM UREs, the research questions addressed by students were predominantly faculty-driven and
pre-determined. In the second-year PAR-based URE, all aspects of the projects were guided by and
co-constructed with community members, with limited, if any, direct input by faculty. Through this
experience, undergraduate students developed understandings of how to establish and maintain
relationships between researchers and communities. In particular, undergraduates’ conceptualizations
of the process of effective science communication shifted away from that of unidirectionally conveying
and communicating scientific ideas to laypersons, and toward a bidirectional, discourse-oriented
approach. Importantly, students’ perceptions of the role of community members moved from the
periphery—where they are being spoken to by scientists as ‘consumers’ of completed research—to
a central location wherein community members have a voice in the co-creation of all aspects
of a research project. By partnering with majority-Indigenous communities, and constructing
non-hierarchical research relationships to collaboratively address community-defined challenges,
these student-facilitated PAR initiatives served to advance SDGs related to “Universal Human Values”.

Despite their expressed commitments to the fundamental tenets of PAR, the undergraduates who
participated in the PAR-based URE pilot described challenges switching their research mindset, or
methodological orientation, from science-focused to community-engaged. They were cognizant
of the fundamental shifts required and, during post-URE interviews, reflected on their own
successes and struggles reconciling their former research training with their emerging self-concept
as community-based researchers. Breaking out of the traditional hierarchical structure of STEM
research, in which researchers are accustomed to being in total control, was uncomfortable and
perhaps even unsettling. The emergent nature of PAR, as not pre-planned but community-driven,
combined with its reliance on relationship- and trust-building with community members, required
a patience and persistence students had not anticipated prior to beginning their work. Compared
to STEM research, and to (post-)positivist research more generally, PAR is unique in its emergent
and evolving nature, as well as its deliberate and democratic inclusion of community members
throughout the process. Students within and beyond STEM who have been previously enculturated
into positivistic epistemological and methodological paradigms will likely face similar challenges in
PAR-based UREs due to the fundamental perspective-shift that it necessitates. Therefore, in order
to support students’ development as community-engaged researchers, we recommend that students
receive PAR training prior to their participation in PAR-based UREs. This training should specifically
call out divergences in the scope, aims, and methods of positivist versus participatory research, and
emphasize that PAR is simultaneously a “process of ‘unlearning’ as well as new learning” [35] (p. 138).
By deliberately involving undergraduates in community-engaged research with marginalized groups
to collectively act for their own empowerment, HEIs may simultaneously reaffirm their civic missions,
while prefiguring the “Universal Values” that define a sustainable future.

3.3. Earth Preconditions

The “Earth Preconditions” cluster highlights the role of a stable biosphere and climate system for
a sustainable future [3]. “Preconditions” refers to the need for steady functioning of Earth systems as
“a prerequisite for a thriving global society” [57] (p. 305). The Climate Action (SDG 13) goal describes
the need for urgent action to combat climate change and its impacts, as climate change is impacting
individuals and communities, as well as disrupting economies, in every country around the globe [1].
Conservation, management, and sustainability of Life Below Water (SDG 14; i.e., oceans, seas, marine
resources) is essential to maintaining a sustainable biosphere, as is protecting Life on Land (SDG 15) by
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managing deforestation and desertification, as well as reversing or interrupting land degradation and
biodiversity loss [1].

3.3.1. Earth Preconditions and PAR-Based UREs

Climate change has been characterized as a global problem with local solutions. That is, although
climate change is a geographically diffuse and complex phenomenon, its immediate consequences are
localized—or experienced in unique ways by specific communities at different times and in different
places [58,59]. For example, communities often face wildly different climatological threats (e.g.,
extreme weather events) based on the geophysical features of their environments, and strengthening
community resilience requires attention to psychosocial, political, and infrastructural realities of
individual localities. As a result, local-level (e.g., city, county) initiatives have emerged in recent years as
critical to climate change mitigation, adaptation, and disaster risk reduction (SDG 13) [60]—initiatives
that have inevitably translated into protections for life below water and above land (SDG 14; SDG 15).

What makes localized programs especially effective in protecting the biosphere, specifically,
are the same features that position PAR as a promising strategy to address a diverse range of
community problems, within and beyond the scope of environmental degradation. Compared to
(inter)national policies and programs, smaller-scale initiatives are relatively less encumbered by
multi-level considerations in processes of development, approval, and implementation. Moreover,
local partnerships create conditions conducive to fostering awareness around specific features of local
environments that can facilitate success, such as local opportunities, resources, and barriers [8,61].
Such considerations often translate into policies and programs with place-based, social and cultural
relevance to specific communities, where top-down models are often inadequate. PAR-based UREs—as
local, bottom-up, grassroots initiatives—seek to integrate multiple perspectives through diverse
stakeholder engagement, and in so doing, generate plans and products meaningful to the lived realities
of community members. PAR has been applied, across a variety of geographic contexts, to address
wide ranging environmental issues, including climate change adaptation in Canada (SDG 13) [62],
estuary management in South Africa (SDG 14) [63], and Central American agroecology (SDG 15) [64].

3.3.2. Reflections and Recommendations for Student Development: Student as
(Interdisciplinary) Scholar

Projects in the PAR-based URE pilot were directly relevant to the “Earth Preconditions” SDG
cluster. Specifically, student-facilitated PAR initiatives centered on problems arising from climate
change, including land loss due to saltwater intrusion and land subsidence. As is typical in PAR, the
‘products’ of students’ PAR collaborations went beyond traditional academic dissemination modes
(e.g., journal articles) to include non-traditional products. For example, one student’s PAR-based
URE experience culminated in a mobile phone application to promote land-loss awareness among
community members. The app simultaneously served as a data collection strategy and educational
platform that compiled and featured oral histories, video testimony, historical and current photographs,
and geographic data. This research product was not merely information to be consumed at one point in
time or on one occasion by the community; rather, it was designed for regular and ongoing use—and
development—by the community over time beyond the summer URE period.

Researchers conducting PAR are tasked with regularly considering and negotiating the needs
of a broad range of community partners and stakeholders to facilitate processes of research and
action. Further, as academics, they face additional pressure to disseminate and advance knowledge
through conventional disciplinary channels [65]. A key success of the PAR-based URE pilot was its
simultaneous attention to the demands of community and academic contexts. Specifically, students
were positioned to contribute to the improvement of communities through collaborative research
and action, while they were simultaneously being supported in ways that may allow them to
succeed within the prevailing academic structure. In PAR collaborations, a range of dissemination
modes is commonly employed. These can include community events (e.g., workshops, training

227



Sustainability 2018, 10, 3332

seminars), political organizing and action (e.g., campaign materials), arts-based approaches (i.e.,
art exhibitions, performances), or the production and distribution of online or print resources
(e.g., websites, newsletters) [66]. Yet these non-traditional research products may not be perceived
as valuable ‘academic currency’—or, alternatively, the development of highly regarded academic
skills—within the rigid, disciplinary institutional norms and expectations that define research
productivity in today’s academic institutions. Therefore, in order to more appropriately support
students as (interdisciplinary) scholars, we recommend providing students with opportunities and
recognition for dissemination that include both traditional academic (i.e., journal article, conference
presentation) and perhaps non-traditional dissemination modes that result from the PAR process (e.g.,
creative educational products). In these ways, PAR-based UREs may serve as a mechanism through
which HEIs cultivate (interdisciplinary) sustainability scholars, advance SDG attainment, and prefigure
ideal university-community relations by ‘giving back’ to their communities—applying their skills and
resources in the service of local residents.

3.4. Sustainable Resource Use

The fourth SDG cluster encompasses avenues for “Sustainable Resource Use” [3]. The implications
of access to Clean Water and Sanitation (SDG 6) are far-reaching, and enhancements to infrastructure will
ensure an adequate supply of water, sanitation, and hygiene for all [1]. Affordable and Clean Energy (Goal
7) is perhaps the cornerstone upon which addressing many other SDGs depends [1]. Energy systems
that supply reliable, sustainable energy will be transformative as they support all sectors and help
address inequalities such as those in food production, jobs, education, infrastructure, and health.
Ensuring Responsible Production and Consumption (SDG 12) includes both sustainable management
as well as efficient use of natural resources that will increase quality of life [1]. Accomplishing this
will result in a better quality of life for all with the focus on efficient resource and energy use, the
development of a sustainable infrastructure, and increased access to basic services and decent jobs.

3.4.1. Sustainable Resource Use and PAR-Based UREs

Central to controversies around defining, characterizing, and acting towards sustainable
development is the ‘wicked’ nature of sustainability challenges, which require new modes of
inquiry and action due to their increasing level of complexity [67]. Advancing sustainability
requires consideration of the interconnected—and sometimes contradictory—nature of solutions
across multiple systems and scales, including the geographic, political, social, environmental, and
economic dimensions of sustainable transformation [57,68,69]. Like many SDGs, the specific goals
related to “Sustainable Resource Use” demand collaboration across boundaries of campus, discipline,
and nation.

PAR-based UREs practice these forms of ‘boundary-spanning’ on multiple levels. First,
through university-community partnerships, undergraduate students are encouraged to traverse
the boundaries of the university campus and to work in collaboration with communities for their
own improvement and empowerment. Further, PAR-based UREs apply a multidisciplinary mentor
model, providing undergraduates with exposure to diverse research traditions (e.g., epistemologies and
methodologies), within and beyond their major or specialty. With experience working across disciplines
and in partnership with communities, PAR-based UREs have the capacity to develop students who
are able to comprehend, communicate about, and address complex socio-scientific issues—or societal
dilemmas with ties to science that, like wicked problems, are “typically contentious in nature, can
be considered from a variety of perspectives, do not possess simple conclusions, and frequently
involve morality and ethics” [70] (p. 5). For example, though not organized as UREs, previous
studies have documented PAR initiatives around all SDGs in this cluster, including clean water [71],
sanitation and hygiene [72,73], clean energy [74], and responsible production and consumption [75,76].
Through SDG-oriented PAR-based UREs, participating students may develop the capabilities to speak
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across boundaries—with scientists, researchers, community partners, and the public—in ways that, at
present, hinder integrated action on complex sustainability challenges.

3.4.2. Reflections and Recommendations for Student Development: Student as Agent of Change

In the PAR-based URE pilot, undergraduate students completed projects that integrated traditional
ecological knowledge with Western science. For example, one project incorporated local knowledge as
it simultaneously drew from ethnobotony, atmospheric science, geography, environmental science,
and social science. This project centered on vulnerable plant species with cultural and medicinal value
to community members and faith healers. The aims were to identify and record data using geospatial
information systems (GIS) technology, to understand and document the importance and location
of these plants used by the region’s Native American tribes, and also explore potential solutions
that would enable the sustainable production of the vulnerable plant species. In light of the diverse
content areas and methods integrated during this PAR collaboration, and considering the specific
sustainability-oriented issues addressed, the PAR-based URE pilot was especially relevant to the
“Sustainable Resource Use” SDG cluster.

Notable outcomes of this PAR-based URE, as documented during interviews with student
participants, included undergraduates’ transformed views of how knowledge is generated, as well
as their deeper understanding of and respect for traditional ecological knowledge [11]. Students also
gained an appreciation for the challenges and rewards of community-engaged research, an expanded
understanding of the social dimensions of their work, and came to realize the empowering impacts
of community engagement—not only for community partners, but for themselves. For example,
undergraduate students developed a sense of agency to transform their own science networks by
discussing the value of interdisciplinary research with their peers and mentors, and by continuing to
engage with communities in their future work.

A key strength of this PAR-based URE was its positioning of students as ‘boundary-spanners’
as they facilitated the PAR process with community members. During the pilot, students were
tasked with developing relationships with community members, learning about the history of
the region and the problems perceived by community members, and co-constructing projects to
address local environmental problems. This required full-time investment by the students throughout
the duration of the program, as well as the support of a constellation of academic mentors from
multiple disciplines who provided advice on their specific PAR initiatives. These included mentors in
STEM, social science, and qualitative methodology. Further, they were each assigned a community
liaison who provided mentorship and guidance as they integrated themselves into the communities.
As a result, student participants in the PAR-based URE became part of a community-engaged and
interdisciplinary network, which fostered their growth as civically-engaged scholars committed to
the improvement of communities. Throughout the program, they regularly communicated across
cultural (e.g., with community members) as well as disciplinary (e.g., social and physical science)
boundaries. By the end of the program, students had gained confidence in their communication
abilities as well as their potential to be agents of change. Given these positive outcomes related to
student empowerment, we recommend that in any PAR-based URE, students should be encouraged
and supported in speaking and collaborating across boundaries, especially by communicating their
work in a variety of academic contexts, and in community settings. By supporting students as agents of
change through PAR-based UREs, HEIs simultaneously demonstrate their commitment to addressing
global sustainability challenges of the present and future, while prefiguring sustainability through
community-engaged research that enables action in the ‘here and now’.

3.5. Social and Economic Development

According to the SDG framework, “Social and Economic Development” [3] are key features
necessary to ensure global peace and security. The SDG Decent Work and Economic Growth
(SDG 8) centers on inclusive and sustainable growth towards ensuring equitable opportunities
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for employment and decent work [1]. In addition to eradicating slave and child labor, economic
productivity and prosperity are encouraged through the promotion of development-oriented policies.
The implications of sustainable Industry, Innovation, and Infrastructure (SDG 9) are far-reaching.
Adequate infrastructure is central to the success of many SDGs, as is sustainability-oriented innovation
around industrialization [1]. Finally, Sustainable Cities and Communities (SDG 11) are emphasized in
this cluster, as cities are hubs for “ideas, commerce, culture, science, productivity, social development,
and more” [1]. Inclusive, safe, and resilient cities and communities are framed, within this cluster, as
paving a path toward further social and economic advancements.

3.5.1. Social (and Economic) Development and PAR-Based UREs

Of the many controversies surrounding the SDGs, debates around their inclusion of economic
growth have been most contentious [77]. In light of the present-day existence of extreme
poverty coupled with income and wealth inequality (i.e., threats to human flourishing), as well
as overexploitation of resources due to a culture of extraction (i.e., threats to ecological sustainability),
many see unfettered economic growth as a clear and immediate threat to promoting human
development within planetary boundaries [4,9,57]. In critiquing the ‘3P model’ (i.e., people, planet,
profit)—the framework that undergirds the SDGs, and which is known by a handful of other names
(e.g., three pillar model; triple bottom line; tripartite model)—many have argued that economic growth,
as measured by GDP, should not be among the key SDG priorities [4,9,57,77]. Apart from doing away
with economic goals entirely, many have argued that at the very least, the well-being of people
and planet should come before profit. We agree with Holden et al. that “sustainable development
constitutes a set of constraints on human activities, including economic activities” [4] (p. 3). As such,
in this section, we constrain our discussion of the potentialities of PAR-based UREs to two themes:
(1) Sustainable innovation; and (2) sustainable cities and communities. Within these themes, we discuss
how PAR-based UREs may build capacity within aspects of each SDG in the cluster, without losing
sight of economically-driven threats to the wider ecology of the planet.

PAR-based UREs advance sustainable innovation as well as the sustainability of cities and
communities. We view sustainable innovation (SDG 9) as the creation of new methods, ideas, or
products that embody or advance human flourishing and planetary well-being. Relatedly, a key
premise for building sustainable cities and communities (SDG 11) is that “ . . . human settlements
can be incubators for innovation and ingenuity and key drivers of sustainable development” [2].
Sustainable innovation is a concept that describes both process and outcome of PAR-based UREs.
In terms of process, providing opportunities for undergraduates to engage with local residents
for collaborative, community-driven, SDG-oriented research and action through PAR-based UREs
already challenges the status quo—specifically of entrenched academic modes of insular, disciplinary
research that is often disengaged from communities. Additionally, as discussed, the outcomes of
the PAR process—as community-defined—often fall outside the typical range of recognized and
rewarded scholarly products (e.g., journal articles), but rather tend to encompass innovative modes
of dissemination and action that are more likely to reach and to resonate with community members.
This is because, in PAR, ownership of the process, knowledge generated, outcomes, and actions lies
with community members, which can strengthen the adoption and sustainability of community-driven
initiatives, making them ultimately more successful [78,79]. PAR has been applied in a number of
contexts related to sustainable innovation as well as sustainable cities and communities. For example,
by facilitating youth-led climate action in diverse yet neighboring communities [80], through research
emphasizing the implications of unreliable transportation systems on negative birth outcomes in
communities in Nigeria [81] and Uganda [82], and by bringing together representatives from various
sectors to address sustainable household waste management challenges in Brazil [83].

230



Sustainability 2018, 10, 3332

3.5.2. Reflections and Recommendations for Student Development: Student as (Sustainable)
Co-Innovator

Our empirical investigation of the impacts of the PAR-based URE pilot documented only students’
views of the process, leaving our understanding of its impacts on community members incomplete.
However, during interviews, students articulated a common perception that the collaborative process
strengthened community members’ sense of agency to address environmental problems through their
own ability to conduct research and to engage in self-advocacy. Further, students commented upon
the potential of PAR-based UREs, through processes of collaborative research and action, to strengthen
communities’ capacity for self-determination [11]. In brief, in the eyes of student PAR facilitators, the
process was empowering to community members in that it created the conditions under which they
could gain further control over their own affairs [49]. Both by representing a new type of program
that engages undergraduates in community-based research based on PAR principles, and through the
creation of novel community-designed resources (e.g., a mobile app) focused on environmental threats,
this PAR-based URE served to advance SDGs related to “Sustainable Innovation” and “Sustainable
Cities and Communities”.

Key strengths of the PAR-based URE were the motivation and willingness of community
members to work collaboratively with the undergraduates, and the scope and quality of the resulting
projects—especially given the relatively short duration of the program (i.e., 10 weeks). However,
these features of the pilot were only possible due to strong connections established prior to the URE
between community residents and the community-engaged faculty who provided mentorship to
students during the program. These longstanding relationships provided a strong foundation of
trust, which allowed for students’ seamless integration into the process. As discussed in greater detail
previously [11], given the significant bi-directional investment involved in relationship-building—upon
which the success of any PAR initiative rests—PAR-based UREs should more often be designed to
augment existing, long-term, PAR-focused faculty-community relationships, rather than to establish
one-off, short-term, or URE-focused faculty-community relationships. Correspondingly, in order
to support students’ development as (sustainable) co-innovators through PAR-based UREs, we
recommend the scope and specific nature of students’ contributions always and completely serve
the current and evolving needs of the collaborative relationship. As such, PAR-based UREs, as
HEI-supported student opportunities, prefigure or demonstrate sustainable innovation within cities
and communities, just as they promote sustainable innovation by serving as vehicles of transformative
community-led change.

3.6. Governance and Partnerships

The sixth and final SDG cluster encompasses “Governance and Partnership” goals [3]. Peace,
Justice, and Strong Institutions (SDG 16) advocates for equitable global standards for justice,
a commitment to peace, and a responsibility to addresses inequalities by way of effective, accountable,
and inclusive institutions across all contexts [1]. Aims within this goal are expansive, ranging from
strengthening national institutions, to the reduction of corruption and organized crime, the provision
of legal identity for all, and also the abolition of abuse, exploitation, and trafficking of children.
Partnerships for the Goals (SDG 17) is the sole SDG entirely devoted to means of implementation, with
its emphasis on domestic and global partnerships focused on finance, technology, capacity building,
and policy [1].

3.6.1. Governance, Partnerships, and PAR-Based UREs

It is with respect to the “Governance and Partnerships” SDG cluster that the specific dynamics
(and capacities) of PAR-based UREs truly resonate. Not only do PAR-based UREs hold the potential
of paving a path toward peace and justice by advancing the previously discussed SDG clusters (i.e.,
Basic Human Needs, Universal Values, Earth Preconditions, Sustainable Resource Use, and Social
and Economic Development) through the community-driven scope of projects undertaken, these
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collaborations typify the sort of university-community partnership that may genuinely strengthen
ties between HEIs and the communities within which they reside (SDG 16) [1]. Moreover, the very
mechanism through which these processes may occur—partnership—forms the basis of SDG 17 and
PAR-based UREs [1,11]. In short, through partnerships between students, communities, universities,
and the public, PAR-based UREs may simultaneously advance the SDG agenda with respect to both
content (SDGs 1–16) and means of implementation (SDG 17) [1].

PAR-based UREs employ methods falling under the broader umbrella of action research, which
has been described by Reason and Bradbury [84] as cited by Gayá and Brydon-Miller [7] (pp. 37–38) as
that which takes place “in participation with others” towards:

. . . the pursuit of practical solutions to issues of pressing concern to people, and more
generally the flourishing of individual persons and their communities . . . [and towards] a
more equitable and sustainable relationship with the wider ecology of the planet of which
we are an intrinsic part. [84] (pp. 1–2)

As such, the general philosophy of action research shares fundamental commitments with the
SDG agenda [2], as well as to the very definition of “sustainable development” proposed by Griggs et al.
to accommodate the era in which we now find ourselves, the anthropocene: Sustainable development,
to them, is that which “meets the needs of the present while safeguarding Earth’s life-support
system, on which the welfare of current and future generations depends” [57] (p. 306). By involving
undergraduates in PAR-based UREs, HEIs may contribute not only to cultivating the ‘next generation’
of community-engaged, justice-bound, and sustainability-oriented citizens and scholars; they may
expedite the enactment—the realization—of these aspirational ideals now. This present-oriented, lived
embodiment of ‘future’ goals is the essence of prefiguring social and ecological sustainability through
PAR-based UREs.

