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Abstract

Progress on the Sustainable Development Goals (SDGs) depends, in part, on the sustainability competencies of
professionals in various fields, and thus, on the implementation of sustainability curricula in higher education
While many universities now offer sustainability curricula, and many more aspire to, there is a lack of evidence
on what supports or hinders such implementation. This article presents-atmastaon 13 case studies from
universities around the world dsynthesizes the main drivers and barriers, identifies information gaps, and tests
prominent assumptions on implementing sustainability curricula in higher education. The findings confirm that
such implementatiornis associated with strong leadership by thniversity; incentives and support through
professional development; concurrent implementation of sustainability in research, campus operations, and
outreach; formal involvement of internal and external stakeholders as well as sustainability chamqmags, a
others.Common research protocolsr case studies are neededyield comparabledata on thseinfluencing
variablesandto enhance reliability of crossase comparisons. Most sustainability programs could utilize the
findings for informing their imgmentation processes.

Keywords: barriers, curriculum change,drivers, @ucation for sustainable developmeniniversities
sustainability,higher education institutionsjetaanalysis sustainability curricula implementation process

1. Introduction
1.1 The Relevance of Higher Education for Sustainability

Pressing sustainability challenges such as climate change, loss of biodiversitgecemcimic injustices, and

currently a pandemic call for accelerated progress on the Sustainable Development GGals ((Bited

Nations [UN], 2020). 8stainable developmemnts d e f demedodmerd that rheets the needs of the present

wi t hout compromising the ability of future generati
Environment and DevelopmefWCED], 1987, chapter 2, paragraph-1gnd operationalized through the SDGs.

Higher education institutions (HEIS) act as an important catalyst to initiate and establish sustainable development
(Sachs et al., 2019) as it is primarily liigher education that tomoow's professionals and potential change

agents are educated in a variety of disciplines to take on core positions in society (Haigh & Clifford, 2011).
Education for sustainable development (ESDg vel ops students® competeagncies f
sustainable development (Holdsworth & Thomas, 2020; Shephard, Rieckmann, & Barth, 2019). For a true
transformation, innovative teaching and learning approaches t h s pace for the | earner
assumptions and valuesre the most mising means to challenge established ontologies and epistemologies

(see also Table 1). YdeESD i s “not just another issue to be added
to a different view of curriculum, of pedagogy, of organizational chanfge, p ol i cy and parti cul
(Sterling, 2004, p50).

Therefore, the most profound approach to ESD in HElIs is anchoring sustainability on the curricul {Belekel

e
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2015). In the following we understarithplementation process(es) efistainability curriculaa s  “ [ . o] t h
development and implementation of new approaches to teaching and learning (courses and programs) in the
paradigm of education for sustainable development, and at the same time the acknowledgement of sustainability
asacrosc utting theme within t he 4&)xInthi$ domteyt, trguplementation a” ( B a
processs understood to be an institutional implementation process with various internal and external drivers and
barriers.

A number of HEIs ha& begun to implement sustainability curricula, using diffeymotesses and yielding
different outcomes (Lozano et al., 2015; Wals, 2009). Empirical research on implementation has focused on
single or a small number of casd$ence,there is a need for metastudy to derive general insights on
implementing sustainability curricula (Barth & Thomas, 2012; Fien, 2002)

This metastudy analyses BXxase studies worldwideddressing the following research questions:

1. What are the most common drivers doadriers of implementing sustainability curricula in HEIS?
2. Do the findings confirm existing assumptions on drivers and barriers of implementing sustainability
curricula in HEIs?

Data analysis included: (a) synthesizing the most common drivers and bigopaen list) (frequency analysis);
(b) rating the level of implementation (case survey coding process); aliwk{oy drivers and barriers to the
implementation levelschi-square tests)

The findings could be used to enhance the institutional amghofiexisting sustainability programs as well as
guide universities that aspire to implement a sustainability curriculum in the future.