3.6.2. Reflections and Recommendations for Student Development: Student as
Institutional Representative

During the PAR-based URE, the undergraduate student facilitators served as institutional
representatives. In their work with community members, they became the face of academia, their
universities, and given the nature of the URE, science. As young people collaborating with community
members, as students pooling their knowledge with local expertise, and as researchers at the
nexus of social and physical science, undergraduates in the PAR-based URE were able to interface,
communicate, learn, and disseminate knowledge across boundaries. A key success of the PAR-based
URE was its capacity to build and bolster bridges through research and action, whether that meant
strengthening connections among community groups, between students and communities, across
disciplinary boundaries, or between universities and the public. During the pilot, all of these critical
connections—within and between actors and institutions—were forged or reinforced in some way.
As such, the PAR-based URE pilot, to a degree perhaps outperforming all other clusters, served to
advance SDGs related to “Governance and Partnerships”.

Despite these capacities, PAR-based UREs face numerous institutional barriers. Related to the
nature of PAR, for example, the perspectives of community members continue to be devalued
in many academic science circles [85,86], and the prolonged duration of engagement typical of
PAR is perceived as a threat to academic career prospects given a culture of hyperproductivity at
many research universities [87]. Moreover, PAR-based UREs face structural challenges related to
their specific characteristics. For example, many universities lack faculty incentives for facilitating
undergraduate research [88–90]. Finally, PAR-based UREs such as the pilot we describe, which spanned
physical and social science, may face challenges due to their interdisciplinary nature (e.g., related to
disparate methods, languages, publishing outlets; [91,92]). We authors emphasize that these barriers to
PAR-based UREs lie not in the specific capacities and configurations of the programs themselves, but
in the rigid cultures and modes of academic research within which they operate. With these prohibitive
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factors in mind, we bring our attention to the critical role of HEIs in supporting the adoption and
proliferation of PAR-based UREs. In place of a specific recommendation, we offer an appeal—one
grounded in the potential of PAR-based UREs to simultaneously contribute to sustainable development
as well as student development: By facilitating the implementation of PAR-based UREs, HEIs are in the
position to usher in a new era of undergraduate training—one in which students become institutional
representatives contributing to the advancement of peace and justice through strong ties between
universities and their surrounding communities, while prefiguring sustainability through accessible
and robust community-driven research and action.

4. Conclusions

The unanimous adoption of the SDGs by the UN General Assembly has been heralded as a major
global achievement. However, the substantive impact of countries’ universal agreement around this
set of ambitious goals will ring hollow without concrete support and concerted action on the part of
institutions and governments around the world [9]. In our view, HEIs have a critical role to play in the
success of the SDGs. As centers for innovation and exchange, HEIs are uniquely well-positioned to
offer infrastructure, personnel, and recognition to galvanize collaborative research and action towards
global sustainability and human development.

PAR-based UREs represent a promising pathway towards realizing the vision of the SDGs.
Beyond fostering relationships between students, communities, researchers, and the public, due
to their flexibility and scalability, PAR-based UREs offer a mechanism for the proliferation of
community-driven, action-oriented research to simultaneously address sustainability challenges and
promote well-being in local contexts. In these ways, PAR-based UREs offer a prefigurative pathway to
bring much-needed transformation to communities in the ‘here and now,’ rather than in the abstract
or distant future. Moreover, PAR-based UREs have the potential to advance students’ capabilities as
community-engaged collaborators, learners, and researchers; interdisciplinary, boundary-spanning
scholars and innovators; and empowered agents of change representing and transforming HEIs and
their disciplines as they interface with local communities.

In this paper, we have merely sketched the contours of the symbiotic relationship between
PAR-based UREs and SDG achievement. The role of HEIs in supporting their combined success
is a matter of procedural and cultural transformation. Procedurally, HEIs must—on the front
end—establish alternative proposal-review (e.g., funding, institutional review board) mechanisms that
comprehend and embrace the emergent and evolving nature of PAR, and—on the back end—devise
reward systems (e.g., tenure and promotion) that recognize the value of undergraduate research and
the development of non-traditional academic products resulting from PAR (e.g., community, policy
impact). Culturally, HEIs must continue along a growing trend of incentivizing bridge-building beyond
the boundaries of discipline and university campus, first by prioritizing interdisciplinary collaboration,
and relatedly, by reestablishing firm roots within their surrounding communities through partnerships
and prefigurative practice.

The SDGs envision a world of human flourishing within planetary boundaries [1,93].
Their achievement now requires alternative modes of research and action to address critical social
and environmental problems [7,65]. Prefigurative methodologies, such as PAR, bring these seemingly
soaring ambitions ‘down to earth’ by emphasizing individual and collective transformation in the
present—change that is firmly rooted in the embodied practice of collaborative inquiry and action.
Through PAR-based UREs, HEIs will continue to represent a global force for positive change—though
not hidden behind paywalls or in ivory towers, but on the ground, in lock step with communities
in need.
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Abstract: The Expanded Student Engagement Project (ESE) has developed three comprehensive
inventories which aim to increase student knowledge of sustainability-related course content and
increase student engagement in on- and off-campus, curricular, and non-curricular sustainability
projects at the University of Toronto (U of T). The first is a sustainability course inventory
(SCI) generated using keyword search based on the UN Sustainable Development Goals (SDGs).
This is the first SCI that has been based on the SDGs. The inventory identified 2022 unique
sustainability courses and found that SDG 13 had the greatest representation and SDG 6 had the least.
The second inventory is a community-engaged learning (CEL) sustainability inventory which found
154 sustainability-focused CEL courses and identified 86 faculty members who teach sustainability CEL.
Finally, an inventory of sustainability co-curricular and extracurricular opportunities revealed that U of
T has 67 sustainability-focused student groups and identified 263 sustainability-focused opportunities.
These inventories are an important foundation for future initiatives to increase student engagement in
sustainability on campus and in the community. The ESE will integrate this data into U of T’s course
management system and use the inventories to develop a new sustainability pathways program.

Keywords: sustainable development goals; SDGs; higher education institutions; sustainability in higher
education; agent of change; curriculum innovation; sustainability course inventory; student engagement

1. Introduction

The University of Toronto’s President’s Advisory Committee on the Environment, Climate Change,
and Sustainability (CECCS) has developed a project intended to support undergraduate student
engagement with sustainability issues that challenge the university and its neighbouring communities.
This project, titled the Expanded Student Engagement Project (ESE), is working to expand student
knowledge of sustainability-related course content and increase both on- and off-campus student
engagement through sustainability focused curricular and non-curricular projects. The ESE’s work
presented here was conducted by five undergraduate research assistants and their supervisor, chair of
the CECCS, over a period of 14 months.

The motivation for this work was to identify existing sustainability opportunities at the University
of Toronto (U of T) and provide a foundation for the development of future opportunities and
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sustainability programs. This paper investigates the process by which the ESE created its primary
deliverables: three inventories which catalogue (1) undergraduate courses with sustainability content (2)
undergraduate courses with sustainability focused community-engaged learning (CEL) opportunities
and (3) undergraduate co-curricular and extracurricular opportunities actively promoting sustainability
at the U of T. Additionally, we discuss the process of clustering the first inventory around a novel
framework derived from the United Nations (UN) Sustainable Development Goals (SDGs), and clustering
the second inventory by adapting McRae and Johnson’s Global Work-Integrated Learning Framework [1].
This paper presents some of the first course inventory methodologies in the literature. Further, although
Yale University has organized faculty research interests using the SDGs [2], this paper presents the first
usage of the SDGs to identify and cluster sustainability courses at higher education institutions (HEIs).
We seek to emphasize the practical use of the SDGs as indicators for sustainability course content.
We demonstrate how the inventories work in service of embedding sustainability pedagogy into curricula
across the numerous departments operating at U of T.

This paper is intended to serve as a case study for other HEIs working to expanding student
engagement in sustainability. We have paid particular attention to the many tensions that appeared
during the development of our inventories. It is our hope that the practical lessons presented in their
resolutions will prove useful to sustainability practitioners at other HEIs. To achieve this goal, we will
begin this paper by grounding our work in the theoretical frames which detail the changing role of
the university in society, as well as curriculum innovation for sustainability education. Following this
review we discuss relevant contextual factors at U of T to provide a basis for comparative analysis
between institutions. The methodologies for creating these inventories are then closely examined,
including a review of methods used by other HEIs and our use of the SDG framework, before the
results are presented. To conclude, the relevance of this work to the creation of sustainability pathways
and the future work of the ESE are discussed.

2. Context

The role of the University as an actor in society has been changing from its traditional role as
a knowledge institution. Its new purpose manifests a wider, outward facing scope for University
activities. In other words, collaboration with external partners is becoming standard practice for HEIs
such that the human capital, research and expertise already produced by the University have the
greatest impact in society [3–5]. Thus, the University emerges as an Agent of Change (AOC) in its
immediate community through mutually beneficial relationships within its local context. Further,
with knowledge transfer among HEIs becoming ever more consistent, there is meaningful potential to
expand the impact of these collaborations globally and in a large variety of local contexts.

Another change in HEIs is a greater emphasis on experiential learning to solve pressing issues
identified by society [6]. Specifically, this has involved creating more opportunities for solutions-based
pedagogy, often guided by collaboration with partners outside academia (this could include operational
staff at the university, civil society organizations, or private sector actors) [7]. This educational strategy
is called the “Living Lab” approach at U of T, also called “real-world laboratories,” “urban living labs,”
and “sustainability learning labs” [8–10]. HEIs employing the model demonstrate a few consistent
principles across “Living Lab” activities [9,11,12]:

(1) Formal and equitable collaboration with both operational and community partners to identify
and solve real sustainability issues;

(2) Training of career ready graduates through external placements;
(3) Emphasis on promoting and expanding experiential learning opportunities;
(4) Intentional knowledge transfers beyond academic circles; and
(5) Institutional commitment to transdisciplinary thinking [4,5,11,13–15].

Living Lab activities which engage students also significantly impact their educational experience
and foster sustainability thinking.
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It is widely acknowledged that sustainability is a perspective inextricably tied to complex and
systemic problems, and its approaches are necessarily framed by the attempt to develop relevant practical
solutions that integrate theories, practices and insights from diverse bodies of knowledge [16–19]. Hence,
as Aktaş suggests, “a viable way to increase the role of sustainability in higher education is to foster
interdisciplinary research and teaching” [20] (p. 354). Although U of T’s School of the Environment offers
interdisciplinary B.A. and B.Sc. programs which span the natural sciences, social sciences, and humanities,
it is the vision of the ESE to make such options available throughout all undergraduate programs at
U of T. Creating widely available interdisciplinary training in sustainability requires going beyond the
disciplinary structure of degree programs to create an overarching and interdisciplinary trajectory in
sustainability. Every department is relevant to sustainability research and can be represented in curricular
sustainability offerings.

In addition, as Wright, Cain, and Monsour argue, to generate the mindset required for
transformative sustainability education, curriculum development must adopt more experiential,
community-integrated, and practice-oriented approaches to teaching [21]. With the support of campus
leaders and administrators, curriculum innovation for sustainability should look like “creative and
critical application of knowledge and skills (that) are supported by authentic experience within
the classroom.” [21] (p. 2). Such sustainability curriculum innovation in HEIs requires top-down
support [22,23]. To this end the ESE aims to provide administrative tools for the development of
interdisciplinary and eventually transformative sustainability experiential learning initiatives.

A motivating curriculum structure that encourages interdisciplinarity and experiential
sustainability learning is Sustainability Pathways. The ESE’s concept of sustainability pathways
derives from the University of British Columbia (UBC)’s sustainability curriculum initiative called the
Sustainability Learning Pathways (SLP) [24]. The main goal of the SLP is that any student, regardless
of their degree program, will have access to an education in sustainability through a learning trajectory
complementing and weaving through their disciplinary education. The UBC SLP program outlines
the following attributes for a trajectory of for-credit sustainability pathway courses:

(1) Accessible to all undergraduate students regardless of degree program;
(2) Interdisciplinary;
(3) Can be completed by students through their existing degree program;
(4) Involves research, co-curricular projects and/or community-engaged learning courses; and
(5) Provides a coherent sustainability education [24].

Recent developments in sustainability leadership at the University of Toronto have identified
such development as a priority for the institution. Understanding the policy and structural context
of the University of Toronto is important to situate how such widely available interdisciplinary and
experiential sustainability opportunities could be developed.

The University of Toronto is the largest HEI in Canada, with over 89,000 full-time and part-time
undergraduate and graduate students [25]. It has three campuses across the Greater Toronto Area;
the University of Toronto St. George (UTSG) is the university’s main campus and is located in
downtown Toronto. Two smaller campuses are located outside of downtown Toronto in Mississauga
(University of Toronto Mississauga, UTM) and in Scarborough (University of Toronto Scarborough,
UTSC). Each campus has a Sustainability Office, which is tasked with ensuring the sustainability of
Facilities and Services operations.

In 2016, U of T faced significant pressure from students to divest from fossil fuels. Subsequently,
the Office of the President outlined new goals and commitments for sustainability action in the 2016
report Beyond Divestment: Action on Climate Change which included the creation of the President’s
Advisory Committee on Environment, Climate Change, and Sustainability (CECCS): a committee
of faculty, staff, students and alumni who are tasked to ensure that the goals of the report are
implemented [26]. After four months of operating, the CECCS published the Annual Report 2017
which outlined the strategy and action items for the CECCS as well as setting the priorities for three
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subcommittees: the Campus as a Living Lab Subcommittee (CLL), the Agent of Change Subcommittee
(AOC), and the Curriculum Innovation Subcommittee (CI) [3]. Each subcommittee has priorities and
action items that are consistent with the literature explored in the sections above. The ESE works to
achieve the objectives of the CI subcommittee and acts as the informal operating arm. This work is
summarized in the ESE’s four central goals:

(1) Create a sustainability inventory that is made available to students interested in choosing
sustainability related courses;

(2) Create a list of faculty teaching in the sustainability area that is available to all those faculty
members, hopefully contributing to a greater sense of common identity and community;

(3) Contribute to the creation of curricular ‘sustainability pathways’ for U of T students; and
(4) Develop more curricular and co-curricular student engagement opportunities related to

sustainability, in collaboration with U of T organizations, specifically through the use of the
community-engaged learning inventory.

In its Annual Report 2018, the CECCS identifies significant progress on these items related to
curriculum innovation, as well as some additional highlights which cross-cut the committee’s operations:

(1) The CLL subcommittee has identified six living lab projects and is developing a template for
student engagement alongside a Charter of Principles for these projects;

(2) The AOC subcommittee has prepared a typology of forms of engagement with partners on
sustainability projects;

(3) On behalf of the CI subcommittee, the ESE project developed inventories of undergraduate
sustainability courses, sustainability-oriented community-engaged learning courses, and of
student clubs with a sustainability focus; and

(4) The CI subcommittee has begun work on implementing sustainability pathways in four
divisions [27].

U of T does not have an interdisciplinary academic division devoted to developing sustainability
curriculum across academic disciplines, resulting in limited financial and labour resources available
for such purposes [28]. As well, U of T has less of a pre-existing culture and research interest in
sustainability compared to universities in British Columbia and Quebec [28].

Despite these challenges, there is great potential for effective curriculum innovation in
sustainability education at U of T due to its size and existing interdisciplinary program structures
such as those in the Faculty of Arts and Science (FAS) [29]. In addition, U of T is engaged in
several inter-institutional networks which seek to foster knowledge transfer and communication
of best practices, notably the Association for the Advancement of Sustainability in Higher Education
(AASHE) [30] and the University Climate Change Coalition (UC3) [31].

In addition to these opportunities to embed and connect sustainability education throughout
the university, U of T, along with every university and college in the province, has signed a Strategic
Mandate Agreement (SMA) with the Government of Ontario’s Ministry of Advanced Education and
Skills Development [32]. These SMAs outline “System-Wide” and “Institution-Specific” targets to
formalize “shared objectives and priorities” between educational and governmental entities (p. 6).
Importantly for the ESE, one of U of T’s SMA metrics commits the university to “the expansion
of high-quality, pedagogically-sound work-integrated learning and experiential learning (WIL/EL)
opportunities across undergraduate, graduate and professional programs” (p. 4). The U of T Task Force
on Experiential Learning is responsible for achieving this priority and has released a white paper that
standardizes the definition of experiential learning in the U of T context. The white paper concludes
by recommending that the university better catalogue its experiential learning opportunities [8],
thus demonstrating high-level administrative support for inventory work.
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3. Methods

We shaped this paper as a case study to illustrate the challenges which arose throughout the project,
and the reasons for choosing particular solutions. To paraphrase Bruno Latour, a case study opens
the possibility to show a step-by-step project in-the-making rather than a ready-made solution [33].
The case study as a communicative approach has been adopted by other HEIs wanting to outline their
development of sustainability programs, commitment to curriculum innovation and establishment of
living labs [34–36]. As Dmochowski noted in a case study of the University of Pennsylvania (Penn),
“the purpose of this paper is to share the strategy used at [Penn] and provide an evaluation of its
success and guidance to others creating similar programs” [37]. This format is a critical asset for
developing sustainability programs at other HEIs like the ones developed at the University of Toronto.

In this following section we will review the methods used to create the three inventories of
sustainability opportunities available to undergraduate students at U of T.

3.1. Sustainability Course Inventory Method

Sustainability course inventories (SCIs) are common practice for universities who participate in
sustainability reporting systems, such as the AASHE Sustainability Tracking, Assessment, and Rating
System (STARS) [38]. Course inventories increase awareness of sustainability course offerings and
highlight the inherent interdisciplinarity of sustainability [37]. Additionally, SCIs provide a metric to
track changes in the amount of focus on sustainability in the curriculum across the university [39] and
offer increased access to sustainability education opportunities at institutions.

A review of sustainability course inventories developed by North American universities revealed
three popular methods to identifying courses for SCIs:

(1) Review of course titles and descriptions by the department, office, or group that is creating the
inventory (e.g., [40–42])

(2) Survey of academic deans, chairs, or instructors to identify sustainability courses (e.g., [43,44])
(3) Keyword search of course catalogue (e.g., [45–47])

Many HEIs develop inventories using combinations of the above methodologies. Surveys of
faculty members are sometimes conducted to confirm the results of inventories done by reviewing
courses or keyword searches [43,45,48]. This method provides validation of the inventory results but
does not rely on a high survey response rate to create a complete inventory.

The U of T Sustainability Course Inventory was developed using a keyword search of
Course Finder [49], the central and exhaustive database of the tri-campus undergraduate courses.
This methodology was chosen because resources were not available to individually review the more
than 8000 undergraduate courses at U of T. Further, university regulations prevented us from using
a survey method to identify courses. Finally, the method is transparent and requires least subjective
judgement, making it easy to operationalize for updating the inventory in future years [50]. Graduate
courses are not included in the SCI because U of T does not have a central graduate course catalogue
in which a keyword search could be conducted.

The keywords used for the SCI were developed using the United Nation’s Sustainable
Development Goals (SDGs). Two to seven keywords were chosen for each SDG to describe each Goal
as completely and precisely as possible without overlapping with the other SDGs. The keywords were
selected by the ESE team based on a list of SDG keywords provided by the Sustainable Development
Solutions Network (SDSN) Australia/Pacific Branch [50] and approved by the members of the CECCS.

The keyword search results were reviewed by course title and course description when necessary,
and non-sustainability courses were removed from the inventory. This secondary filtering process
is subjective but transparent, and a list of deleted courses was kept available. Such filtering was
required because several keywords refer to different topics based on context, such as “environment”
in “business environment”. Courses were tagged with all SDGs for which they returned a keyword.
About 25% of all search results were filtered out.
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The taxonomy of SDGs and keywords is presented in Table 1. An effort was made to use a similar
number of keywords for each SDG however priority was given to selecting a set of keywords that
spanned, and are unique to, the problem area of each SDG. Additional effort was made to minimize
repetition of keywords, however exceptions were made for water (SDGs 6 and 14), conserv* (SDGs 14
and 15) and pollute (SDGs 14 and 15), as they were identified as essential keywords which could not be
limited to one SDG. The keyword sustainab* was not included because it is not specific to one SDG,
and we found that it did not yield any courses that were not already identified by other keywords.

Table 1. Sustainable Development Goal keywords used to create the sustainability course inventory
(SCI) (Sustainable Development Goal (SDG) text from [51]).

Sustainable Development Goal Keywords 1

Goal 1 End poverty in all its forms everywhere poverty, income distribution, wealth
distribution, socio economic

Goal 2 End hunger, achieve food security and improved nutrition
and promote sustainable agriculture agriculture, food, nutrition

Goal 3 Ensure healthy lives and promote well-being for all at all
ages health, well being

Goal 4 Ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all educat*, inclusive, equitable

Goal 5 Achieve gender equality and empower all women and girls gender, women, equality, girl, queer

Goal 6 Ensure availability and sustainable management of water
and sanitation for all water, sanitation

Goal 7 Ensure access to affordable, reliable, sustainable and
modern energy for all

energy, renewable, wind, solar, geothermal,
hydroelectric

Goal 8 Promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all

employment, economic growth, sustainable
development, labour, worker, wage

Goal 9 Build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation

infrastructure, innovation, industr*,
buildings

Goal 10 Reduce inequality within and among countries trade, inequality, financial market, taxation

Goal 11 Make cities and human settlements inclusive, safe,
resilient and sustainable cities*, urban, resilien*, rural

Goal 12 Ensure sustainable consumption and production patterns
consum*, production, waste, natural
resources, recycl*, industrial ecology,
sustainable design

Goal 13 Take urgent action to combat climate change and its
impacts

climate, greenhouse gas, environment, global
warming, weather

Goal 14 Conserve and sustainably use the oceans, seas and marine
resources for sustainable development ocean, marine, water, pollut*, conserv*, fish

Goal 15 Protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification,
and halt and reverse land degradation and halt biodiversity loss

forest, biodiversity, ecology, pollut*,
conserv*, land use

Goal 16 Promote peaceful and inclusive societies for sustainable
development, provide access to justice for all and build effective,
accountable and inclusive institutions at all levels

institution, justice, governance, peace, rights

1 An asterisk next to an abbreviated word is syntax for the search engines used to search all variants of that
abbreviation. For example, searching educat* returns results including educate, education, and educator.

The Sustainable Development Goals were designed as a framework to identify and cluster
sustainability courses because of their international adoption, expert formulation, and comprehensiveness
on the topic of sustainability [52] (Le Blanc argues that the SDGs have better integration across sectors
than their predecessors, the MDGs. This integration is understood as improved comprehensiveness of
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the interconnected challenges in sustainability.) The SDGs consist of a set of 17 goals, 169 targets, and 243
indicators that UN member states designed and adopted to use as a framework for development policy
until 2030 [53]. They are an extension of the Millennium Development Goals (MDGs) and were adopted
by world leaders in 2015 as a part of the 2030 Agenda for Sustainable Development [51]. These goals are
not legally binding, therefore governments are expected to design their own process for implementation of
policy to further these goals [54]. Goal 17, “Strengthen the means of implementation and revitalize the
goal partnership for sustainable development,” was excluded from our methodology, as it encompasses
the act of achieving the other goals rather than bringing a new perspective to sustainability, making it
poorly-fitting for this purpose.

Since the development of the SDGs, the United Nations (UN) and its affiliated organizations have
strongly encouraged the use of the goals to frame problem solving in higher education institutions [55].
The UN Sustainable Development Solution Network (SDSN), is a UN General-Secretary organization
working to develop and coordinate global research and technological expertise to promote practical
solutions for sustainable development, specifically the implementation of the SDGs [55]. It argues
that universities play a critical role in sustainable development, as the task of achieving the SDGs
is so large, universities have the potential to accelerate action in SDGs. The SDGs provide a new
way to communicate to the public about the relevancy of HEIs, especially as drivers of solving
global problems while also providing a single framework for addressing global problems [50].
These arguments for engaging with the SDGs all relate to the growing role of HEIs to train students to
develop problem-solving skills [5,56]. Yet, the use of the SDGs as global indicators is often contested,
even with specific targets and indicators for the goals, the goals are still described as broad, vague,
and confusing [54]. Our judgement was that, despite these concerns, the SDGs provided a powerful
basis for assessing the sustainability content for U of T courses.

3.2. CEL Sustainability Inventory Method

The Community-Engaged Learning (CEL) Sustainability Inventory is an inventory of CEL
courses at U of T in which students work on sustainability projects. The inventory seeks to identify
opportunities for students to contribute to for-credit projects working on sustainability in a community,
locally or internationally. The definition of community-engaged learning used by the inventory was
adopted to align with the definition of CEL set out in the previously mentioned U of T white paper on
experiential learning. CEL is viewed as an experiential learning activity “in which students contribute
to meaningful projects within a community for the purpose of addressing existing needs of individuals,
agencies or organizations that are not currently being met, as well as enhancing student learning and
development” [8]. CEL opportunities are a type of living lab activity in which students contribute
solutions to real sustainability challenges with the guidance of external partners.

To identify CEL sustainability courses, we again used a keyword search methodology.
This methodology was used for the same reasons as for the SCI, however different keywords were
needed to identify CEL courses. The CEL keywords were: *placement, *community, *experiential,
*internship, *partner, *client, and *service. The ESE team then assessed the search results by reading
each course description and documented the courses which satisfied two criteria: (1) they explicitly
mentioned integration of CEL, and (2) they included CEL opportunities that were likely to address
challenges related to sustainability. In an effort to foster a community of sustainability educators and
partners at the university, the instructor name(s), email(s), and max course enrolment were recorded
where available. The CEL sustainability inventory was developed separately from the SCI because
CEL courses offer an educational experience for which students may search specifically.

A challenge that arose when developing this inventory methodology was the level of subjectivity
present in the second screening criteria mentioned above. Information about the projects students
would work on was not available to our team because (1) the variety of projects possible in a course
is not listed in the course descriptions; and (2) a centralized list of all community partners involved
in curricular projects does not exist at U of T. Thus, without knowing the partners involved, nor the
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projects offered, we were required to assess whether a course captured by the CEL keywords was likely
to have sustainability focused placement opportunities. The difficulty of this judgement is seen in the
course APS111: Engineering Strategies & Practice I. One group of engineering students in APS111
(Engineering Strategies & Practice I) may design a net-positive student space for a client, but a different
cohort in the same course designs a production line process. Our team decided to apply an inclusive
filter wherein the potential presence of sustainability projects was sufficient for inclusion in the CEL
inventory. In this instance, APS111 was included in the inventory.

Another challenge, which also appeared with the SCI, was organizing CEL inventory data in
a way that communicated the strengths and gaps present in the current course offerings. Colleagues
at the Center for Community Partnerships, a U of T administrative unit focused on developing
experiential learning opportunities, recommended the “Global Work Integrated Learning (WIL)
Curricular Framework” [1]. This framework allowed the ESE to cluster the CEL inventory based on
“type” of placement, such as Applied Learning versus Internship courses. We further refined the
data by sorting the courses by academic division. The clustering achieved its purpose—as will be
discussed in the result section—thus we highly recommend seeking out clustering frameworks that
prove relevant to each HEI context.

3.3. Sustainability Co-Curricular and Extracurricular Inventory Method

The Sustainability Co-Curricular and Extracurricular Inventory is a two-part inventory which lists
all non-course-based sustainability opportunities for students at U of T. The first part of the inventory
is a list of the sustainability-focused co-curricular activities at the university which are recognized
by the U of T Co-curricular Record (CCR) [57]. The CCR is a database of student clubs, programs,
and other co-curricular opportunities maintained by central administration. If students participate in
a CCR recognized club, they can gain distinction for extra-curricular involvement on their academic
record. The ESE believes that increasing the visibility of these opportunities through inventory work is
an effective way to expand student engagement because such participation is already incentivized by
the University.

The Co-Curricular Inventory was developed using the same SDG keyword-search methodology
as the SCI. The keywords were searched in the Opportunity Directory on the CCR website.

The second part of the inventory is a list of sustainability-focused student groups at the U of T St.
George campus. It was developed in a collaborative effort with the Sustainability Commission of the
University of Toronto Students Union (SCUTSU) and the University of Toronto Sustainability Office
(UTSO), to provide a shareable resource for students. It lists all sustainability-focused extracurricular
student groups at the university, including those that are not recognized by the CCR. Given U of
T’s scale, the ESE believed creating this resource would render club initiative operating in disparate
corners of the university visible to one another, thus opening potential for collaboration between
student groups on sustainability projects.

The extracurricular inventory was developed by reading club descriptions on ULife, the official U
of T online clubs directory [58], by canvassing interpersonal student group networks, and through
other university websites and networks. The inventory is organized by affiliation or topic, including
subject-focused groups, college-based groups, and student unions.

4. Results

4.1. Sustainability Course Inventory Results

The SCI found 2022 sustainability courses, which represents 25% of the 8158 undergraduate courses
offered at U of T. Unique courses were defined as a course with a unique course code in its term
(i.e., Fall or Winter). Different lecture sections of the same course were not counted as unique. The U of
T SCI documents the following information: course code, course title, credits, campus, department, term,
year level, total number of SDGs, keywords, the SDG(s) to which the course is related, and a link to the
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course description. A sample page of the inventory is provided in Figure 1. The inventory is hosted on the
website of the U of T Sustainability Office, available at: http://www.fs.utoronto.ca/SustainabilityOffice/
Resources/SustainabilityCourses (See Supplementary Materials).

Course Code Course Title Campus Department Term SDGs Covered 

WGS347H5 
Indigenous Feminisms and 
Decolonization 

Mississauga Historical Studies 
2018 
Fall 

SDG 5, SDG 16 

CIV401H1 
Design and Optimization of 
Hydro and Wind Electric 
Plants 

St. George Civil Engineering 
2018 
Fall 

SDG 7 

CHM211H5 
Fundamentals of Analytical 
Chemistry 

Mississauga 
Chemical and 
Physical Sciences 

2018 
Fall 

SDG 13 

RLG213H1 Reading Sacred Texts St. George 
Department for the 
Study of Religion 

2018 
Fall 

SDG 13 

MIE516H1 Combustion and Fuels St. George 
Mechanical & 
Industrial 
Engineering 

2018 
Fall 

SDG 9, SDG 14, 
SDG 15 

HMB441H1 Genetics of Human Disease St. George 
Human Biology 
Program 

2018 
Fall 

SDG 3 

ESS462H1 Global Biogeochemical Cycles St. George Earth Sciences 
2018 
Fall 

SDG 14 

WGS451H1 
Independent Study in Women 
and Gender Studies Issues 

St. George 
Women and Gender 
Studies Institute 

2018 
Fall 

SDG 5 

JGE331H1 
Resource and Environmental 
Theory 

St. George 
Geography and 
Planning 

2018 
Fall 

SDG 13, SDG 14, 
SDG 15, SDG 16 

Figure 1. A condensed sample page of the University of Toronto (U of T) Sustainability Course
Inventory. (SDG = Sustainable Development Goal).

The SCI was compared with results from other Canadian HEIs that report sustainability courses
through AASHE STARS [59]. Figure 2 shows that the maximum percentage of undergraduate courses
that are sustainability course offerings is 32%, the minimum is 1%, and the median is 10%. U of T is
in the upper quartile of these institutions. However it is difficult to draw conclusions by comparing
inventory results with other self-reporting HEIs, because institutions may use different definitions of
“sustainability courses” and different methods for identifying and counting courses.

The sustainability courses are found in six academic divisions across the university’s three campuses.
The Faculty of Kinesiology & Physical Health is the only division which offers undergraduate courses
but does not have any identified sustainability courses. Table 2 shows the repartition of sustainability
courses by division and year level.

The inventory reveals that most sustainability courses at U of T are third- and fourth-year courses
(42% and 30% of all sustainability courses, respectively). Most divisions offer the most sustainability
courses in third year, however the Faculty of Applied Science & Engineering (FASE) offers significantly
more sustainability courses (58%) in fourth year. This is for several reasons: some FASE 400-level
courses are undergraduate/graduate mixed classes; the largest number of engineering courses are
offered in fourth year overall; and, all engineering students take a fourth-year capstone design course
which generally considers some aspect of sustainability.

Part of the work of creating the SCI included identifying the total number of undergraduate courses
offered as this information was not readily available from university administration. Table 3 presents the
number sustainability courses as a portion of total undergraduate courses by division and year level.
These findings reveal that whereas the Faculty of Arts and Science (FAS) offers the most sustainability
courses overall, there is a higher concentration of sustainability courses in the Faculty of Applied Science
& Engineering (FASE), University of Toronto Mississauga (UTM), University of Toronto Scarborough
(UTSC), and the John H. Daniels Faculty of Architecture, Landscape, & Design (FALD).

247



Sustainability 2019, 11, 530

The highest concentration of sustainability courses is in FALD, in which 47% of undergraduate
courses contain sustainability content. Impressively, 67% of third-year courses offered by FALD include
sustainability content, compared to 30% of third-year courses across the university.

Tables 2 and 3 show that just 8% of all sustainability courses are offered in first year, which
represents 18% of all 100-level courses. However, further research found that these courses have high
enrolment; therefore, they are important for future curriculum innovation initiatives as they have the
capacity to reach many students.

The SCI findings reveal that the most common SDG content in U of T sustainability courses are
Goals 13 (climate change), 16 (peaceful and inclusive societies), and 5 (health, well-being) (Figure 3).
These SDGs are represented in 25%, 20%, and 19% of total courses in the inventory respectively.
These results reflect the focus of sustainability courses across U of T, however the results may be more
useful at the divisional or departmental level.

Figure 2. Percentage of undergraduate sustainability course offerings at Canadian higher education
institutions (HEIs) with data from the Advancement of Sustainability in Higher Education Sustainability
Tracking, Assessment, and Rating System (AASHE STARS) [59]. Courses that include sustainability
encompass both “sustainability courses” and “courses that include sustainability” in the STARS
framework. The cross represents the mean of the data; the blue dot indicates the U of T Sustainability
Course Inventory (SCI).

Table 2. Representation of undergraduate sustainability courses by academic division and year level.

Academic Division 100-Level 200-Level 300-Level 400+ Level 1 Total

Faculty of Arts and Science 81 174 329 260 844

Faculty of Applied Science & Engineering 10 18 46 116 190

University of Toronto Mississauga 29 102 235 111 477

University of Toronto Scarborough 32 122 202 104 460

Faculty of Music 0 1 2 4 7

John H. Daniels Faculty of Architecture,
Landscape, & Design 4 6 29 5 44

Faculty of Kinesiology & Physical
Education 0 0 0 0 0

Total 156 423 843 600 2022

1 400+ Level courses refer to both undergraduate and mixed undergraduate/graduate courses.
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Table 3. Portion of sustainability courses by academic division and year level.

Academic Division 100-Level 200-Level 300-Level 400+ Level Total

Faculty of Arts and Science 24% 23% 26% 20% 23%

Faculty of Applied Science & Engineering 23% 22% 30% 49% 37%

University of Toronto Mississauga 25% 26% 37% 26% 30%

University of Toronto Scarborough 12% 32% 35% 22% 27%

Faculty of Music 0% 1% 2% 2% 1%

John H. Daniels Faculty of Architecture,
Landscape, & Design 44% 25% 67% 28% 47%

Faculty of Kinesiology & Physical
Education 0% 0% 0% 0% 0%

Total 18% 24% 30% 22% 25%

 
Figure 3. Number of sustainability courses covering each SDG. Note that courses may cover more than
one SDG.

On the level of the academic division, emphasis on SDGs in particular subject areas becomes
more apparent. For instance, in UTSC, UTM, and the Faculty of Arts and Science at UTSG, SDG 3
(health, well-being) and SDG 5 (gender equality) together represent more than half of the sustainability
courses. In the Faculty of Applied Science and Engineering, more than half of the sustainability courses
are represented under SDG 9 (sustainable infrastructure and innovation) and another quarter under
SDG 7 (sustainable energy). Another interesting finding of the SDGs by subject area is that SDG 13
(climate change) does not represent the majority of sustainability courses in any one academic division,
despite being the most represented SDG in the inventory.

Further analysis of the inventory sought to identify bias in the course results which may have
resulted from using different numbers of keywords for each SDG. No relationship was found between
the ratio of number of courses to number of keywords between different SDGs. The ratio of courses per
keyword varied from 17 courses per keyword for SDG 7 (6 keywords) and 162 courses per keyword
for SDG 3 (2 keywords).

The number of SDGs covered by a course was considered indicative of the degree of sustainability
focus in the course. Many SDGs suggests that the course is multidisciplinary and teaches many
sustainability issues. Further, the research efforts at Yale University which used the SDGs to identify
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sustainability scholarship found that using the SDGs as a clustering scheme is a productive way to
identify transdisciplinary connections and build sustainability networks [2].

4.2. CEL Sustainability Inventory Results

The CEL Sustainability Inventory includes 154 CEL courses with sustainability content at U of T,
which represents 36% of the 425 CEL courses identified by the keyword search. The CEL Sustainability
includes course code, course title, credits, campus, department, term, division, associated keywords,
and a hyperlink to the course description. A sample page from the inventory is provided in Figure 4.

Course 
Code Course Title Campus Department Term Division 

CSC454H1 
The Business of 
Software 

St. George Computer Science 2019 Winter 
Faculty of Arts 
and Science 

SOC315H1 Domestic Violence St. George Sociology 2019 Winter 
Faculty of Arts 
and Science 

HST330H1 Population Health St. George University College 2019 Winter 
Faculty of Arts 
and Science 

GGR313H5 Gender and the City Mississauga Geography 2019 Winter 
University of 
Toronto 
Mississauga 

WRI411H5 
Professional Writing 
and Communication 
Internship II 

Mississauga 
Institute of 
Communication 
and Culture 

2019 Winter 
University of 
Toronto 
Mississauga 

CHM399Y5 
Research 
Opportunity 
Program 

Mississauga 
Chemical and 
Physical Sciences 

2019 Winter 
University of 
Toronto 
Mississauga 

FRED06H3 
Language Practice 
VIII: Oral French 

Scarborough 
Centre for French 
and Linguistics 
(UTSC) 

2019 Winter 
University of 
Toronto 
Scarborough 

CCT410H5 CCIT Internship I Mississauga 
Institute of 
Communication 
and Culture 

2019 Winter 
University of 
Toronto 
Mississauga 

MIE315H1 
Design for the 
Environment 

St. George 
Mechanical & 
Industrial 
Engineering 

2019 Winter 
Faculty of 
Applied Science & 
Engineering 

CIV523H1 Geotechnical Design St. George Civil Engineering 2019 Winter 
Faculty of 
Applied Science & 
Engineering 

Figure 4. A condensed sample page of the U of T community-engaged learning (CEL) Sustainability Inventory.

Table 4 summarizes the CEL Sustainability Inventory by academic division, summarizing the
faculty teaching CEL, across how many courses, and the total student enrolment therein. The courses
are also tagged using an adapted version of McRae and Johnson’s Global Work-Integrated Learning
Framework [1], summarized in Table 5. The framework was changed to exclude the categories
Apprenticeship, Clinic, and Co-op as they did not align with our definition of CEL.

Table 5 reveals how clustering the CEL inventory reveals gaps and trends in CEL sustainability
course offerings. For example:

(1) The Faculty of Applied Science & Engineering offers vast Applied Research Sustainability
CEL courses.

(2) The University of Toronto Scarborough does not offer any Sustainability Internship courses,
whereas these courses make up over half (58%) of the University of Toronto Mississauga
Sustainability CEL offerings.
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(3) Applied Research Sustainability courses only comprise 16% of all Sustainability CEL courses at U
of T. Curricular Community Service Learning and Internship offerings are predominant with 36%
and 27% of total U of T Sustainability CEL courses respectively.

Table 4. Number of faculty, sustainability community-engaged learning (CEL) courses, and max
enrolment in sustainability CEL courses.

Academic Division
Instructors Teaching
Sustainability CEL

Total Sustainability
CEL Courses

Max Student
Enrolment

Faculty of Arts and Science 34 63 1783

Faculty of Applied Science &
Engineering 18 15 1492

University of Toronto Mississauga 24 38 1173

University of Toronto Scarborough 10 34 878

Faculty of Music 0 0 0

John H. Daniels Faculty of
Architecture, Landscape, & Design N/A 1 3 20

Total 86 154 5346

1 Instructors were identified as available on the U of T Course Finder. Instructor names were not available for the
Faculty of Architecture at the time of the inventory, and therefore were not counted.

Table 5. Sustainability CEL courses clustered into categories from McRae and Johnson’s Global
Work-Integrated Learning Framework [1].

Academic Division
Applied
Research

Curricular
Community

Service Learning
Internship

Field
Placement

Practicum/Clinical
Placement

Work
Experience

Faculty of Arts and
Science 6 29 16 2 7 3

Faculty of Applied
Science & Engineering 12 2 2 0 0 0

University of Toronto
Mississauga 2 10 22 0 3 1

University of Toronto
Scarborough 5 14 0 0 12 3

Faculty of Music 0 0 0 0 0 0

John H. Daniels Faculty
of Architecture,
Landscape, & Design

0 1 2 0 0 0

Total 25 56 42 2 22 7

These data are highly instrumental and compelling. They are the raw data with which curricula
interventions could be justified. As a concrete example, the ESE argued in its Annual Report (2017)
that there is clearly potential to expand the amount of Applied Research course offerings on the
Mississauga and Scarborough campuses, and fortunately these may be the easiest to develop. Applied
Research courses like ENV461 (The U of T Campus as a Living Lab of Sustainability) pull clients from
the everyday operating departments of the University itself. In other words, the projects and clients
are already present on campus. All that remains is finding a faculty member willing to organize the
clients and evaluate the students’ work.

The ESE explored the relationship between the results of our SCI inventory and the CEL inventory.
Initially, the team’s assumed that if we used Excel to cross-reference the inventories and reveal duplicates
that many courses would appear. Both inventories capture sustainability courses, but with different
sets of keywords as outlined in the methodology sections of both inventories. Yet, in cross-referencing
the 2022 SDG courses with the 154 CEL courses the ESE team found only 65 courses that conformed
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to both sets of keywords. The disconnect between perception and the inventory’s reality was found in
the particular language used in CEL course descriptions. These course descriptions were often general
about the types of projects or placements offered because they change regularly. The SDG keywords
sought to capture substantive phrases which were not found in the course descriptions and therefore
there is limited intersection between the inventories.

4.3. Sustainability Co-Curricular and Extracurricular Inventory Results

The Sustainability Co-Curricular Inventory keyword search identified 263 sustainability-focused
opportunities for students which are approved for the university’s Co-Curricular Record. The CCR
inventory includes the name of the opportunity, number of positions available to students, keywords,
related SDGs, and a hyperlink to a description of the position.

In the Extracurricular Inventory 67 sustainability-focused student groups were identified with
the help of the Students Union Sustainability Commission and other sustainability student networks.
It includes the group name, how the group was identified for the inventory, and the school year that
the contact was last updated. The inventory also includes personal contact information for the club
executives to help interested students contact the clubs directly to become involved.

These two inventory lists are not mutually exclusive, however they meet two different objectives
for students searching for sustainability-focused opportunities. Student networks have reported
to us that they look for CCR opportunities when they are searching for official work placements
or internships, whereas they look for lower-commitment, student group involvement on the ULife
website and other club listings. Sample pages of the Co-Curricular and Student Groups Inventory are
provided in Figure 5.