1.2 State of Research on Implenting Sustainability Curricula

Sustainability curriculaan be implemented to differedégrees or levelm HEIs. One of the most established

concepts for describing the types of educational responses to sustainability in higher education is provided by
Sterling and Thomas (2006)Tdble 3 , ranging from deomn@al (i@hdaboutadchange
sustainabiilni“t yedu,clauii lod for sustainability), and r
implementation (redesign) anchors sustainability at the core of the HEI, extending beyond education into all
domains of the institutiorThis change is transformative, affects university leadership, faculty, students, and staff.

A redesign of curricula is also linked to innovative and transformative teaching and learning approaches. To
change epistemological assumptions a shift needs ¢opialce moving from firsbrder learning to thirgrder

learning (Mochizuki & Yarime, 2016).
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Tablel. Levels of implementing sustainability curricula in HEIs

Level Type of ESD Description Pedagogical
Approach
high/ redesign education -holistic change and paradigm shift that places emancipatory &
very assustainability sustainability principles, ethics, and values at th transformative
strong core of the curriculum requiring the engagemen (third-order
the whole person and institution learning)

-ESD is integrated into common core reguients
and/or the vision of the HEI
middle/ , b wii 1 education -significant changes to the curriculum by includil
strong for a coherent coverage of content, values, and skil
sustainability associated with sustainable development and a
critical questioning of assumptions
-sustainability is addressed in (interdisciplinary)
programs/courses focusing on integrating
sustainability issues
-first linkages from ESD modules to other HEI
areas such agperations/campus

low/ , b-@Int educatiorabout -leaves current paradigm change unchallenged instrumental &

weak sustainability -sustainability concepts are added to specific ~ simplistic
disciplinary existing courses or programs (conte (first-order
based sustainability literacy) learning)
-minimal effort from the institution

very denial no change /

weak

Adapted from Sterling (2001), Sterling and Thomas (2006)

HEIls, however, are often resistant to change (N. Evans & Henrichsen, 2008). Nustef@i®lders with
different interestsyalues, and attitudes are required for curriculum changes (BRmitela, Benayas, Pertierra,

& Lozano, 2017; Cortese, 2003), which makes implementing sustainability curricula challenging (Thomas,
2016).

Building upon broader curriculum change research (Barnett, Parry, & Coate, 2001; Geschwind, 2019;

KeesingStyles, Nash, & Ayres, 2014; Lattuca & Stark, 2009), a number of studies have been conducted on
implementing sustainability curricula in HEIs (Barth, MichelsRieckmann, & Thomas, 2018Yeiss & Barth

2019). In particular supporting and hindering factors have been studied through literature reviews (Velazquez,
Munguia, Platt, & Taddei, 2006), individual case studies (Cebrid, 2017), comparative sroalie stuies

(Ralph & Stubbs, 2014), theoretical models (Barth, 2015), and a large survey focused on barriers (Avila et al.,
2017).

A logic model of curriculum change (Barth, 2015) 1[I inl
to advance their comet ence in teaching sustainability, student
(presidential level) support of the implementation. External factors include laws, accreditation, public funding,
empl oyers® expectat i oessure frannegternaladidrsiocinternal changesiintleadenship P r
opens windows of opportunity to advance implementation of sustainability curricula. Within the HEI, priority

setting in vision and mission (strategic planning), available resources, teachindeanthg culture,
(inter)disciplinary structure, and institutional routines such as communication flows and a competitive or
collaborative environment play important roles for the implementation process.

Below, we present prominent assumptions on drigadsbarriers extracted from previous studies.
The Role of Incentives and Professional Development

Incentives and professional development are identified as either important preconditions or drivers of change in
higher education in general (Geschwind, 208&d implementing sustainability curricula in particular (Lidgren,

Rodhe, & Huisingh, 2006; Ralph &tubbs, 2014). Examples of incentives include awards for innovative

teaching approaches, workload reduction for curriculum redesign, financial incesttipesmotion incentives
(Ferrer-Balas et al ., 2008) . Professional devel opmel
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motivate and support faculty to implement sustainability across the curriculum (Barth & Rieckmann, 2012).
From this reviewye derive:

Assumption ¥ The more incentives and professional development opportunities are offered, the masedikely
more comprehensinimplementation of sustainability curricula

The Role of Integration of Sustainability across Education, Research, Campus Operations, and Outreach

Implementing innovations in a curriculum is influenced by overall strategies of the HEI. Synergies between
teaching and research (Griffiths, 2004), Iéagnand community partnerships (Buys & Bursnall, 2007), and the
campus used as a living lab (J. Evans, Jones, Karvonen, Millard, & Wendler, 2015) are examples that apply to all
disciplines.