The ESE is pleased to report that the Sustainability Commission of the University of Toronto
Students Union used the first version of our Extracurricular Inventory to hold Sustainability
Commissions throughout the 2017–2018 school year. Sustainability student groups were identified
and brought together for a visioning process to identify gaps in U of T’s sustainability infrastructure.
Projects to reduce energy consumption, expand composting programs, and reduce food packaging were
undertaken and student leaders pledged the unique resources of their clubs in a deeply collaborative
manner. We believe this is an excellent first step towards creating a network of sustainability champions
at U of T.

(a) 

Group Source Contact Last Updated (Academic 
Year) 

General Sustainability 
University of Toronto Environmental 
Resource Network 

Website 2017–2018 

University of Toronto Student Union 
Sustainability Commission 

SO Connection 2017–2018 

Environmental Justice Collective  ULife 2016–2017 

Leap Chapter UofT  ULife 2017–2018 

Regenisis UofT  2016–2017 

Greenpeace Student Network  2016–2017 

UofT Environmental Action UTERN 2016–2017 

Figure 5. Cont.
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(b) 

Activity Positions SDGs Covered 

Development League, Faculty of Kinesiology 
& Physical Education 

1 SDG 4 

Urban Non-Violent Initiatives Through Youth 
(UNITY), Student Organization 

8 SDG 11, SDG 13 

Waawaahte Northern Lights Initiative 1 SDG 4 
ILead: Graduate Group, Faculty of Applied 
Science & Engineering 

7 SDG 2 

Student Staff, Factor-Inwentash Faculty of 
Social Work 

N/A SDG 3, SDG 4, SDG 5 

Urban Studies Student Union (URSSU), 
Student Organization 

7 SDG 11, SDG 12 

Student Staff, John H. Daniels Architecture, 
Landscape & Design 

N/A 
SDG 4, SDG 6, SDG 9, SDG 11, 
SDG 12, SDG 13, SDG 14, SDG 15 

Camp U of T 1 SDG 3, SDG 13 

Rotman Commerce Pride Alliance, Student 
Life—Rotman Commerce, Student 
Organizations 

6 SDG 4 

Figure 5. Condensed sample pages of the U of T (a) Co-Curricular and (b) Extracurricular Sustainability
Inventory. Student contacts have been omitted for privacy.

5. Ongoing and Future Work

The creation of the three sustainability inventories is a fundamental step towards the third objective of
the ESE, to develop sustainability pathways accessible to all students within their degree program. We have
developed a proposal for a three-tiered pathways program which uses the inventories to identify curricular
and non-curricular opportunities for student engagement in sustainability. The first tier, Sustainability
Citizen, acknowledges co-curricular and extracurricular involvement in sustainability extracurricular
activities. The second, Sustainability Scholar, is a curricular pathway where students would earn a certificate
for completing a trajectory of existing for-credit courses. The third, Sustainability Leader, is a more
intensive pathway through which students follow a trajectory of co-curricular activities, curricular courses,
international experience, and a capstone course. The SCI is a central tool for the development of such
Sustainability Scholar and Sustainability Leader programs. The number of SDGs to which a course is
tagged can be used to indicate the degree to which they are sustainability-focused, and a variety of SDGs
can be represented in each pathway to ensure interdisciplinary groups of courses. Similarly, the CEL
Sustainability Inventory and Sustainability Co-curricular and Extracurricular Inventories are critical to lists
of opportunities for building the Sustainability Citizen and Sustainability Leader pathways. Work on the
pathways is ongoing within several academic divisions at the university.

Beyond contributing to the development of sustainability pathways, future work for the ESE
includes confirming the results of the SCI through a survey of all faculty and instructors. This feedback
will help validate the results of the keyword search, identify any courses not found through the search,
and flag any courses which contained the keywords but which the instructor does not believe is
a sustainability course. Challenges exist to releasing such a survey due to the university’s restrictions
on mass emails to faculty and staff.

Additionally, future work exists to make the inventories highly accessible to students. In addition
to hosting the SCI on the website of the UTSO, we hope future developments will allow the inventory
to be integrated into U of T’s major course selection platforms, making sustainability course options
more visible to students.
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We hope to expand the SCI to include graduate courses. There is not a central catalogue of
graduate courses and therefore this demands increased resources. If it is not possible to conduct
a keyword search, a different inventory method could be investigated.

To continue building a community of sustainability educators at the university, and to increase
experiential learning opportunities in sustainability, a workshop is being planned in collaboration with
the U of T Centre for Community Partnerships to help instructors identify methods to increase CEL in
their courses.

6. Conclusions

There is growing movement for universities to take a more active role in society by conducting
solution-driven research and engaging with community partners, for the benefit of both students and
the broader community [4,5,20]. In 2017, the University of Toronto formed a Presidential Advisory
Committee on Environment, Climate Change, and Sustainability which set goals for the university
to contribute [3]. Under the directive of the Curriculum Innovation subcommittee of the CECCS,
the Expanded Student Engagement project set out four goals to identify sustainability content in the
undergraduate curriculum and to provide guidance towards creating a transformative sustainability
education through experiential learning.

The first goal—creating a set of sustainability inventories—was achieved. A keyword search
methodology was developed using 16 of the 17 UN Sustainable Development Goals to create an SCI.
The number of 2022 undergraduate sustainability courses was identified, 25% of all undergraduate
courses. Further, a CEL Sustainability Inventory was developed which identified 154 CEL courses
with sustainability content. These courses were clustered by type of learning activity using an adapted
version of McRae and Johnson’s Global Work-Integrated Learning Framework. Finally, inventories
were developed of sustainability-focused co-curricular and extracurricular opportunities available
to students at the university. Two hundred and sixty three university-recognized opportunities and
67 student groups were identified. These inventory methods, now in place, are designed to be easily
updated in future years. These course inventory methodologies are some of the first presented in the
literature and may be useful to other HEIs who wish to undertake a similar initiative. The second
goal—creating a list of faculty teaching sustainability and sustainability-CEL courses—was achieved
through the SCI and CEL Sustainability Inventory. During the keyword search, faculty teaching of
each sustainability course was identified. This list has been made available to the CECCS.

The ESE’s future research developments and goals focus on the third and fourth goal. The third
goal is to contribute to the creation of curricular sustainability pathways for all U of T students. Several
steps forward have been made towards this goal by using the course inventories to inform strategies
for pathways courses and engagement opportunities. As described above, the ESE will continue
to work with the CECCS to further develop the pathways. Finally, the fourth goal of the ESE is to
develop more curricular and co-curricular student engagement opportunities related to sustainability.
The creation of the CEL Sustainability Inventory is a necessary first step to identify courses where these
opportunities can be provided and the ESE is currently working on hosting workshops to develop
these opportunities further.

The inventories work as infrastructure to support a bottom-up groundswell of sustainability
engagement in the University of Toronto. They are designed to connect instructors who teach
sustainability and CEL content, enhance sustainability programs through collaboration, provide
a meaningful tool for curriculum innovation in sustainability, increase student enrolment in
sustainability courses by effectively communicating their presence, and increase awareness of
opportunities in sustainability outside of the classroom. Clustering the inventories highlights the gaps,
unexpected connections, and areas of growth for sustainability initiatives from actors across HEIs.
Hence, through achieving the above four goals, the ESE hopes to meaningfully support the integration
of sustainability content into all aspects of students’ academic experience at U of T. If the ESE is
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successful, a new generation of leaders will have the opportunity and tools to address sustainability
challenges faced in our local and global communities.

Supplementary Materials: The complete U of T Sustainability Course Inventory is available online at: http:
//www.fs.utoronto.ca/SustainabilityOffice/Resources/SustainabilityCourses.
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Abstract: The UN Sustainable Development Goals (SDGs) present a global agenda addressing social,
economic, and environmental challenges in a holistic approach. Universities can contribute to
the implementation of the SDGs by providing know-how and best-practice examples to support
implementation and by integrating issues of sustainability into their operations, research, education,
and science-society interactions. In most of the signatory countries of the Agenda 2030, an overview
of the extent to which universities have already addressed the SDGs in research is not available.
Using the example of universities in Austria, this study presents a tool to map research that addresses
sustainability topics as defined by the SDGs. The results of an analysis of scientific projects and
publications show current focus areas of SDG related research. Research on SDG 3 (Good Health and
Well-Being) and SDG 4 (Quality Education) is well represented by universities in Austria, while other
SDGs, such as SDG 1 (No Poverty) or SDG 14 (Life Below Water), are under-represented research
fields. We anticipate the results will support universities in identifying the thematic orientation
of their research in the framework of the SDGs. This information can facilitate inter-university
cooperation to address the challenge of implementing the SDGs.

Keywords: SDGs; agenda 2030; higher education; responsible science; grand challenges; keyword
search; research database; interdisciplinarity; university cooperation; sustainable development goals
and universities

1. Introduction

The Anthropocene is the epoch characterised by steadily increasing human impact on all natural
environmental systems [1]. The effects of human activity on ecosystems have caused an overshoot of
planetary boundaries in many cases [2], which results in environmental, social, and technical challenges,
such as the loss of biodiversity or structural changes in society and technology. Typically, these change
processes are marked by high complexity, resulting from multiple interactions and interdependencies
among themselves [3]. To cope with such complex challenges, integrated approaches to sustainable
development and integration of stakeholders at all levels is necessary. Here, the UN Sustainable
Development Goals (SDGs) present a global political agenda, which addresses a range of social,
economic, and environmental challenges [4]. Building upon the UN Millennium Development
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Goals (MDGs) [5], the 17 SDGs, with their 169 targets, aim towards more sustainable lifestyles,
economic patterns, and provision of ecosystem services. Like many other nations, Austria has pledged
the implementation of the SDGs on a national level [6]. The need for a holistic commitment to
the SDGs by integrated policy approaches that respect interdependencies between sustainability
challenges was outlined [7–9]. To make the extensive SDG package more easily accessible, different
clustering approaches were suggested, aiming to reduce the complexities of the original UN framework.
Considering these clusters, SDGs could be grouped according to systems [10], such as ‘Energy and
climate’ (SDGs 7 and 13), ‘Agriculture, food, and terrestrial’ (SDGs 2 and 15), or ‘Economic development
and equity’ (SDGs 1, 5, 8, 9, and 11). Other approaches interlink SDGs according to their functions, such
as ‘Social objectives’ (SDGs 1, 3, 4, 5, and 10), ‘Economy’ (SDGs 8, 9, 11, and 12), or ‘Environment’ (SDGs
13, 14, and 15) [10,11]. Despite these efforts, political strategies are often still ‘siloed’ and tackle single
issues instead of packages of topics [7], and achievement of the SDGs is still far off. To systematically
measure the success of SDG implementation in different countries, a set of indicators was introduced by
the UN [12] and broken down to different levels, such as the European Union [13] or nation states [14].
These indicators guide countries with distinct statistics to define their contributions to fulfilling the
Agenda 2030. Until now, the performance of all 193 global UN member states is generally situated on a
low level, and not a single country is on track towards achieving all SDGs [15]. Many countries, among
them Austria, reach an ecological footprint far beyond the worldwide bio-capacity [16]. Life-cycle
analyses show that Austria exceeds its natural budget by even higher factors [17]. In light of these
facts, there is clearly still a long way to go towards fulfilment of the SDGs. Efforts must be made in
various realms and areas of societal and political, as well as educational and scientific, life.

When thinking about implementing the SDGs, higher education institutions (HEIs) have a major
responsibility to act as a driving force [18–21]. Scientifically, the SDG framework is understood neither
as a substitute nor as a final solution for the process of critically discussing sustainable development,
which remains a basic scientific duty. However, the SDGs represent a helpful momentum to introduce
sustainable development to universities, who can contribute to this topic in a variety of ways: Basic and
applied research can address real-world problems, societal needs, mind sets, and technologies necessary
to break new ground of and for sustainability. Moreover, it can ask curiosity-driven questions that have
not been asked before [22] and support the co-production of knowledge that needs to develop further
in the relevant scientific fields [23]. HEIs can take on a role as change agents for societal transformation
at the interface between scientific, political, and societal stakeholders and institutions. In this context,
knowledge production should be understood as a participative process, transforming science from
‘research that informs’ towards ‘research that transforms’ [20].

To support societal change, systemic views across disciplines are needed [20]. Not only in research,
but also in education, this holistic view is essential to educate future decision makers in critical and
system thinking. Thus, HEIs can substantially contribute to strengthening sustainable development by
integrating issues of sustainability into research, education, and science-society interaction, fostering
reflective thinking, and supporting students in developing the skills to cope with complex problems,
like Global Grand Challenges [8,21,24]. Students are often change agents, who drive sustainability
movements at universities. Thus, they play a vital role in transforming HEIs, while at the same
time experiencing and learning how to implement sustainability practices in their surroundings [25].
Further, HEIs can model sustainability practices for society, like implementing sustainable measures
on the campus itself, and thus, as a first mover, they offer a leading example for practical processes of
sustainability implementation [26].

Moving out of the campuses and labs, HEIs further interact with policy and fields of implementation
of sustainability measures. Therefore, on the one hand, governmental support and strong partnerships are
needed to strengthen HEIs as important drivers of sustainable development, [20]. On the other hand, HEIs
can inform public policy regarding sustainable development and provide the knowledge base necessary for
decision making and developing options for sustainability pathways [22]. Therefore, links and partnerships
between political and scientific players need to be strengthened [8].
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To summarise, HEIs can support an implementation of SDGs through:

• Performing problem-oriented real-world research;
• critically reflecting the SDGs and associated measures;
• educating future decision makers by fostering critical and systems-thinking;
• offering best-practice examples for sustainable development on campus; and
• strengthening the nexus at the policy-science-society interfaces.

To support HEIs in these tasks, the Austrian network, ‘Alliance for Sustainable Universities’,
has initiated the project, UniNEtZ—Universitäten und nachhaltige Entwicklungsziele (translation:
Universities and Sustainable Development Goals). This project aims at strengthening cooperation and
networks between universities to integrate sustainable development as framed by the SDGs into
research and education. Further, UniNEtZ aims to strengthen the interactions between science,
society, and policy. In the sense of a value oriented third mission of universities [27,28], the project
finally aims at signposting options for actions to political and societal decision makers regarding the
implementation of SDGs in Austria, thus going far beyond a pure, classical assessment report of focus
areas of research in the fields of the SDGs. The participating universities take over responsibility for
the coordination of research, education, and communication activities on different SDGs. Steps taken
so far have included numerous meetings between participating universities to develop the project
as well as extensive negotiations with the relevant political stakeholders. Interlinkages between
SDGs and targets are of particular importance to develop options that are compatible with multiple
SDGs. By means of multiplication of sustainability topics into the education system, students and
teacher educators will be involved into these activities as well. Several discussions between the
participating universities have been dedicated to the question of how education for sustainable
development can be fostered at universities. Sustainability issues should be integrated into training,
study programmes from Bachelor up to PhD, teacher education, and life-long learning offers for
alumni groups. A strong collaboration with political stakeholders, an incorporation of SDGs into
the universities’ structures, and the knowledge of available competencies and initiatives in the field
of sustainability research, amongst others, have been identified as factors of success of UniNEtZ.
Against this background, the aims of the project require knowledge about existing expertise in the
research field of sustainable development, identifying both focus areas and topics that are hitherto
underrepresented. This knowledge might help to detect focus research fields that can already provide
support for political decisions with regard to the SDGs, and identify other research fields that still
need to be strengthened to provide specific options for political action. Furthermore, this information
provides docking points for establishing networks between different HEIs or research institutions that
collaborate in implementing the SDGs.

However, an analysis of the extent to which universities in Austria have already addressed
the SDGs in research is not available yet. Our study investigates how the SDGs are represented in
the current Austrian research landscape in order to build upon existing expertise. For this purpose,
digital mapping was conducted with thirteen universities in Austria to find current focus areas of
sustainability research. The approach of this study is to develop a tool to map sustainability efforts in
research at HEIs, based on the definition of sustainable development proposed by the SDGs. This tool
can easily be adapted for similar analyses for other institutions and internationally to also map research
activities on the SDGs on an even wider scale.

2. Materials and Methods

With the overall aim to identify SDG related focus areas of academia in Austria, the study
design grounds on a keyword search, utilising an iteratively developed database of SDG terminology
(Figure 1). The keyword search was applied to map scientific publications and research projects of the
participating universities from the period, 2013–2017. This period was chosen because it encompasses
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the most recent activities, which—given an average project run time of three years—ended no more
than two years before.

Figure 1. Work flow and study design for the Sustainable Development Goals (SDG) mapping of research
activities of universities in Austria.

2.1. Data Basis

For the analysis, datasets from 13 universities in Austria (of 22 universities in Austria
overall) with major, technical, artistic, musical, or medical scope were available, comprising about
155,000 publications and 17,000 projects in total. These datasets were extracted from the internal
research documentation systems of the universities (IRDS). To ensure homogeneous data, some
requirements for the provided datasets were defined for all universities. As a minimum, datasets
included title, ID, authors, type of publication, publication year, and, as far as available, abstracts or
project descriptions.

2.2. Keyword Catalogue

To map current research activities on the SDGs, a detailed keyword catalogue was developed.
The official documents on the UN Sustainable Development Goals [4], including the 169 targets, were
screened for prevalent words. In a semantic approach, synonyms were derived from these basic
words. Additionally, the list was matched with existing catalogues [29]. In an interdisciplinary process,
including stakeholders from the partner universities, the SDG keyword catalogue was continuously
discussed and developed. To improve the suitability and accuracy of the catalogue with regards to
the SDGs, the keywords were tested in an iterative process. In a test run, keywords were applied to a
database from one of the universities and then manually screened for errors. Some keywords were
excluded from the list because the range of hits was too broad. As a consequence, publications and
projects unrelated to the SDGs were identified by the algorithm. Other keywords had to be generalised
because terminologies defined too narrowly did not deliver any hits, whereas some words had to be
used in collocations to avoid misleading hits (Table 1). In the scope of this publication/project, the term,
‘hits’, refers to publications/projects with relation to SDGs. If several keywords within one SDG match
a publication/project, this publication/project is counted as just one single hit. Publications/projects
that are assigned to various SDGs are counted as one hit each in all of the relevant SDGs. After this
transparent and participative process, the final catalogue comprised a total of ca. 1000 keywords,
formulated in English and German.
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Table 1. Examples from the keyword list, with applied keywords and excluded terminologies.

Keyword SDG Comment

breadline 1 tested and validated
sustainable agriculture 2 tested and validated
untreated wastewater 6 tested and validated
coral bleaching 14 tested and validated

mental health 3

tested and validated
collocation, adapted from ‘mental’, because of word confusion:
‘Mental’ can be misleading when a component of other words,
e.g., ‘fundamental’

care 4 excluded, because of word confusion: ‘Care’ can be misleading
when a component of other words, e.g., ‘calcareous alps’

emissions 7 excluded, because not precise enough, leading to unsuitable hits

2.3. Keyword Search

The Python programming language was used to import the datasets into a PostgreSQL database
and run queries to filter publications and projects matching the developed SDG keyword list.
For the search, keywords were reduced to word roots, allowing the identification of word variations.
The algorithm further includes Boolean operators. By applying this code, publications and projects
were automatically assigned to one or more of the 17 SDGs. We applied the search to titles and abstracts
of the datasets, as far as they were available. Through this approach, statistics on the distribution of
the SDGs were retrieved from the analysed datasets.

3. Results

To identify SDG-relevant research activities of universities in Austria, the sum of publications and
projects that generated hits in the keyword search was assumed as an indicator for the involvement of
the university in the respective SDG. The search algorithm allowed for the option of attributing the
entity of one publication or project to more than one SDG due to thematic intersections. For instance,
a publication dealing with climate change education could be assigned to both SDG 4 (Quality
Education) and SDG 13 (Climate Action), as keywords from both categories create hits for the
publication. Table 2 shows the total number of analysed publications and projects (ntot) compared
to the total number of hits for all SDGs from the keyword search (nhits). About 18% of the analysed
publications and about 21% of the analysed projects are related to SDGs.

Viewing the accumulated publications for each SDG (Figure 2b), SDG 3 (Good Health and
Well-Being) shows a high percentage, followed by SDG 4 (Quality Education), SDG 15 (Life on Land),
and SDG 11 (Sustainable Cities and Communities). The analysis of projects shows a strong presence
of SDG 4 (Quality Education), followed by SDG 15 (Life on Land), SDG 11 (Sustainable Cities and
Consumption), and SDG 13 (Climate Action). Some SDGs, such as SDG 1 (No Poverty), SDG 2 (Zero
Hunger), or SDG 14 (Life Below Water), are less pronounced. While the analysis patterns are similar
for most of the SDGs when comparing the publications and projects analysis, SDG 3 is obviously more
represented in publications than in research projects. In contrast, the share of projects is higher than
the share of publications in the field of SDG 4.

As stated in Table 2, a smaller set of projects than publications was analysed with the methodology
described. For clarification, it needs to be added that some universities were not able to provide
project data as secrecy regulations and infringements hinder any analyses of project databases.
Therefore, the number of projects does not mirror the total number of projects implemented by
the 13 universities, which delivered data for the mapping.
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Table 2. Database with number of total analysed and hits for publications and research projects.
Publications/projects can refer to single SDGs (x = 1) or several SDGs (x = 2–15).

Database Publications Projects

ntot

Total no. of analysed publications/projects
154,806 17,071

npubs

Total no. of publications/projects related to SDGs
28,229 3581
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Figure 2. Publications of all universities: (a) Boxplots indicating mean and standard deviation,
red crosses indicate outliers, and (b) accumulated distribution in percent.