Accordingly, the sustainability strategy of an HEI influencesriculum changes (Sterling, 2004).
Implementation of sustainability curricula is associated with efforts of integrating sustainability into research,
campus operations, and outreach activities (Gramatakos & Lavau, 2019; Vargas, Lawthom, Prowse, Randles, &
Tzoulas, 2019; Yarime et al., 2012). For example, outreach activities with businesses, communities, or NGOs can
advance implementing sustainability curricula because these partnerships call for students being able to engage
with a variety of realvorld projects to cedevelop sustainable solutions (Trencher, Yarime, McCormick, Doll, &
Kraines, 2014; Wiek, Xiong, Brundiers, & van der Leeuw, 2014). From this review, we derive:

Assumption 2 The moresustainability is integrated in research, campus operatiansl outreach, the mor
likely is a more comprehensiimplementation of sustainability curricula

1]

The Role of Leadership

Leadership strongly mediates to what extent curriculum changes in general take place (Fumasoli & Stensaker,
2013). Leadership forimplme nt i ng sustainability curricula can unfoc
vision, commitment, strategic planning, and communication can all absorb sustainability on the leadership level
(Bauer, Bormann, Kummer, Niedlich, & Rieckmann, 203@#)jch then can demand or allow for implementing
sustainability curricula. However, other stakeholders (e.g., faculty as sustainability champions) are essential for a
successful implementation as tdpwn and bottorup initiatives often go hanith-hand (Fe r er - Bal as et
2008; Ralph &Stubbs, 2014)rom this review, we derive:

Assumption 3 The more leadership support is offered, the more likedyri®re comprehensivmplementation
of sustainability curricula

The Role of Faculty and Students

Curriculum changes require active involvement of all internal stakeholdesjust to overcome apprehension,

but to capitalize on <collective knowledge and expe:
perception of sustainability, links to their digline, resistance to change, and take on academic freedom are
important influencing factors (Cotton, Bailey, Warren, & Bissell, 2009; Reid & Petocz, 2006). Complementarily,

s t u d attitudesfdr sustainability topicgBorges, 2019) anchéir demand putgpressure on universitie®

develop sustainability curricula early in the implementation prostde theiracceptance and choices are vital

to advance the implementation and establish sustainability courses and programs in the long term (Barth, 2013).
From this review, we derive:

Assumptiort - The more internal stakeholders (faculty, students) are actively involved, the more lkehpie
comprehensivamplementation of sustainability curricula

The Role of Sustainability Champions

Organizational chages and curriculum innovations in general require early adopters or champions (Brint et al.,
2011) Sustainability champions, in this context, can be described as early adopters that pioneer implementation
of sustainabil ity c2008;Pureely Hearikgerr & Bpengler-2@818)| These aetors azelvital,
for getting the implementation process off the ground by putting effort and time into it without any formal
incentives. They can be individuals or (small) collectives from any stakelglogp: students who set up their

own sustainability course; a faculty member who develops a sustainability certificate program; or a new
university president who brings a strong sustainability vision to an HEI. Most often, individual faculty members
pioneer sustainability education at their HEI (Barth, 2015). From this review, we derive:

Assumption 5 The more the process is pioneered by sustainability champions, the more likelyndase
comprehensivenplementation of sustainability curricula
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The Roleof External Stakeholders