264



Sustainability 2018, 10, 3295

A closer look at these results reveals that there are differences in the distribution of thematic focus
areas between universities, which are indicated by the spread of the boxplot diagrams (Figures 2a and 3a).
The location of the median indicates whether this spread follows a normal distribution (median located in
the middle of the box), if there are just a few universities with a strong focus (median close to the lower
limit of the box), or only a few laggards (median close to the upper limit of the box) in the respective SDG.
For instance, there is a high share of publication hits related to SDG 3 (Figure 2b), however, the median
shown in Figure 2a is low compared to the maximum. This suggests that SDG 3 has a strong publishing
focus at a few universities, while the average is lower. These results highlight that there are some SDGs
that are rather well covered by universities focusing on thematic niches, however, they do not represent
the mainstream of SDG related research at universities in Austria. For example, in the case of SDG 3 (Good
Health and Well-Being), topics are mostly covered by medical universities. On the other hand, research on
SDGs, such as SDG 4 (Quality Education) and SDG 10 (Reduced Inequalities), is covered by a broad range
of universities.

 

Figure 3. Projects of all universities: (a) Boxplots indicating mean and standard deviation, red crosses
indicate outliers, and (b) accumulated distribution in percent.

4. Discussion

The study at hand draws a picture of the current focus areas of research at universities in
Austria concerning the SDGs. This quantitative assessment of publication and project activities is
considered to be an impression, not the final picture, as not all universities in Austria are represented.
Some universities in Austria have started their own efforts to analyse their SDG-related activities
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and have arrived at results with varying degrees of agreement with the results of this study. As they
applied other mapping methods, the results are not directly comparable. However, considering the
high number of analysed publications and research projects, as well as the observation period of five
years integrated into the study at hand, some statements can be derived from the general status of
research with relation to the SDGs at universities in Austria.

4.1. Discussion of the Methods

In the frame of this investigation, publications and projects have been analysed. To gain a holistic
impression of research activities, different dissemination formats of research should be considered.
For example, universities with an artistic, dramatic, or musical scope do not primarily focus on
peer-reviewed publications, but might rather disseminate scientific outcomes through other formats,
such as theatre plays or artwork. The fact that this analysis exclusively focuses on publications and
projects does not express a preference for these formats. The societal outreach of artistic formats might
even be higher in some cases [30]. However, in the frame of this study design, an analysis of other
formats was not possible, but could be the subject of further research.

Integrating education for sustainable development into HEIs plays a crucial role in SDG
implementation. Therefore, a similar mapping applied to those education formats addressing sustainability
topics would deliver valuable insights and help to foster a stronger integration into the education system.
The role of universities as educators for future teachers, who are multipliers of sustainability knowledge,
should be highlighted at this point. However, as the database for education formats was incomplete in
most cases, a mapping could not yet be applied and will be the subject of further research.

In addition, the selection of keywords influences the outcome. As the list of keywords comprises
about 1000 carefully selected words, the output is regarded as relatively robust. The method
can be automated to some extent and is able to handle big data sets. Further, the results are
reproducible, comparable, and replicable, and, thus, the tool can be applied to other institutions as
well. Nevertheless, a disadvantage of the application of this method in an interdisciplinary academic
approach is that the necessary steps can be quite time consuming, especially when identifying the
right keywords, reiteratively discussing keywords with experts and stakeholders, programming
software for the analysis, gaining access to the datasets, and testing the outcomes for plausibility.
Alternative methodologies could include questionnaires with stakeholders at the respective institutions.
The decision was made against such an interview approach because there could be too great a bias
in selecting interviewees based on existing cooperation, which, consequently, would not deliver
representative results. Further, only researchers that are familiar with the concept of the SDGs would
identify their publications as being relevant in this context. It was assumed that, in some cases, SDG
related research is conducted without consciously being labelled as that. Further, the method of
identifying relevant stakeholders by a snowball system bears the potential to focus on one community,
while losing sight of other stakeholders or disregarding some that have been unknown so far.
Database mapping is a commonly applied tool in research on university activities and presents
a more homogeneous approach. Stakeholders and activities that are not yet involved in the networking
activities on SDGs at universities in Austria can also be identified with this method. However, a pure
quantitative approach, like the one applied here, could ignore some facts. As the keyword search does
not include a weighing of the direct relevance of SDG research, a qualitative completion of the study
is recommended.

4.2. Discussion of the Outcomes

Generally, social and economic goals are reasonably well-represented by the SDGs, whereas
environmental targets are only slightly integrated into policy measures [31]. This trend is also
reflected by the outcomes of our study, where social objectives prevail. Because basic human needs
are underpinned by environmental systems, some argue that environmental objectives should be
mainstreamed, e.g., by integrating respective targets more strongly also into those SDGs with a social
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or economic focus [32]. Especially, goals, such as SDG 8 (Decent Work and Economic Growth), bear
the potential to be achieved through undermining the ‘Earth’s life-support system’ [32].

The strong representation of SDG 4 (Quality Education) in publications and projects across all
universities (Figures 2a and 3a) can be seen as an advantage because SDG 4 is the goal with the most
impact on all other SDGs, and is considered to influence the whole SDG system [32]. Of course, it should
be considered that this quantitative approach cannot express single research niches, which might not
stand out in the results; however, nonetheless, it delivers valuable contributions to understanding and
addressing the SDGs.

A central question that needs to be addressed is whether some sustainability goals, such as
SDG 1 (No Poverty), require more attention. Comparing the results of the study at hand with the
status of Austrian SDG achievement can deliver some insights here. According to the SDG Index
and Dashboards Report [15], Austria is ranked ninth in an international comparison between signing
parties of the Agenda 2030. It has to be noted that SDGs with indicators measuring social and economic
wellbeing are already on a comparably high level in Austria, meaning they are much closer to being
reached than in other countries with less wealth. However, SDGs by their origin are defined as
issues on a global scale, therefore, an SDG achievement of a nation, or on a national scale, must be
considered differently than an achievement on the global scale [33]. For instance, the SDG ranking
demonstrates that Austria is on a good track with SDG 1, whereas for the achievement of all other
SDGs, either significant challenges or major challenges remain (Figure 4). The good performance of
SDG 1, however, ignores the fact that economic wealth is often built on an externalisation of side-effects
in countries with worse SDG indexes. Environmental impacts of production and consumption in
industrial states are often shifted to developing countries [34]. Lim et al. further argue that SDG
1 shows some gaps, as it ‘does not facilitate the redistribution and restructuring of wealth required to
address poverty as a global issue’ [32] (p. 5). Thus, achievement of SDG 1 in one country does not
necessarily indicate progress on a global scale. There are interdependencies between SDG 1 and other
goals, such as SDG 2 (Zero Hunger) or SDG 12 (Responsible Consumption and Production), due to
spillover effects, especially generated by OECD countries in trade [15]. These spillovers generally
describe the negative or positive impacts of one country on the SDG performance of another country
and are calculated into the SDG index [35]. According to the SDG Index and Dashboards Report 2018,
‘especially high-income countries generate high environmental, economic, and security spillovers,
which undermine other countries’ efforts to achieve the SDGs’ [15] (p. 8). The low performance in SDG
12, SDG 13, and SDG 17 demonstrated in the SDG Index and Dashboards Report might be a hint that
international cooperation should be fostered in Austria, as these topics represent issues that can only
be solved on a global scale. Strengthening international cooperation on the institutional level is the
aim of SDG 17, therefore, Austria should focus more on this goal to address these unmet challenges.
These results encourage deeper research to support advancements there. The findings of the SDG
mapping at hand indicate that SDGs 12 and 13 already seem to be quite well addressed in research
projects (Figure 3b) and are covered to some extent in publication activities (Figure 2b). In contrast,
SDG 17 seems not to get the attention it needs in order to address the issues suggested in the SDG
Index and Dashboards Report [15] (Figures 2b and 3b).

Further, the SDG Index and Dashboards Report [15] suggests that advancements in SDG 14 (Life
Below Water) are necessary, as most states perform badly, including Austria. Although SDG 14 is not
of great relevance to Austria at first glance, a low performance is the result of spillover effects through
pollutants and the use of global commons, such as the ocean. Considering the low representation
of research activities in Austria related to SDG 14 (Figures 2b and 3b), additional research would be
useful to contribute to a deeper understanding of the relevant processes.
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Figure 4. Results from the SDG Index and Dashboards Report 2018 for the country profile of Austria.
The index is calculated based on the SDG indicators. Size of the icons correlates with SDG progress.
A green rating denotes SDG achievement. Yellow and orange ratings indicate that significant challenges
remain. Red indicates that major challenges must be overcome if the country is to meet the goal.
Grey: Not sufficient (less than 50%) indicator data available for the respective SDG (Source: Adapted
based on SDG Index 2018, p. 96).

5. Conclusions

The project, UniNEtZ, wants to build on existing SDG expertise and further empower universities
to fulfil their new role as transformative forces. The results of the keyword search delivered valuable
information on the status quo of university-based SDG research and aided the 13 universities in
finding their roles and responsibilities within the project. Foremost, it highlights the currently existing
SDG research competences at universities in Austria. This will be the cornerstone for formulating
options for SDG implementation and will serve as an input for integrating sustainable development
into research and education at universities in Austria. The results demonstrate that there is already
strong expertise related to specific SDGs in research. In most cases, the picture of current focus areas
in research on SDGs presented here corresponds well with the assessment of the SDG Index and
Dashboards Report (SDG Index 2018). Thus, with their focus on research fields where challenges
remain to achieve SDGs, universities in Austria seem to be able to contribute to paving the way to
support the Austrian government in meeting the SDGs. In interpreting these findings, we need to
consider that current basic research activities, which are not directly linked to the SDGs, can also
substantially contribute to the development of SDG solutions; for example, by understanding natural
and social processes or by identifying sustainability challenges. A key issue that has to be addressed
is whether research activities in Austria should focus only on those sustainability challenges which
mainly affect the country itself, or also on SDGs with indirect global interactions, such as SDG 14.

Further, the analysis provides a basis for network-building, delivering a comprehensive list of
relevant research groups for each SDG. Collaboration between different scientific disciplines and
political, as well as societal, stakeholders is key for preparing political options, even within a single
goal. This holds true especially for interlinkages between SDGs, where measures to reach one target
might jeopardise another [36]. Considering the status of the SDG Index, science could support the
monitoring of SDG advancement and achievement, especially for those SDGs that are characterised by
high complexity and mutual interactions. Further research into these SDG interactions in Austria will
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be necessary to understand the effects and consequences of each measure that is recommended by the
researchers. It will also support clustering the SDGs according to their interactions, be they synergistic
or antagonistic. Additionally, it enables evaluation of the options at hand, creating the possibility to tie
packages of options with high synergistic potential for several SDGs or no-regret-options.

The transfer with and to societal and political stakeholders is decisive for the achievement of SDGs.
For that, both scientific knowledge on the society side as well as societal knowledge on the science
side is a vital pre-requisite and, thus, mandatory. In this sense, further research could investigate the
exchange of knowledge between scientific and non-scientific stakeholders and monitor the transfer of
such knowledge into practical fields of SDG implementation.

Last, but not least, the analysis in itself helped to improve the SDG competences of participating
researchers and the project team, leading to ongoing discussions about the strengths and shortcomings
of the keyword method, along with a deeper engagement with SDG terminology.

UniNEtZ will proceed with building strong cooperation between universities in Austria, further
integrating issues of sustainability into research and education, and supporting governmental decisions.
The project aims at signposting definite opportunities for action to advance towards sustainable
development as defined by the SDGs.
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Abstract: Many higher education institutions (HEIs) have started to incorporate sustainable
development (SD) into their system. A variety of sustainability assessment tools (SATs) have been
developed to support HEIs to systematically measure, audit, benchmark, and communicate SD efforts.
In recent years, stakeholders have increasingly asked HEIs to demonstrate their impacts on SD. These
impacts are the direct and indirect effects an HEI has outside of its organizational boundaries on
society, the natural environment, and the economy. This study analyzes to what extent SATs are
capable of measuring the impacts that HEIs have on SD. A mixed-method approach, using descriptive
statistics and an inductive content analysis, was used to examine 1134 indicators for sustainability
assessment derived from 19 SATs explicitly designed for application by HEIs. The findings reveal that
SATs largely neglect the impacts HEIs have outside their organizational boundaries. SATs primarily
use proxy indicators based on internally available data to assess impacts and thus tend to focus on
themes concerning the natural environment and the contribution to the local economy. Updating
existing SATs and developing new ones may enable HEIs to fully realize their potential to contribute
to SD.

Keywords: sustainable development; higher education; impacts; sustainability assessment;
sustainability assessment tools; higher education institutions; sustainability indicators; sustainability
reporting; education for sustainable development (ESD)

1. Introduction

Higher education institutions (HEIs) are increasingly acknowledged as a key driver for the
development of sustainable societies [1]. Leveraging a unique set of skills, they act as transformative
agents by shaping the mindsets and values of future leaders in academia, business, and politics [2,3].
The role of HEIs in achieving sustainable development (SD) was highlighted for the first time in the
1972 Stockholm Declaration on the Human Environment [4]. Since then, HEIs and their stakeholders
have increasingly engaged in a number of global initiatives and expressed their commitment to SD in a
variety of national and international declarations and charters [5]. Recent examples include the United
Nations Higher Education Sustainability Initiative (UN HESI) and the UN Higher Education and
Research for Sustainable Development (HESD) platform. Both initiatives foster the implementation of
the Sustainable Development Goals (SDGs), as part of a globally agreed policy agenda for SD, in higher
education [6,7].

In this context, HEIs have started to systematically assess and report their progress on their
SD commitments [8,9]. An increasing number of sustainability assessment tools (SATs) have been

Sustainability 2019, 11, 59; doi:10.3390/su11010059 www.mdpi.com/journal/sustainability272
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developed to help HEIs in this endeavor [10,11]. SATs, in the broadest sense, can be understood as
instruments that provide HEIs with a systematic set of procedures and methods to measure, audit,
benchmark, and communicate their SD efforts [12,13], including economic, environmental, social, and
inter-linking issues in the entire HEI system.

The design of these SATs, as well as the experiences of HEIs using them, and their limitations,
have been documented in the literature (e.g., References [10,14]). Previous studies show that the most
widely adopted SATs have focused mainly on policies and activities inside the organization, such as
energy efficiency measures or measures to enhance sustainability literacy of students in educational
programs (e.g., References [15,16]). Less emphasis has been placed on the impacts that HEIs actually
have on society, the natural environment, and the economy outside the organization, e.g., contribution
to climate change mitigation or alumni sustainability lifestyles [17,18].

The assessment of impacts on SD is a complex endeavor because impacts materialize along
complex pathways, particularly in the area of research and education [19]. HEIs are often separated
in time and space from such impacts and affected stakeholder groups, and thus they rely on sound
instruments that support their assessment approaches. In addition, there is no universally agreed
definition of “impact” in literature and practice. However, available studies agree on a number
of characteristics central to the term. Impacts on SD are generally understood to comprise direct
and indirect effects that an HEI has outside of its organizational boundaries on society, the natural
environment, and the economy [20]. They arise from the variety of activities inside the HEIs’ core
elements, notably education, research, campus operations, outreach, and campus experiences [17,21].

The last decade has seen increased attention to the impacts of SD among stakeholders, including
public and private funders, policy-makers, accreditation agencies, students, and faculty [22]. While
an initial conceptual work on framing the multiple impacts of an HEI on SD has been proposed
(see Reference [17]), the capability of SATs to provide systematic information on these impacts to meet
accountability expectations of stakeholders more fully is less explored.

This study analyzes the indicators for sustainability assessment of 19 SATs. More specifically,
it elucidates to what extent these indicators measure SD performance (inside the organization) and
impacts on SD (outside the organization). The indicators that measure impacts on SD are further
analyzed to identify the specific SD impact areas and themes addressed. Finally, the extent to which
these indicators are able to capture the complex pathways from HEIs activities to specific SD impacts,
i.e., whether they are capable of capturing both direct and indirect impacts, is examined.

The remainder of this article is structured as follows: Section 2 provides an overview of
sustainability assessment and SATs in higher education and introduces the concept of impacts on SD;
Section 3 describes the sample, the coding strategy, and the steps of the analysis; Section 4 presents the
results and Section 5 discusses them; and Section 6 concludes the study.

2. Literature Review

Sustainability assessment and reporting practices in HEIs have gained increasing importance [23].
Consequently, a body of work dealing with sustainability assessment and reporting has developed
within the wider literature on sustainability in higher education over the past decade [24].
Sustainability assessment and reporting’s main objectives are: (1) Assessing organizations’ such as
HEIs’ sustainability; (2) communicate it to its stakeholders; (3) benchmark against other organizations;
(4) analyze how the organization affects and is affected by stakeholders; (5) assess and improve
sustainability performance over time; and (6) plan the future direction of change towards SD in
HEIs [25–28]. Despite the increasing amount of literature, in practice, sustainability assessment and
reporting is still in a developmental stage [24,29].

Limitations of sustainability assessment and reporting in HEIs are the lack of a common
understanding of SD, insufficient assessment and reporting guidelines, and the additional resources
and time that are required to gather and process data [9,28,30]. In addition, senior management in HEIs
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demonstrates low responsibility for SD and as a result senior managers do not sufficiently support
sustainability assessment and reporting practices [31].

2.1. Sustainability Assessment Tools in Higher Education

A number of SATs have been developed to facilitate sustainability assessment and reporting in
practice [10,11]. SATs are instruments that offer HEIs a systematic set of procedures and methods to
measure, audit, benchmark, and communicate their SD efforts [12,13]. SATs also provide a basis for
organizational planning and strategy development [32] through operationalization and integration of
SD into all core elements [13,14].

SATs can use different assessment approaches. Dalal-Clayton and Bass [25] distinguish three
main approaches to sustainability assessment: Accounts, narrative, and indicators-based assessments.
Accounts assessments draw on raw data, which is converted into a common unit (e.g., monetary, area,
or energy). This high level of aggregation makes overall performance easily comparable. Narrative
assessments, in contrast, use texts, graphics, and tabular data. They are highly flexible and provide the
opportunity to explore detailed and unstructured data of all kinds with the objective of developing
a rich picture of SD impacts, including trade-offs and systemic interrelationships. Both kinds of
assessments have drawbacks; however, accounts assessments only cover select aspects of sustainability,
and the high flexibility of narrative assessments entails limitations in transparency and consistency.
Consequently, the usefulness of these approaches for monitoring, decision support, and strategy
development is limited [25,33]. Indicator-based assessment is considered the most useful approach to
achieve measurable, transparent, and comparable results and thus serves as the foundation of most
SATs [34].

Indicators measure a specific aspect of SD (e.g., student sick days) that can be ascribed to a
wider attribute or characteristic of a system (e.g., student health) [35]. Indicators are formulated
in quantitative, quasi-quantitative, and qualitative terms [36]. Quantitative indicators measure, for
example, physical units; quasi-quantitative indicators are based on ratings (e.g., yes/no scores); and
qualitative or descriptive indicators include text or also graphics [25]. Indicators can also be divided
into direct and indirect (proxy) indicators based on how they measure the phenomena [36].

Available SATs range from simple compliance-oriented tools focusing on operations via contextual
explorative approaches to comprehensive approaches that allow interorganizational certification and
benchmarking [15]. Previous studies analyzed SATs in higher education based on their sets of indicators
and supporting documents and case study applications (see Table 1). Overall, these studies concur
that SATs are still at an infant stage. The indicators that are used in these assessments focus mainly on
governance issues and campus operations and to a large extent tend to neglect activities in research,
education, and outreach (e.g., Reference [16]). In addition, the reviewed SATs have a strong focus on the
environmental sustainability dimension neglecting social and economic issues (e.g., References [10,33]).
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2.2. Impacts of Higher Education Institutions on Sustainable Development

The studies examining SATs, as illustrated in Table 1, have focused on HEIs’ policies and activities
for SD occurring inside the organization (e.g., measures to enhance energy efficiency or sustainability
literacy of students in educational programs [15,16]). However, external stakeholders such as public
and private funders, policy-makers, and accreditation agencies have increasingly asked HEIs to more
adequately assess and report about their impacts on SD as well—in other words, external stakeholders
are increasingly interested to know what HEIs achieve through these activities and policies for wider
society and the natural environment [22]. For example, the European Research Framework Program
H2020 examines impacts as one of its three evaluation criteria [38], the Research Excellence Framework
(REF) in the UK allocates public funding based on the presentation of research impacts by HEIs [39],
and the Business School Impact System (BSIS) by the Management Development Network (EFMD)
includes impacts into its accreditation evaluations [40]. This has led to an increasing need of HEIs
to assess and report about their impacts. In this context, this paper seeks to examine to what extent
existing SATs are capable of accounting for impacts that HEIs have on SD (e.g., climate change
mitigation, social inclusiveness, and strengthening of the local economy).

Impacts refer to the effects that any organization, such as an HEI, has outside of its organizational
or academic boundaries—on its stakeholders, the natural environment, the economy, and society in
general [17,41]. Impacts are caused by the HEI as an organization and by its different organizational
and individual level activities that take place in the core elements education, research, outreach,
campus operations, and campus experiences [21,42]. Impacts may materialize in a variety of different
SD impact areas, including the economy, societal challenges, the natural environment, policy making,
culture, and demographics. Impacts can be directly (short-term effects, e.g., student sustainability
literacy) or indirectly (long-term effects, e.g., sustainable lifestyles of graduates) attributed to the HEI
or the activities that take place in its core elements (see Figure 1, [17]).

 

 

Figure 1. The SD impact framework of HEIs [17].
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HEIs have to follow a whole institution approach that takes the impacts of all core elements into
account to successfully manage their impacts (strengthening positive and reducing negative ones) [43].
This highlights the importance of broad-scale policies (institutional framework) to facilitate impact
orientation in all core elements and the need of SATs to systematically assess and manage impacts [17].

Impact assessment is a challenging process because impacts may materialize along complex
pathways [19]. On the one hand, HEIs generate impacts on SD through organizational activities within
the core elements of the HEI (e.g., online learning contributes to climate change mitigation and the
reduction of greenhouse gas [GHG] emissions, see Reference [44]) or through their sheer existence as
an organization in a specific locality (e.g., an HEI attracts national and international students, which
causes in-migration, demographic change, and cultural dialogue, see References [45,46]). On the other
hand, impacts are caused by individual activities or behaviors (e.g., students with entrepreneurial
attitudes may contribute to business creation and thus strengthen local economies). While HEIs
may assess and analyze impacts on the organizational level via, for example, internal proxy data,
impact assessment at the individual level is much more challenging because it requires additional data
collection (e.g., alumni or student surveys).

3. Sample and Method

This research analyzes SATs in higher education by a applying a mixed-method approach based
on quantitative and qualitative elements (as used by [47]). The research aims to provide new insights
regarding the ability of currently existing SATs to assess impacts of HEIs on SD.

3.1. Sampling Strategy and Description

SATs to be included in the sample were identified based on a review of existing studies of SATs in
higher education (e.g., References [14,33]), as well as online research that aimed to identify recently
developed tools. The purposive sampling strategy resulted in a final sample composed of SATs that:
(a) Follow an indicator-based approach and (b) are applied in practice. The selection aimed to generate
a maximum variety of tools to foster a rich comparative assessment (see Reference [48]). A brief
description of the included SATs’ purpose and content is provided below (in alphabetical order):

1. The Auditing Instrument for Sustainability in Higher Education (AISHE) was developed in
2001 in the Netherlands by the Dutch Foundation for Sustainable Higher Education and aims at
measuring sustainable education [49]. The latest version “AISHE 2.0” has 30 indicators across the
five modules Identity, Education, Research, Operations, and Societal Outreach, and it offers a
five-stage description for each criterion for benchmarking;

2. The Adaptable Model for Assessing Sustainability in Higher Education (AMAS) was developed
by Gomez et al. [50] in 2015 at the Pontificia Universidad Católica de Chile. The tool has
25 indicators that are subordinated to a goal, a criterion, and a subcriterion. It aims at enabling
HEIs to assess sustainability along different implementation stages;

3. The Business School Impact System (BSIS) is designed to determine the extent of a school’s impact
upon its regional environment. It was launched in France in 2014 by EFMD Global Network and
has 126 indicators across seven categories. Business schools can apply to enter the BSIS process
and are then reviewed by an expert team [51];

4. The CSA framework resulted from the Campus Sustainability Assessment Review Project in 2002
at the Western Michigan University (US). The CSA framework includes 43 best practice indicators
across 15 dimensions compiled from an analysis of various CSA reports [52]. A benchmarking
possibility is provided in the form of a “potential end goal”;

5. The Campus Sustainability Assessment Framework (CSAF) has 169 indicators across 10 categories
and offers opportunities to benchmark HEIs against predefined scores. It was developed by
Lindsay Cole in 2003 to assist Canadian campuses with their sustainability objectives [53,54];
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6. Waheed, Khan, and Veitch [55] developed a quantitative sustainability assessment tool
using a driving force-pressure-state-exposure-effect-action (DPSEEA) framework to achieve
a causality-based impact assessment. The Canadian model is called DPSEEA-Sustainability index
Model (D-SiM). The D-SiM includes 56 indicators across five categories;

7. The German Commission for UNESCO (Deutsche UNESCO Kommission [DUK]) developed a
sustainability self-assessment concept for HEIs in 2011 containing 10 fields of action/indicators.
Each of the fields of action offers five stages of implementation to which HEIs can assign
themselves [56];

8. The Graphical Assessment of Sustainability in Universities (GASU) has 174 indicators that build
on a modification of the Global Reporting Initiative (GRI) Sustainability Guidelines. It was
developed in 2006 by Rodrigo Lozano at Cardiff University (UK) and last updated in 2011. GASU
aims to enable analysis and comparison of universities’ sustainability efforts [9];

9. The Graz Model of Integrative Development (GMID) evaluates the transformative potentials of
sustainability processes within Regional Centers of Expertise (RCE) on Education for Sustainable
Development (ESD), and thus focuses on the interrelations between an HEI and regional
stakeholders. It includes 15 indicators across the basic principles of Leadership, Social Networks,
Participation, Education and Learning, and Research Integration, and it was developed by
Clemens Mader in Graz (Austria) [57];

10. People and Planet’s University League (P&P) ranks UK universities by environmental and ethical
performance using 51 indicators across 13 categories. The university sustainability ranking was
first conducted in 2007 and has been updated each year [58];

11. The Penn State Indicators Report (PENN) evaluated the sustainability performance at
Pennsylvania State University (US) in 2000. It covers 33 indicators across 10 categories.
These indicators were subsequently used by other HEIs for sustainability assessment [59];

12. The Association of University Leaders for a Sustainable Future (ULSF) [60] created the
Sustainability Assessment Questionnaire (SAQ) for colleges and universities. It was developed in
the US and is designed to assess how sustainable a university’s teaching, research, operations,
and outreach are with 41 indicators;

13. The National Wildlife Federation’s [61] State of the Campus Environment (SCE) is a national (US)
report card on Environmental Performance and Sustainability in Higher Education. It covers
69 indicators across 12 categories;

14. Good Company’s Sustainable Pathways Toolkit (SPT) developed in 2002 in the US evaluates
the social and environmental impacts of HEIs using 29 indicators (20 core indicators and nine
supplementary indicators). Along with each indicator goes a benchmark suggesting a desirable
performance for the respective area of application [62];

15. The Sustainability Tracking, Assessment and Rating System (STARS) version 2.1 was developed
by the Association for the Advancement of Sustainability in Higher Education (AASHE) [63]
in North America. It includes 68 indicators with benchmarks that determine possible scoring
across the categories Academics, Engagement, Operations, Planning and Administration, and
Innovation and Leadership. HEIs that submit a self-assessment using STARS may achieve a gold,
silver, or bronze rating;

16. The Sustainability Tool for Auditing for University Curricula in Higher-Education (STAUNCH®),
developed by Rodrigo Lozano in 2009 in the UK, enables HEIs to assess their curricula’s
contribution to sustainable development by using 36 indicators that are subdivided into
environmental, economic, social, and cross-cutting themes [64];

17. Lukman, Krajnc, and Glavic [65] created the Three-dimensional University Ranking (TUR)
in 2010 at the University of Maribor (SI). The model offers 15 indicators to evaluate HEIs
along their research, educational and environmental performance in a way that enables
inter-organizational comparison;
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18. The UI GreenMetric World University Ranking (UIGM) is an initiative of Universitas Indonesia
(ID), launched in 2010. It ranks universities’ performance in the categories of Setting and
Infrastructure, Energy and Climate Change, Waste, Water, Transportation, and Education using
69 indicators [66]; and,

19. In 2009, the United Nations Environment Programme (UNEP) designed the Unit-based
Sustainability Assessment Tool (USAT) to determine to what degree HEIs have integrated
sustainability concerns. USAT employs 75 indicators across the dimensions teaching, operations
and management, student involvement, and policy and written statements [67].

Some of the included SATs have not been examined before (i.e., BSIS, D-SiM, STAUNCH®, TUR).
While nine of the SATs included in the sample were developed by HEIs, external stakeholders such as
public and private funding agencies, accreditation agencies, international organizations, and charitable
organizations are also found among the developers of SATs.

3.2. Coding Strategy

In total, 1134 indicators were extracted from the sampled SATs. Based on Yarime and Tanaka [16]
and Fischer et al. [15], the coding strategy consisted of a deductive and an inductive part.

The deductive part of the analysis aimed to classify the indicators to link them to a particular
concept [68]. Each SAT indicator was reviewed and coded based on categories derived from the SD
impact framework of HEIs (see Figure 1): Core element, assessment target, SD impact area, and impact
type. The framework serves as a valid construct for this analysis (see Reference [69]). In addition,
the indicators were coded regarding their type (quantitative, quasi-quantitative, and qualitative) and
their level of analysis (individual or organizational). The coding for all variables in these categories
was binary (1 = it applies; 0 = it does not apply).

First, each indicator was exclusively assigned to one of the five core elements in which
activities of SD take place—namely education, research, outreach, campus operations, and campus
experiences. Indicators concerning administrative structure and broad-scale policies were assigned to
the institutional framework, while indicators addressing assessment and reporting processes were
categorized into the “assessment and reporting” category. In addition, indicators addressing the HEI
on an institutional level were related to the category “higher education institution”. The category
“not applicable” includes indicators that do not fit in any of the other categories. Examples for the
indicators in these categories are illustrated in Table 2.

Table 2. Examples of indicators classified into (core) elements.

(Core) Element Examples

Institutional framework

On broad-scale policies and the administrative structure of the HEIs, including, e.g.,
governance body structure, vision and mission statements, policies for staff and faculty
hiring, budget issues, student associations, and development programs for staff and
faculty

Education Teaching, curriculum, and all other activities aiming for the education of students

Research Research-related activities of the HEIs, e.g., allocation of research funds,
transdisciplinary research programs

Outreach HEI’s collaboration efforts with external stakeholders on regional, national, and
international level

Campus operations HEI’s environmental management, procurement policies and practices, infrastructure,
and workspace-related issues such as safety regulations

Campus experiences On-campus experiences for students and staff (e.g., student crime) and individual
behaviors not related to studying or working (e.g., alcohol consumption)

Assessment and reporting
HEI’s assessment and reporting processes that are geared towards the engagement with
external stakeholders (e.g., external assurance, reporting cycles, stakeholder
identification processes)

Higher education institution
Activities or impacts on the institutional level that cannot be influenced by measures in
one of the core elements, e.g., demographic effects on the region through student
in-migration
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Second, each indicator was reviewed and exclusively categorized regarding its assessment target
as a performance, proxy, or impact indicator. Performance indicators are concerned with policies and
activities inside the organization (e.g., number of courses with SD content). Proxies are indicators that
are able to measure impacts indirectly based on internal data (e.g., GHG emissions for contribution to
climate change mitigation) (see Reference [36]), while impact indicators directly measure the impacts
on SD outside organizational boundaries.

Third, each proxy and impact indicator was classified into one SD impact area. Indicators that
could not be classified were coded as NA. These impact areas include, for example, indicators that
address the following topics:

• Economy: Local food purchasing, alumni in the job market;
• Societal challenges: Research ethics, student fees;
• Natural environment: Noise pollution, resource consumption, GHG emissions;
• Policy making: Contribution to public policy development;
• Culture: Cultural dialog, cultural diversity; and
• Demographics: Composition and change of local population, including student and

alumni population.

Fourth, the proxy and impact indicators were distinguished regarding the types of impact they
measure. Direct impact indicators focus on immediate or short-term effects (e.g., alumni entering the
regional job market), while indirect ones focus on intermediate or long-term effects (e.g., changes in
environmental conditions).

Finally, the subsample of proxy and impact indicators was classified by type into quantitative
(e.g., GHG emissions by weight), quasi-quantitative (e.g., self-rating of outreach efforts), and qualitative
(e.g., open questions about contribution to policy making) (see Reference [36]) and also regarding
their level of analysis. Indicators on the individual level of analysis address impacts that can be
attributed to individual activities or behavior (e.g., alcohol consumption and related impacts on
student health), while indicators on the organizational level assess impacts caused by organizational
activities (e.g., water consumption and impacts on groundwater) or the HEI itself (e.g., in-migration of
students and social problems).

To ensure intercoder reliability, all steps of the coding were executed by two coders (see
Reference [70]). The Kappa value of the intercoder reliability was high with 0.91 (see Reference [71]).
Differences among the coders were resolved by discussion until consensus was reached.

For the inductive part of the analysis, the authors independently reviewed the descriptions of
proxy and impact indicators in each category of the SD impact areas. This process aimed to identify
themes for the proxy and impact indicators (based on References [68,72]).

3.3. Analysis of the Coding Matrix

The descriptive statistical analyses were carried out with SPSS [73]. First, the relative frequencies
of the indicator distribution among the categories’ core elements and assessment target were calculated
to comparatively examine the SATs. Second, the sub-sample of proxy and impact indicators was further
analyzed by cross-tabulations regarding the categories SD impact area, impact type, and indicator type.
Cross-tabulation is a joint frequency distribution that summarizes the categorical data of one group to
demonstrate how many cases are present in another [74]. This allows for an analysis of relationships
between the different categories in order to identify patterns and trends. All cross-tabulations were
tested with the Chi-square test of independence to test the hypothesis that the categorical variables in
columns and rows are related. All chi-square values were high and p-values were highly significant
(Chi-square values > 32.213 and p-values < 0.001), indicating a highly significant statistical relationship
between the variables in the cross-tabulations [75]. The identification of themes of the inductive
analysis was supported by the MAXQDA 12 qualitative analysis software [76]. The descriptive part of
the analysis is presented in Section 4.1 and the inductive part in Section 4.2.
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3.4. Limitations

The research design has limitations inherent to the interpretative nature of qualitative research in
terms of reliability and generalizability. To strengthen the validity of the interpretative analysis,
the trustworthiness of data and results was assessed in terms of credibility, transferability, and
confirmability [77,78]. First, credibility refers to the extent to which the results appear to be acceptable
representations of the data. The deductive coding strategy and the inductive generation of themes
have yielded consistent results. All deductive coding criteria found representations in the data, thus
suggesting that the coding strategy resulted in credible results.

Second, transferability designates the degree to which findings from one study context will apply
to other contexts. Transferability was ensured by the purposive sampling approach, aiming to generate
a maximum variety of tools to foster a rich comparative assessment [48]. The sample includes not only
recently developed tools such as BSIS, but also mature and established tools, such as STAUNCH®. As it
is likely that the design of SATs and the understanding of the SD concept vary depending upon specific
sociocultural and political contexts, the sample explicitly included SATs from a variety of geographical
origins, such as the German self-assessment tool DUK or the Indonesian university ranking UIGM.
The findings should thus be applicable to a wide variety of contexts.

Third, enhancing confirmability engenders the active search for potential biases in interpretation
of the data. The findings appear consistent with previous studies of SATs in higher education
(e.g., References [15,16]). In addition, two coders independently coded the data. Testing for intercoder
reliability further strengthened the confirmability of results.

Finally, the nature of the data, i.e., indicators derived from SATs, imposes limitations in terms of
the conclusions that can be drawn. While the examination of indicators enables a rich comparative
assessment of SATs, it does not allow inferences as to the systemic interrelationships between indicators,
and thus also not about the potential of the SATs to drive SD in the HEI context at this level. While
sound sustainability assessment is a prerequisite and necessary condition for the improvement of
HEIs’ impacts on SD, it is not sufficient to judge the extent to which actual improvements materialize.
This requires additional analyses that are beyond the scope of this study.

4. Results

The 19 SATs under examination comprised 1134 indicators representing all the tools’ capability
to assess impacts on SD. The analysis consists of a descriptive part and an inductive examination of
major themes.

4.1. Descriptive Analysis

The overall distribution of indicators across the core elements shows a strong focus on the core
elements of campus operations (34.48%), and institutional framework (20.90%). The dominance of
campus operations can be due to 10 out of the 19 SATs having their largest share of indicators in this
core element. Indicators relating to education (16.04%) are also relatively high. All other core elements
are covered only by a limited number of indicators and are relatively weakly represented when
compared against campus operations, the institutional framework, and education (see Table 3). More
than half of the analyzed SATs do not have any indicators on the core elements campus experiences
and assessment and reporting, and two SATs do not cover the campus operations and institutional
framework elements. The core element of education is addressed by all analyzed SATs. Some of the
SATs are specialized, e.g., CSA and PENN have about 70% of their indicators in campus operations
and STAUNCH® focuses only on education. It should be noted that the element HEI refers to activities
on the institutional level or impacts that are caused by the HEI as institution. This category is only
addressed by a few indicators (5.03%).
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The majority of indicators in the examined SATs assess an HEI’s internal activities rather than
impacts on SD. Table 4 illustrates the strong focus on performance indicators (69.84%). Some SATs
solely assess SD performance, namely DUK, GMID, SAQ, STAUNCH®, TUR, and USAT. Only BSIS
and PENN show a distinct focus on addressing impacts outside the organizational boundaries with
81.75% and 60.61% of criteria being either proxy or impact indicators, respectively. Twelve of the
reviewed tools make use of proxy indicators (20.55% of the overall sample). Eight SATs offer impact
indicators, which comprise only 4.14% of the total indicator sample.

Table 4. Assessment Target (in %).

Assessment Tool Performance Indicator Proxy Indicator Impact Indicator NA ∑∑∑

AISHE 83.33 0.00 16.67 0.00 100.00
AMAS 84.00 16.00 0.00 0.00 100.00

BSIS 18.25 70.64 11.11 0.00 100.00
CSA 67.44 25.58 6.98 0.00 100.00

CSAF 81.66 16.57 1.18 0.59 100.00
D-SiM 28.56 17.86 14.29 39.29 100.00
DUK 100.00 0.00 0.00 0.00 100.00

GASU 59.77 19.54 4.02 16.67 100.00
GMID 100.00 0.00 0.00 0.00 100.00
P&P 82.35 17.65 0.00 0.00 100.00

PENN 39.39 51.52 9.09 0.00 100.00
SAQ 100.00 0.00 0.00 0.00 100.00
SCE 86.96 13.04 0.00 0.00 100.00
SPT 65.52 17.24 17.24 0.00 100.00

STARS 88.24 7.35 0.00 4.41 100.00
STAUNCH® 100.00 0.00 0.00 0.00 100.00

TUR 100.00 0.00 0.00 0.00 100.00
UIGM 72.47 17.39 0.00 10.14 100.00
USAT 100.00 0.00 0.00 0.00 100.00

Overall average 69.84 20.55 4.14 5.47 100.00

Table 5 shows the characteristics of the indicators that focus on assessing HEIs’ impacts on SD.
There is a strong focus on proxy indicators that measure impacts in an indirect way, which comprise
83.21% of the indicators that address impacts.

For proxy and impact indicators, the core element most represented is campus operations;
48.21% of the proxy and impact indicators focus on this core element, of which most are proxy
indicators. Many of these proxy indicators emphasize assessing GHG emissions and waste generation.
Of the indicators, 16.08% address impacts that are caused by the HEI as an organization. The core
element assessment and reporting was not addressed because this core element reflects the assessment
processes in an HEI rather than the actual impacts.

The proxy and impact indicators address mainly the SD impact areas economy, societal challenges,
and natural environment, while policy making, culture, and demographics are seldom considered.
Natural environment is the SD impact area with the highest coverage, with 49.30% of proxy and
impact indicators assessing impacts in that category. The SD impact areas economy and societal
challenges follow with 23.57% and 13.21% of the indicators, respectively. The bulk of the economy
proxy indicators stem from the tool BSIS. It is true for any SD impact area that proxy indicators
comprise the larger share.

Direct impacts are addressed by almost all proxy and impact indicators (97.14%) and only eight
aim at capturing indirect impacts. The indicators assessing indirect impacts are almost exclusively
impact indicators.

Considering the indicator type, quantitative indicators are the most prevalent (62.50%), followed
by quasi-quantitative indicators (19.29%) and qualitative indicators (18.21%). The latter are especially
utilized in the subsample of impact indicators.
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Table 5. Cross-tabulations of proxy and impact indicators (absolute and relative frequencies).

Proxy Indicator Impact Indicator Total X2 1

(Core) Elements

Campus Operations 121 (43.21%) 14 (5.00%) 135 (48.21%)

52.20 ***

Higher Education
Institution 33 (11.79%) 12 (4.29%) 45 (16.08%)

Outreach 22 (7.85%) 6 (2.15%) 28 (10.00%)
Research 22 (7.85%) 1 (0.36%) 23 (8.21%)
Education 10 (3.57%) 7 (2.50%) 17 (6.07%)
Institutional
Framework 13 (4.65%) 2 (0.71%) 15 (5.36%)

Campus Experiences 4 (1.43%) 3 (1.07%) 7 (2.50%)
Assessment &
Reporting 0 (0.00%) 0 (0.00%) 0 (0.00%)

NA 8 (2.86%) 2 (0.71%) 10 (3.57%)
Total 233 (83.21%) 47 (16.79%) 280 (100.00%)

SD Impact Areas

Natural Environment 123 (43.94%) 15 (5.36%) 138 (49.30%)

45.87 ***

Economy 53 (18.93%) 13 (4.64%) 66 (23.57%)
Societal Challenges 24 (8.57%) 13 (4.64%) 37 (13.21%)
Culture 2 (0.71%) 2 (0.71%) 4 (1.42%)
Policy making 2 (0.71%) 1 (0.36%) 3 (1.07%)
Demographics 2 (0.71%) 0 (0.00%) 2 (0.71%)
NA 27 (9.64%) 3 (1.08%) 30 (10.72%)
Total 233 (83.21%) 47 (16.79%) 280 (100.00%)

Impact Type
Direct 232 (82.85%) 40 (14.29%) 272 (97.14%)

117.93 ***Indirect 1 (0.36%) 7 (2.50%) 8 (2.86%)
Total 233 (83.21%) 47 (16.79%) 280 (100.00%)

Indicator Type

Quantitative 162 (57.86%) 13 (4.64%) 175 (62.50%)

107.49 ***
Quasi-Quantitative 39 (13.93%) 15 (5.36%) 54 (19.29%)
Qualitative 32 (11.42%) 19 (6.79%) 51 (18.21%)
Total 233 (83.21%) 47 (16.79%) 280 (100.00%)

Level of analysis
Organizational 211 (75.36%) 32 (11.43%) 243 (86.79%)

68.89 ***Individual 22 (7.85%) 15 (5.36%) 37 (13.21%)
Total 233 (83.21%) 47 (16.79%) 280 (100.00%)

1 Note: The p-values indicate the statistical relationship between assessment target (proxy and impact indicator)
and the other categories. *** p < 0.001.

The level of analysis indicates whether impacts are caused by organizational activities and the
HEI as an organization or via individual activities or behavior. Of the subsample of proxy and impact
indicators, 86.79% focus on the organizational level of analysis. The share of indicators addressing the
individual level is higher among the subsample of impact indicators compared with proxy indicators,
where the focus is almost exclusively on the organizational level.

4.2. Inductive Content Analysis

In the inductive content analysis of the subsamples of proxy and impact indicators, major themes
within specific SD impact areas were identified (see Table 6). Regarding the SD impact area natural
environment, the most addressed themes within the proxy indicators are “Consumption of energy,
water and materials”, “Emission of GHGs”, and “Generation of waste”. The impact indicators in this
SD impact area address similar themes with the exception of “Effects on conditions (e.g., biodiversity,
groundwater)”, which presents the largest group of indicators. The indicators in the SD impact area
natural environment are almost exclusively tied to campus operations and assess their subject generally
in a quantitative way.

The themes most covered by proxy indicators within the SD impact area economy are “Local
expenditures”, “Research concerning the local economy”, and “Local job creation”. The impact
indicators emphasize “Alumni in the job market” and “Start-ups in the region”. Typically, these themes
are assessed by quantitative indicators.

The proxy indicators and impact indicators classified into societal challenges are mainly focused
on the same themes. They address “Stakeholder engagement and community development”, and
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“Health and safety issues”. The indicators in the theme “Stakeholder engagement and community
development” are exclusively linked to outreach.

Proxy as well as impact indicators concerning the SD impact areas policy making, culture, and
demographics are very rare. Addressed themes in these areas are: “Contribution to public policy
development”, “International student exchange”, and “In-migration of students”.

Table 6. Major themes of proxy and impact indicators.

SD Impact Area Proxy Indicator Impact Indicator

Natural Environment

• Consumption of energy, water
and materials

• Emission of GHGs
• Generation of waste

• Effects on conditions (e.g.,
biodiversity, groundwater)

• Generation of waste

Economy

• Local expenditures
• Research concerning the

local economy
• Local job creation

• Alumni in the job market
• Start-ups in the region

Societal Challenges
• Stakeholder engagement and

community development
• Health and safety issues

• Stakeholder engagement and
community development

• Health and safety issues

Policy making
• Contribution to public

policy development
• Contribution to public

policy development

Culture • International student exchange -

Demographics • In-migration of students -

5. Discussion

The research confirms previous studies on SATs (e.g., Reference [15]) in that the vast majority
of the analyzed SATs have a strong focus on assessing SD performance in the core element campus
operations. Only a small percentage of indicators assess impacts on SD occurring outside the immediate
organization. This finding cannot be explained by looking at the timeline of first release of the sampled
SATs. Even before impact became a topical issue of discussion, PENN was released in 2000 as one of
two examples in the sample with a strong focus on assessing impacts on SD—the other example being
the BSIS tool (first issued in 2014). At the same time, relatively new and widely applied SATs such
as STARS (first released in 2010 and last updated in 2017) still tend to focus heavily on internal SD
performance. Rather, indicators that aim to assess impacts directly are rare across all tools, irrespective
of when they were issued.

The literature provides potential explanations for the heavy skew towards performance indicators
in the sample. For instance, Reference [16] argued that the assessment of SD impacts involves a
high level of complexity, which SATs are not equipped to handle. Closely related to the challenge of
capturing a high level of complexity is the question of data availability. The findings suggest that
it is important to balance the quality of assessment with the effort and data needed, especially for
comprehensive tools that are meant for wide and regular application, such as STARS. The literature
on sustainability assessment in adjacent fields also suggests that if SATs are to be widely adopted
by HEIs, then they need to enable assessments based on internal data readily available to HEIs [79].
SATs that require additional efforts in data collection (e.g., via alumni surveys) may pose considerable
difficulties for their adoption. This is reinforced by the strong focus on proxy indicators in the overall
sample and the fact that only a minor share of proxy and impact indicators assesses impacts on an
individual level of analysis.
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The present research highlights the concrete SD impact areas and themes currently covered by
SATs. The sample contains a relatively higher proportion of proxy and impact indicators in SD impact
areas, with clearly understood causal pathways from activity to impact, as well as those that can be
measured in physical or quantifiable units based on data readily available to HEIs. This is confirmed by
the data in the sample. Even for SATs with an overwhelming focus on internal SD performance, there
are proxy indicators for impact in the area of campus operations, especially as regards environmental
impacts (e.g., consumption of energy, water and materials, GHG emissions, and waste generation).
The main focus is on the SD impact areas natural environment, economy, and societal challenges,
while policy making, culture, and demographics are rarely considered. In particular, environmental
impacts tend to lend themselves to assessment because causal links, e.g., from GHG emissions to
climate change, are well understood and easier to assess than many social issues (e.g., impacts of an
HEI on local culture) (see Reference [10]).

This means that the SD impact areas addressed by SATs do not necessarily cover the most
important impacts of any given HEI. Rather, they focus on indicators that can be measured based
on internally available data. In this context, it is notable that only one of the SATs in the sample,
namely GASU, requires a materiality assessment or prioritization of SD impact areas. Such exercises
are common in corporate SATs or in sustainability assessments (as stated by Reference [80]), which can
make it difficult for HEIs to focus their assessment efforts in those SD impact areas where they can
make the most substantive contributions to SD.

Some tools acknowledge that impacts may vary between different types of HEIs, e.g., the BSIS
tool with its explicit focus on business schools as distinct from universities (see Reference [51]). Other
important distinctions might relate to the locality and local socioeconomic importance of HEIs (e.g.,
in urban or rural contexts) or simply to the size of any given HEI (e.g., in terms of student body and
staff). For instance, Hubbard [45] shows that in rural areas, in-migration of students and the resulting
cultural and demographic impacts can be a major local concern. Such differences cannot currently be
captured by most SATs.

The strong focus on quantitative indicators supports the proposition that impacts, especially
indirect ones, are neglected because quantitative assessment is frequently not feasible along complex
and poorly understood causal pathways from activity to impact. For example, Hubbard [45] and
Yao and Bai [46] provide accounts of how HEIs affect and are affected by student in-migration and
internationalization. A capacity for assessing the impacts of internationalization through SATs would
be useful for the large number of HEIs that are currently promoting internationalization as part of
their strategies [81]. Online learning (e.g., Reference [44]) is another area of high strategic relevance for
many HEIs, the direct and indirect impacts of which are currently still poorly understood.

6. Conclusions

The research aims to analyze the ability of SATs to assess impacts of HEIs on SD. In so doing,
the study expands upon previous examinations of SATs in higher education, which have largely focused
on what HEIs do in support of SD rather than on what they achieve for society, the economy, and the
natural environment beyond their organizational boundaries. The research examined 1134 indicators
for sustainability assessment derived from 19 SATs explicitly designed for application by HEIs.

While HEIs have increasingly been incorporating SD, their efforts have tended to be
compartmentalized and focused on internal operations. It is becoming increasingly imperative that
HEIs take a more holistic perspective addressing their system elements and their impacts, in this way,
strengthen their contribution to SD. The update of existing indicator-based SATs and the development
of new approaches of impact assessment can support HEIs in this endeavor.

Available SATs, to a large extent, are designed to assess specific activities inside the HEI’s core
elements, and provide external stakeholders only information about the internal engagement with SD.
Only a small share of indicators of the examined SATs’ aim to assess HEIs’ impacts on SD and to a
large extent indirectly via internal proxy data. SATs contribute indirectly to SD by raising awareness
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for SD; however, they tend to neglect the impacts HEIs have outside their organizational boundaries,
and therefore, do not fully realize their potential to contribute to SD.

Further research should be carried out, for example on narrative assessments potential to assess
impacts of research, where there is increasing consensus that counting citations and bibliometric
analysis do not provide an accurate picture of research impacts on SD.
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Abstract: Humans are at the center of global climate change: The United Nations Sustainable
Development Goals (SDGs) are igniting sustainability with proactive, global, social goals, moving
us away from the Brundtland paradigm ‘do nothing today to compromise tomorrows generation’.
This promotes a regenerative shift in the sustainability concept, no longer only considering resources
and energy, but also significant human-centric attributes. Despite this, precise ecological and
sustainable attitudes have little prognostic value regarding final related individual human behavior.
The global cultural challenge, dominated by technological innovations and business imperatives,
alongside the mirroring technological fallacy and lack of ethical reasoning, makes the role of
small actions, at individual and at academic scale even harder. This paper outlines the context
in which universities can collaborate and contribute to triggering sustainability values, attitudes,
and behavior within future regenerative societies. This contribution consists in three main areas: the
first analyzes the issue of sustainability transitions at the individual scale, where influencing factors
and value–behavior links are presented as reviewed from a number of multi and transdisciplinary
scholars’ works. The second part enlarges the picture to the global dimension, tracing the ideological
steps of our current environmental crisis, from the differences in prevailing western and eastern
values, tradition, and perspectives, to the technological fallacy and the power of the narratives
of changes. Finally, the task of our role as academics in the emerging ‘integrative humanities’
science is outlined with education promoted as an essential driver in moving from sustainability to
regenerative paradigms.

Keywords: education for sustainable development; academic organizational change; transformative
learning; behavioral change; SDGs; regenerative approach; university

1. Introduction

As reported in the latest Intergovernmental Panel on Climate Change (IPCC) paper, humans are
at the center of global climate change: causing anthropogenic climate breakdown, and social factors
identified as key to effectively respond to current challenges [1].

The United Nations Sustainable Development Goals (SDGs) are igniting sustainability with
proactive, global, social goals, moving us away from the ‘do nothing today’ Brundtland paradigm and
promoting a regenerative shift of the sustainability concept, no longer only considered with resources
and energy, but significantly human-centric [2].

The phrase ‘sustainable development’ has been so abused that it has maybe lost meaning.
This gives room for an initial explanation in the societal domination of a particular epistemology, it can
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be an opportunity to diagnose the present by the past, using a Foucaultian approach [3], often referred
as “history of the present” [4].

Using Habermas’ ideas of the system colonizing the lifeworld [5], we agree with Fergus and
Rowney when they state that the meaning of sustainable development changed before it could be
fully explored through an inclusive and diverse discourse [6]. An inclusive discourse based on the
comparison of different epistemological perspectives is therefore the aim of this paper, exploring the
ethics of individual and society as a whole having a choice and a responsibility in terms of a new
sustainability narrative [7].

Universities can play an important role in this narratives’ shift, triggering new sustainability
values, attitudes, and behavior in future regenerative societies [8,9]. However, higher
education institutions (HEIs) are often lacking in holistic visions and incentives have a strong
anti-transdisciplinary attitude and a tendency for academics and departments to focus on silos
approaches in teaching and researching activities [10].

Between these philosophical discourses, global values, and individual attitudes, this contribution
aims at highlighting the role of HEIs in a regenerative sustainability transition in four main moments:
in the introduction, old and new definition of sustainability are depicted from a policy/abstract level.
Then, the second section analyzes the issue of sustainability transitions at the individual scale, where
influencing factors and value-behavior links are presented as reviewed from a number of multi and
transdisciplinary scholars’ works. The third section enlarges the picture to the global dimension,
tracing the ideological steps of our current environmental crisis from the differences in prevailing
western and eastern values, tradition, and perspectives, to the technological fallacy and the power of
the narratives of changes. Finally, the task of our role as academic in the next revolutionary “integrative
humanities” science is outlined, as education is envisaged as an essential element of moving towards
regenerative paradigms [11].

1.1. Toward a New Definition of Sustainability

The Brundtland report in the 1980s defined sustainable development as a process that meets
todays needs without compromising future generations [12]. Further sustainability definitions stated
that sustainability should be intended as a dynamic equilibrium within humans and ecosystem [13,14].
The regenerative paradigm pushes forward the positive balance, aiming for restoring environments
and communities, and to enable conditions for regenerative growth [15–17], and sustainability
efficiency [18]. In this paradigm shift, Figure 1, not only technological solutions, but also humanistic
and ecological values are embraced [19,20].

Figure 1. Stages of development, from conventional to the regenerative economy according to [19].

This shift has recently been witnessed in a new normal at legislative and governmental levels:
while in the Paris Agreement (December 2015) 197 countries agreed to reduce any increase in global
warming to “well below 2 ◦C above pre-industrial levels” [21], with an aspiration to cap temperatures
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at 1.5 ◦C. The latest Intergovernmental Panel on Climate Change (IPCC) report (October 2018)
stressed the importance of demand-side measures to achieve consistent pathways toward global
CO2 mitigation [22].

Hence, humans are at the center of global climate change: their actions cause anthropogenic
climate change, and social change is key to effectively respond to climate change [23–25]. Potential
synergies and trade-offs between 1.5 ◦C mitigation pathways and different sustainable development
(SD) individual dimensions are an emerging field of research: in Section 5.4, the IPCC 2018 report
assesses interactions between individual mitigation measures with other societal objectives. The same
adaptation strategy is supporting the sustainable development goals (SGDs) call for behavioral change
and institutional capacity, as social learning strengthen is key for longer-term changes [26–28].

The SDGs have the potential for igniting sustainability with proactive, global, social goals, moving
us away from the do nothing today Brundtland paradigm toward a regenerative paradigm [29,30]:
the regenerative sustainability is indeed defined as the one enabling social and ecological systems
to maintain a healthy state and to evolve [31]. Its key related topics (place, energy, carbon, water,
resources, wellbeing, equity, education) are synoptically displayed in Table 1.

Table 1. Regenerative sustainability key topics. Reproduced from to [31].

Key Topics Vision State of Art Gap

Place Earth as a community, not a
commodity

Regenerative approaches departing
from the recognition that each place
is a unique dynamic entity.

To evolve towards a harmony between people and space in
which the human activity generates zero net waste and uses
renewable resources to assure sustainable development for
current and future generations. To restore the connection of
people to nature and to the planet.

Energy Local/renewable ownership and
management

Focus on renewable energy
production, energy efficient
construction, and green goods and
services industries (green economy)
and less on the role of energy for the
ecosystem restoration.

To move from a green economy to a balanced economy this
implies the preservation and restore of the planet’s health.
Energy as part of a coherent restoration approach aiming to
increase the quality of the ecosystem contributing at the same
time to sustainable economic growth.

Carbon Carbon working with natural
systems

Strategies oriented to the
remediation of the damage caused
to the environment (e.g.,
revegetation).

Strategies oriented to the restoration of the damaged
ecosystems, comprehending activities aimed at the increase of
carbon stocks and the reduction of the emissions of carbon
dioxide, which would contribute for slowing the process of
climate change.

Water Building and cities to participate
in water cycles, local watersheds

Buildings and sealed areas prevents
the functioning of the water cycle.
Approaches dealing with water as if
the human owns it.

Innovative approaches in which cities incorporate natural
cycles in the way they are built, function, and grow. Develop
urban concepts that mimic nature as a requirement for a
balance and healthy life. Transform the human relationship
with water, which implies the respect of its natural processes.

Resources

Local, accessible, and low-cost
resources and building
responsibility of managing the
commons

Resources exist for human use.
Management of resources based on
an economic rationality: damage to
the ecosystem can be compensated
through a monetary payment.

Policies based on the idea that it is impossible to compensate
damages; so, damages have to be avoided. Resources are to be
maintained for the future generations, which implies a
responsible public management and an increasing
participation of the society on the collective choices.

Wellbeing

Happiness that con-tributes to
individual, community, and/or
global well-being without
exploiting other people, the
environment, or future
generations

“Instant” happiness instigated by
the consumer society that sustains
the idea that more goods means
higher individual and collective
well-being, without considering the
social and environmental impacts of
their production and distribution.

Sustainable well-being as an opportunity to enhance quality
of life and contribute to individual, community, and society
well-being. Wellbeing from acknowledging that human are
part of a living system and a damaged planet impacts
negatively on the health of people and communities, today
and for the future (a biophilic approach towards the
well-being of the earth). The well-being of society as being
interconnected to the achieved well-being of the planet.

Equity All voices shall be heard; equity
beyond human community

Groups with economic power that
exert lobby activities near
governments guarantee for
themselves economic and
environmental advantages over the
society without considering the
depletion of the planet’s resources.

To share the well-being between present people and future
people, generating an intergenerational fairness in allocating
resources between current competing interests.

Education

Bottom–up cultures/initiatives
(permaculture, urban gardening,
local currencies, urban pioneer
movement, placemaking)

Top–bottom approaches to deal with
imbalances and damages in nature.

Bottom–up approaches which give voice to different sectors
and interests of the society, and creates a forum for the
promotion of a proactive collaboration to foster restoration
actions, involving those affected in the process of change.
Education for eco-literacy as a precursor of public
participation.

1.2. Regenerative Behaviors

Following the conceptual framework outlined above, regenerative behaviors are introduced as
additional, positive behaviors, intentional or otherwise, created through regenerative sustainability
interventions [31]. We focus on social aspects of decision making considering that some of the
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challenges related to sustainable development are social in their core identity [32,33]. They are social
regarding the motivations towards our consumption, the configuration in which we shape the institutes
and companies we interact with and the behavioral assumptions behind many of the strategies and
interventions for the transition to better consumption and production pathways [34–36]. Indeed,
eloquent collective changes start with individual transformation.

Emerging theories, like the “Theory U” by Otto Schirmer [37], are social field theory that makes
visible the source from which we operate—i.e., individuals, as teams, as organizations, and as larger
systems—and the impact depending on which source we are operating from: [38].

Our feelings will affect our actions towards climate change issues [39]. While negative feelings
can reinforce adaptation [40], positive feelings may be counterproductive in terms of protective
attitudes [41]: people are more willing to take action for climate change when they are directly affected
and concerned [42], and when they can be rewarded somehow from their actions [43].

For many years, policies have presumed that humans make a decision and act in logical and
foreseeable ways; however, in reality, how and why we (as individuals, communities, and entities)
behave is due to the confluence of many factors. For instance, individual conduct is extremely
entrenched with our social circumstances, formal settings, religious and cultural rules, together with
many contingent mental dynamics [44–46].

A recurrent outcome from behavioral and attitudinal surveys is that people are increasingly
caring towards the planet and concerned about the need for an ecologically sound lifestyle [47,48].
However, values and attitudes may not always be mirrored by actual actions and choices. This is not
only related to sustainability: our practices, instincts, and wish for comfort and opportunities challenge
much even with our best intents and trusted views. This gap is well recognized in behavioral and
cognitive science, and it unlocks concerns regarding the confidence we have on surveys and qualitative
information-based policies aiming at behavioral changes [49–51].

Nevertheless, the need for a focus on human values, attitudes, and behaviors to establish the basis
for a sustainability transition is urgent [33,52,53]. Even if the drivers vary, this remains the case both
at individuals’ level and at public/private entity level. Higher education institutions, as education
providers, have a crucial role in cultivating sustainability awareness and values within in future
generations of citizens, entrepreneurs, and policy makers [8,54,55].

1.3. Between the Individual and Global Dimensions

Although the topic of individual ecological shift is well researched and debated, people sometimes
can feel powerless in applying their principles in capitalist systems. However, individual inner
self-observation and awareness can create the basis for a collective change in a social, economic, and
environmental sustainability [56–59].

The evolution of economic thought can be regarded as a system moving from traditional
ego-system awareness (something we still teach today at business schools around the world) to
a new stage of awareness, an “eco-system awareness” focusing on the well-being of not only a few but
the well-being of all [60–62].

The EGO-ECO-SEVA scheme illustrates these three worldviews [63–65]. The path from EGO to
ECO to SEVA begins by stepping up from our EGO dimension, realizing the connectedness of all ECO
spheres, arriving to a SEVA position for a life on earth via a regenerative approach. The regenerative
sustainability shift therefore requires a radical turn of our worldview, from a mechanistic to ecological
one [15].

2. Individual Dimension

According to Leiserowitz et al., “Values are abstract ideals, such as freedom, equality, and
sustainability. They often evoke emotional reactions and are typically expressed in terms of good
or bad, better or worse, desirability or avoidance. Values define or direct us to goals, frame our
attitudes, and provide standards against which the behavior of individuals and societies can be judged.
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Attitudes refer to the evaluation of a specific object, quality, or behavior as good or bad, positive or
negative. Attitudes often derive from and reflect abstract values. Finally, behavior refers to concrete
decisions and actions taken by individuals and groups, which are often rooted in underlying values
and attitudes” (p. 414, [33]).

All these converge progressively toward a proper value system: a set of values assumed by an
individual or a society inducing the conduct of (often unaware) associates [5,66]. We rank our decisions
with judgment categories that can become private, shared, monetary, civil, or religious based. Our
values make us who we are and whom we want to appear to be and eventually who others see in us:
collectively, they are the driving factors that can change the relationship between us and ourselves,
us and society and us with the ecosystem in which we live [67,68]. There is much investigation that
confirms how personal well-being, curiosity, empathy, kindness, and non-materialistic values are
linked with more sustainable behaviors [59,69,70]. Sustainability thus really condenses into nurturing
and allying values, beliefs, and behaviors with ecological stewardship and with collective responsibility.
Through our everyday choices, we can choose either to improve or weaken the planet, our society,
and commercial wealth. Emerging from these, global attitudes toward the Millennium Declaration
Values are envisaged in freedom and democracy, fairness, solidarity, acceptance, respect for nature,
and shared responsibility [71]. A study by Pappas defines ‘individual sustainability’ as follows:

Sustainable individuals are characterized by creating harmony, interconnection, and
relatively high levels of self-awareness in their values, thoughts, behaviors, and actions
as well as cultivating continued individual growth in their physical, emotional, social,
philosophical, and intellectual abilities. Individual sustainability includes possessing a
well-developed and demonstrated value system that acknowledges the importance and
interconnectedness of all global biological and social systems, and our appropriate place
within them. (p. 12, [72])

A number of research projects comment that people with self-enhancing, money-oriented goals
and values concentrating on accomplishments, wealth, control, prestige and image have more adverse
attitudes to the environment, and are less expected to be moved into eco-friendly behaviors [73].
The conclusions presented in the work of Lavelle et al. [74] show the heterogeneity and richness of
ecological behaviors [73,75]: according to studies by Martinsson et al. [76], (infra)structural and cultural
factors are found to be a significant aspect in shaping behavioral change. This means that working
upon strategies tailor-made for a specific target of people can be far more effective than promoting
general policies for sustainable consumption [77]. Moreover, from a social cognitive perspective [78]
it has been found that personal agency (as the ability to deliberately select, perform, and achieve
personal intentions and desires) is crucial to obtain visible results in sustainable behavioral change.
From an environmental psychology point of view, positive circumstantial conditions and ecological
self-efficacy, visible outcomes are stressed to foster an individual’s expectations and more stimulating
goals. The work by Shapiro et al. [79] explores mindfulness practices at schools as useful tools to help
illuminate one’s values, to learn how to think more impartially, so that students can experience and
understand attitudes that may be truer and responsive to real intentions. According to Rosenberg [80],
mindfulness training can help to become more attentive of believed processes and so more critical
when receiving an external narrative/influence. This approach can also be found in the INDICARE
model [55]. As a sustainability assessment framework, it aims at stimulating the sustainability debate
in higher education, suggesting a more holistic approach emphasizing the interconnectedness of
human–nature relationships, combined with meditative workouts that help the transformative process
both at individual and institutional level.

Inspired by biophilic ideas, transformative learning theories, and participatory evaluation,
INDICARE is an evaluation framework that seeks an eco-centric and integrative approach toward our
inner being, the earth and its communities Outlines proposed by [81] also draw from transformative
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learning concepts and propose key competencies including: “Gestaltungskompetenz” [82,83]; heads,
hands, and heart tools [84]; values, knowing, skills, understanding [85–87]; and a few others [88].

3. The Global Dimension

In the previous paragraph, sustainability values, attitudes and behaviors are tracked, mirroring
the culture, as socially transmitted behavior. Here we explore the connection of the local focus on
sustainability transition to a wider value dimension, sense of responsibility and identity given by a
new alternative culture (as, quoting Clyde Kluckhohn, it would not have been be fish who discovered
the existence of water [89]). The individual dimension is not enough to understand real opportunities
for the desired paradigm shift. A third part of this essay attempts to depict, from a higher level of
“Weltanschauung”, why we need to observe the meta-culture of change against current narratives of
positivism and technology fallacies.

3.1. Values Beyond Sustainable Development

Sustainable development, at its most theoretical level, highlights the values of economic
development, environmental, and social thriving. Whilst this three pillars model has been generally
accepted, it is now clear that tough trade-offs between these values, conflicting value promises,
and main concerns are rarely openly or debated, leading to increased misinterpretation, intensified
disagreement, and confusion.

Integrated sustainability values strategy aims to reconcile these constructively. Considering the
language of the UN General Assembly, the World Summit on Sustainable Development, the Earth
Charter, and the Global Scenario Group, values for sustainable development include ‘freedom, equality,
unity, tolerance, regard for nature, and joint responsibility’. More specific and practical translation
of these aspirations were posed to echo more specific actions for achieving a global peace, equitable
development, diffuse human rights, African protection, and so forth. It was through this lens that the
United Nations in 2015 took the very ambitious step of setting its 17 Sustainability Development Goals
(SDGs).

The 17 SDGs address social and economic development whilst incorporating poverty, hunger,
health, gender equality, water, sanitation, education, climate change, energy, environment, and social
justice issues. They differed from their forerunners—the eight UN Millennium Development Goals
(MDGs) set in 2000—in crucial ways. Their focus was on social issues in developing countries and
success was limited to areas such as impacting poverty, HIV and malaria. In setting the SDGs,
the most extensive global consultation in history was launched to gauge opinion on what they should
include, embracing governments, international organizations, academia, civil society, businesses,
and individuals around the world. With the world’s population set to exceed 8.5 billion by 2030,
growing demands on resources will in turn heighten risks of insecurity, poverty, and disadvantage.
The rapid advances in digital technology and artificial intelligence brings to light new risks and
impacts the way we work. As Spangenberg [90] warns, the SDGs can be seen re found to be weak
on ‘agency’, since public administrations have limited duties on reporting and achievements, while
business or consumers almost none (which is why success of SDGs is seen to be through the private,
not public sector).

SDGs have made a big effort on compromise and discussion among nations and rights. However,
being so wide they can just focus on a single state and impact, overlooking the burdens and in the
end allowing contemporary counterproductive drivers. In order to allow positive interaction between
the different targets, the means of implementation must set legally binding guidelines and criteria
for all important stakeholders and entities (importantly including business), for ruling the market
second equity principles, for a transparent governance of the public–private partnership instead of
deregulation, and for a stronger role of public bodies and citizens and all main civil society assemblies.

The attitudes pursuing the values carried by SDGs should address the root causes of the
inequalities and climate breakdown we live in. This requires behaviors taking more radical steps than
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corporate social responsibility (CSR) reports or the frequent intellectual exercises of greenwashing. For
success with the SDGs, we need to go to the roots of our analysis, be visionary in willing change and
stop defending the status quo, individually and as a society.

But what is at the root for change?

3.2. Three Main Narratives of Change

While SDGs condense the values and bring attitudes for radical change in society and ourselves
towards sustainability, three main narratives of this change are taking place, as envisaged by Sörlin
and here redrawn in more general terms.

3.2.1. The Anthropocene “Weltanschauung”

One such narrative of change is the Anthropocene “Weltanschauung”, a German word for a
fundamental concept of German philosophy and epistemology referring to a wide world perception.

In the case of Anthropocene, it defines the radical new phase of earth history that begun when
human activities started to have a significant global impact on the Earth’s geology and ecosystems.
In the words of the eminent geographers and sociologists, we need to start thinking in revolutionary
terms about the opportunities to impact this earth with a regenerative switch [91–93].

Jason suggests we live in the ‘age of capital,’ the Capitalocene [94], seen as arrangement of control,
profit, and re/production as the essence of life. The troubled binary relationship of human/nature is
one cause of our reluctance to consider human organizations—in addition to capitalism—as part of
nature [95]. Societal post-war transformations must be viewed also in the light of how they work into
procedures of power, capital, and nature established four centuries earlier, which have at their bases
values such as the scientific progress and anthropocentrism.

Such values misled humanity in the believing of possessing an intellectual culture very far from
giving us a better knowledge of our life conditions, since our relationship with our cultural instruments
is strongly mediated by technology [96]. In other words, we are prisoners of the culture (as a mix of
values, attitudes, and behaviors) we produced, and we live in, like fish in a stream of water. However,
unlike other species, we are also able to see where we are heading.

While the meta-culture is usually a very difficult operation, being wide, branched, and enveloping,
we, as members of the academic sector and elements delivering culture, must reflect upon this issue
and be aware of the power of this narrative. Ethics and values lie at the very heart of the SDGs and
can be seen as a vision for how we want to share the earth’s resources among the whole of humanity.
We now are aware that earth’s resources are finite and that the human population is on track to reach
approximately 10 billion by the middle of this century. Ethically, it is hard to argue that any one
individual has more or less right to development than any other person on earth. For not exceeding
planetary boundaries while increasing social justice [97–99], we need to be well-informed and develop
brave imagination, responsible reflexivity, and a market with a sense of direction [100]. The last
centuries’ myths demonstrated that laws of economic motion produce intentional inequality, and that
is why it is an incredibly exciting time to redesign the economy so that we meet the needs of all within
the means of the planet. Drawing from the Kluckhohn fishes’ metaphor, we must imagine to proceed
in the counter stream [68] and observe how the ‘dominion’ of man over nature finds its root very far,
and show its limit with all the clarity of natural disaster and diffused unhappiness of individuals.

3.2.2. The ‘Extended Now’ and the Right to Development

The second great transformative narrative is the directionality of this change [97]. In the book
“Regimes d’historicité” [101], Francois Hartog describes the years after 1989 as a period when time had
lost track, since the past and future appear of no importance in a system destroyed in its inner values.
Before 1789, the past strongly informed the current life. Between 1789 and 1989, the fascination with
the future. According to Hartog, our time is trapped between fears and senses, of one of emptiness,
against a scenario where the earth ecosystem is devastated by a market still running as it was created
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in the initial capitalism. The ‘extended now’ is a well detected phenomenon, but we can still influence
and heal the future, with narratives of positive change (for example through resilience) and improving
the environment through principles of regenerative sustainability [14].

A regenerative sustainability shift allows for profound personal, societal, and global renewal,
likened to the deeply religious, but perhaps heretical, sense that Franciscans claimed as the spiritual
independence of all parts of nature. Fairness, equality, respect between humans and all other natural
components are revolutionary values proposed by St. Francis. His belief in the value of humility, not
merely for the individual but for man as a species, set up a form of democracy of all God’s creatures,
putting human beings in a system of equality. It is perhaps regrettable that our current science and
technology are so entangled with a certain Christian/western arrogance towards nature, that any
solution from here alone cannot be trusted [102].

That concept of domination over nature re-emerged fiercely between 1500 and 1600 and was
enshrined in Western culture until recently, where our values allow investing in more and more
technological power than political wisdom (the vested interests became stronger than public ones),
giving authority to lineal causal planning instead of holistic approaches, giving privilege to arrogance
and not to scientific understanding of complexity, prioritizing the short-term, instead of the long-term
strategic vision [103,104].

3.2.3. The New Epistemology for Transdisciplinarity

The third great transformative narrative is the epistemological widening of the domain of
knowledge, that is often the tool called into action for the big climate change challenge. Recent
research is composed of specialists of multifaceted analysis, dealing with what Ronald Barnett called
“supercomplexity” [105,106]. A new epistemology is needed above all in the places of knowledge
transfer and sharing.

Great utopias like the Tommaso Campanella “La città del sole” or the “New Atlantis” by Francis
Bacon have generated a mentality that is technically possible [107,108], regardless of a duty of respect
for the created world that has been “entrusted to man’s responsibility for its conservation and the
maintenance of its beauty”. The perspectives and promises of the socio-technical system in which we
are still immersed are retraceable also in the discourses of the great intellectuals of the 17th century
([109], p. 168).

A key to that future utopia, a non-place, cannot be found in human nature: the key must in a
revolutionary relationship between human culture and nature. The true utopia is our modernity, our
techno-scientific vision of the world was that of Descartes, connecting that of the Renaissance alchemists
and the research groups of our laboratories. This utopia is an intentional narrative accountable
for the prevailing and furious alterations to the terrestrial landscape up to today’s ecological and
individual/phycological crisis. The contemporary rise of fundamentalists can be intended as a way to
recover a sort of identity from the past, where the society has lost all its norms and values (anomia),
and broke down all its social structures (atomia) [110,111], and seeks for a new epistemology.

The epistemological widening of the domain of knowledge is often the tool called into
action for this big “supercomplexity” challenge of sustainability, embracing social, economic, and
environmental issues in uncertain and unpredictable ways [106]. A new epistemology is needed
in the knowledge transfer and sharing, communicating values of openness, boldness, community
engagement, accessibility, and that should give to students occasions to learn how to solve societal
challenges through experience

Such a new transdisciplinary epistemology should teach how to listen to many points of view
and embrace uncertainty. The branch of integrative humanities emerged for understanding of such
contemporary complexity and against the supremacy of any functionalist rhetoric as another symbolical
turning point for this movement.

Aldo Leopold [112] can be viewed as a tipping point for such change in thinking: “We abuse the
land because we regard it as a commodity belonging to us. When we see the land as a community
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to which we belong we may begin to use it with love and respect” (p. 373, [113]). Other attempts to
articulate the zeitgeist of regenerative sustainability can be seen in Henry David Thoreau’s Walden [114],
in the rewilding of the land called for by George Monbiot [115], in Rachel Carson’s 1967 “Silent
Spring” [116] and in Brown’s “FutuREstorative” [14], as well as in the recent “Doughnut Economics”
from Kate Raworth [96].

This awareness brought the discourse to the third part of this paper, exploring the task of our
role as academics in regenerative and revolutionary ‘integrative humanities’ science, with education
outlined as an essential element for moving from sustainability to regenerative paradigms.

4. The Role of University

A “Great Transformation”, in the words of Karl Polanyi, is needed to reorganize our knowledge,
our education and our markets [117]. Drawing from Arendt’s claim, science must now arise as a matter
of political debate [118].

An essential element for this shift education [88,112,119]. This means rethinking, from a “change
in education” to an “education for change” [120]. Eco-literacy in this sense may be the new seed to plant
in future generations moving towards a collaborative, cooperative, and responsible approach [121–123].

4.1. The Importance of Words and Practices in Sustainability Education

Universities may take the responsibility of injecting behavioral change in future citizens and
decision makers, considering the “acting”, the “going”, as a form of responsibility itself [124].
Communication is crucial since responsibility arises first by making all sustainability actions visible,
and by creating a common language for sustainability, since a language deficit brings an attention
deficit [125].

As suggested in the international literature, to act in an integrated lens is essential to develop a
proper sustainability plan [126–128]. The University could, and should be the place of value transition,
proceeding with coordinated actions on two fronts: implementing sustainability education, stressing
its potential and in practicing what it preaches the classroom.

Transition theories also focus on the process of change [129] and transition (such as enroll in a new
university, moving, getting a new job, or retiring). University-based policy initiatives could leverage
into these ‘moments of change’ that characterize each new academic year.

The University can ultimately be an actor in society, being the place to reflect upon the relationship
between the tecnè (τέχνη), our know-how on how cultural instruments should be used, and the ethos
(ἦθoς), the value system that should be able to control it. With integrative humanities support [130],
a future university can overcome disciplinary silos, merging Social Science and Humanities (SSH) and
Science, Technology, Engineering and Mathematics (STEM) in a problem-based knowledge transfer
and co-creation systems [131–133].

The change in the teaching/research system requires interdisciplinary studies to replace the
conventional lecture, or course-based education: more open (including external, green, and biophilic)
spaces providing place for cooperation, interactions, workshops, co-study and greater academic
recognition for qualitative studies will be needed [134,135]

In addition, any education agenda for regenerative sustainability will need to rethink the scientific
mindset and tools to enable change curriculum networks at all levels of education, from kindergarten
to university, in vocational training schools and in business. The educational system should strengthen
the bonds between nature, biophilic design, biodiversity, buildings, and other ecosystems which have
impacts on us as humans [31,136,137]. Citizens will take an important task working with experts and
researchers from the academia and other research institutions and organizations to understand the
scientific effects of climate change [138].
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4.2. Four Practicable SDGs Recommended for Implementation in Higher Education Institutions

As practical examples of implementation, we propose four actions per each of the issues envisaged
in Leiserowitz [33,139,140] as current barriers for behavioral change. For each issue, a specific university
action is proposed:

1. SDG 4: Individuals (and the institutions they are affiliated with) can claim they do not have the
time or background knowledge, or skills, or they do not think their single act may be effective.
The university should offer courses for students, administrative staff, and professors regarding
sustainable behaviors and their social, economic, and environmental impacts while suggesting
practical tips for a wiser energy and resource consumption both at work and at home.

2. SDG 17: People will claim for physical obstacles to reach sustainability goals inside the university:
the lack of an eco-friendly mobility infrastructure, or technology for renewable energy production,
laws allowing a more flexible purchase of goods selected upon green criteria, elevated cost
for the ‘greener’ choice. The coalition of national universities for sustainability may be the
collector of single intentions to ask energy providers for lower renewable energy costs, or national
governments for more flexible rules for green purchases.

3. SDG 12: Even when not acknowledged, habit and routine are strong barriers for people and
institutions willing to change their behaviors. Even the simple disposing of recyclable waste, or
switching off lights when exiting the office, can require time to change habits. However, recent
evidence suggests that we act irrationally very often and that a stringent law in response to a
shocking event can change the habits from one day to another.

The introduction of the smoking ban inside public buildings, hard punishment for drunk driving,
mandatory seat belts, are all cases of single behaviors that saw a relatively quick change. Aside from
this top–down strategy, the concept of ‘bounded rationality’ has been proposed by psychological
economics claiming that logical decision-making is frequently imperfect for lack of time, or for the high
number of alternatives that leads to postponement [141]. This ‘paradox of choice’ can be intensified
when dealing with the complexity of defining green behavior. In this case, the university may support
new habits taking the responsibility of selecting, with the help of in-house environmental experts, the
products and the consumption behavioral path that are scientifically found more sustainable, thus
inducing a ‘forced’ but informed new greener, choice.

4. SDG 13: As also argued by Shove [142], the complexity of sustainable behavior cannot be
tackled just by placing independent driving features, such as value systems and organization
settings, into simple causal models. Behavioral change is reciprocally encouraging. Dynamic and
visible management cared by a dedicated unit in universities may foster the making of positive
feedback loops, essential to support and accelerate the impact of a single behavioral change.
A more active approach that considers not users, but humans as part of the set-up they live and
work in, is also encouraged by the theory-U [37] for the co-creation of values. Shove’s ‘three
elements model’ (material—meanings-procedures) highlights the value of little gestures that can
be easily promoted and performed by universities: for instance, providing physical items that
allow or make easy a green behavior (such as waste points collections or energy consumption
displays). A prosumer strategy put in place by communication offices in universities may
profit of the co-creation with students and professors of a self-tailor-made strategy for effective
sustainability communication, and increased wellbeing of all. Prosumer in the same institutions
may easily identify a key field of action where the university can improve its environmental
footprint—both in campus operations (estate management, procurement, etc.), and in teaching,
research, and public impact—identify methods to communicate objectives to target audiences
and enable individual communications projects to contribute towards a coordinated student
engagement campaign.
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5. Conclusions

Humans are at the center of global climate breakdown: The United Nations Sustainable
Development Goals (SDGs) have ignited sustainability with proactive, global, social goals, moving us
away from the ‘do nothing today to compromise tomorrow’s generation’. This Brundtland paradigm
promotes a regenerative shift in the sustainability concept, no longer only considering resources
and energy, but also the significant human-centric attributes. Despite this, precise ecological and
sustainable attitudes have little prognostic value regarding final related individual human behavior.
The global cultural contest, dominated by technological innovations, anthropocentric imperatives, the
mirroring technological fallacy and the oblivion of ethical reasoning, makes the role of small actions,
both at individual and academic scale even harder. To outline the context in which universities can
collaborate to trigger sustainability values, attitudes, and behavior in future regenerated societies, this
contribution is articulated in three main parts.

The first part analyzes the issue of sustainability transitions at the individual scale, where
influencing factors and value-behavior links are presented as reviewed from a number of multi
and transdisciplinary scholars’ works. Structural and cultural factors are found to be a noteworthy part
in behavioral change shaping. This means that working upon strategies tailor-made for specific target
of people is far more effective than promoting general policies for sustainable consumption. Moreover,
personal agency (as the ability to deliberately select, perform, and achieve personal intentions and
desires) is crucial to obtain visible results in sustainable behavioral change. Mindfulness practices are
found to be very useful tools to help illuminate one’s values, to learn how to think more impartially, so
that students can re-experience and gather attitudes that may be truer and respondent to real intentions.
Mindfulness training can also help us to become witnesses of our mind processes, and thus more
critical when receiving an external narrative/influence/desire.

The second part enlarges the picture to the global dimension, tracking the ideological steps
of our current environmental crisis from the differences in prevailing western and eastern values,
tradition, and perspectives, to the technological fallacy and the power of the narratives of changes.
The heretical and revolutionary figure of St. Francis, recalled by the last Pope encyclic, breaks the
attitudes of domination, derived from Genesis, with his belief in the value of humility, not merely for
the individual but for man as a species, setting up a sort of democracy of all God’s creatures.

The epistemological widening of the domain of knowledge is often a tool called into action
for the big “supercomplexity” challenge of sustainability. A new epistemology is needed above
all in the places of knowledge transfer and sharing like the university of the future, that should
communicate values of openness, boldness, community engagement, accessibility, and that should
give to students occasions to learn how to solve societal challenges by experiencing them in the streets.
A new transdisciplinary epistemology should teach to listen to many points of view and embrace
uncertainty. The branch of integrative humanities emerged precisely for the quest for much more
authoritative and suitable understanding of such contemporary complexity and against the supremacy
of the functionalist rhetoric.

This awareness brought the discourse to the third part of the paper, exploring the task of our
role as academics in the revolutionary ‘integrative humanities’ science, as education is outlined as an
essential element for moving from sustainability to regenerative paradigms.

Eventually, universities may take the societal role of injecting behavioral change in future citizens
and decision makers, considering the ‘acting’, the ‘going’, as a form of responsibility itself.

Scaling up from the individual shift towards sustainability into a global shift must address the
issue of responsibility. We may cite Edgar Morin in the beginning of his book [143]: “I felt in touch with
the heritage of the planet, animated by the religion of what unites, from the rejection of what he refuses;
animated by an infinite solidarity” ([143], p. 1). The aspiration and the intent of a planetary humanism
offers the values, attitudes, and behavior not only as origin and purpose of complex thought, but also
as a concrete journey of individual and global regeneration for exiting the crises of our time.
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As suggested in the international literature, to act in an integrated optic is essential to develop an
effectively-communicated sustainability plan. The University could, and should, be the place of value
transition, proceeding with coordinated actions on two tracks: one, by implementing sustainability
education, stressing the potential it has to orientate the civic sense; the other, for practicing what it
preaches in its classrooms, by profiting of the transition moment of students enrolling or new staff
hiring, experiencing concrete sustainable practices take place in the daily campus operations.
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