State and federal laws and public funding determines the extent to which implementation of curriculum change

is specified or supported. Furthermore, the call of employers and professional associations for employability and
new comgtencies like the need for sustainability skills influence curriculum changes. Also, recognition of
sustainability by society at large can lead to a call for new programs. Finally, NGOs can act as supporting
stakeholders, too. These influences have beessiigated for general organizational change in higher education
(Gornitzka, 1999; Teichler, 1999; Vdimaa & Hoffman, 2008), and in several case studies on sustainability
curriculum i mpl ement at i on-Ngr& ®ielemamn, & Bugr-Mason, 2@06).a-ftom , 2008
this review, we derive:

Assumption 6 The more external stakeholders are actively involved, the more likalynisre comprehensiv
implementation of sustainability curricula

[¢)

2. Research Design

We analyzecase studies on sustainability curricula implementation processes around the globe through the case
survey method, a me@manal yti cal technique that all ows “to syste
casecbased research [ ..]i,dearl | @evin exrga Ifiozxatai oomu cthhawmn fr om si
2009).

The study was conducted in five steps:

1. Sampling:A case is defined as a sustainability curricula implementation process in a higher education
institution. The sample includes case digs from different cultural contexts, employing different concepts of
sustainability and of ESD. Case studies were selected based on the following criteria: Case studies of higher
education institutions that describe the implementation process of shaigimarricula (including supporting

and hindering factors) to some extent, published in English, inrpeiewed journals and books, between 1990

and 2018 Case studies were identified through the review of abstracts: (1) frorx tloeimals most reévant

for HESD, (2) fromthree databases (Web of Science, Scopus, ElRiGYythe searchstring (TITLE-ABS-KEY
((“higher education” OR wuniversit*sO®ORowcwodal pgedORat'ita
facult*) AND (curricul* OR course OR prog'rm OR degree) AND (“education for
“education for sustainabi (3 tandffom @R relevant lsovkaseriefhebcasei t y e d
sample was reviewed by ten experts worldwide. Excluding duplicates, the case umvkmded 230 case

studies and 270 publicationBor this study, we selectelB3 case studiesn which at least one publication
focused(more than a paragrapbp the implementation process of sustainability curricula (see appendix Table

B1 for a full list of the sample). Information from the respective websites of the HEIs supplemented the data set.
Full description of the study design and the sample can be fousdpplementary materialgveiss & Barth

2019, 2020a, 2020b, 2020c). The sample is structured as fokogusd ): 30% of cases come from the U.S. or

from Germany, 23% from Asia and fewer cases from Australia and Oceania, Latin America and the Caribbean
and Africa. Most HEIs are mediusized (41%) or large (31%), with 75% offering a diversity of disciplines
(humanities, social sciences, natural sciences, life sciences, engineering), and 32% with a sustainability
faculty/department/center/chair. 16% caseere at the redesign level, 56% used the bnilbproach, and 27%

the bolton approach. Only 59% of all case studies provide empirical data. The number of publications that
constitute a case study varied from 1 (63%) to 2 (20%) and (hd?6) with 11 piblications as the highest input

59% of case refer to implementation in curricula across the university (general studies approach), the remaining
cases refer to implementation in curricula at a department or in an individual curriculum.

2. Coding scheme edelopment A coding scheme with 111 standardized variables and detailed definition,
operationalizationand measurement was designed to translate qualitative data from the case studies into
quantitative dataWeiss & Barth 2020c). The coding scheme issbd on previous research on drivers and
barriers associated with sustainability curriculum change, complemented with insights from the case studies.

Variables were predominantlglassified as: (a) barrier (lack of/weak), (b) medium (described, but with
undear/ambivalent impact), (c) driver (high/strong), (d) other (if no category matched the description), or (e) not
described (missing information). To rate the variaistainability curricula implementatiomve used the-tem

scale presented above (Stagland Thomas, 2006).

3. Case codingA database of quantitative data and a supplementary factsheet providegthinqualitative data
for each case were produced. Coding was conducted by 5 trained coders using a protocol, nétterinter
agreement 0d®4% tested for 10 % of the cases.

4. Crosscase analysisiWe analyzed the quantitative data by performing frequency analysis to examine which
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drivers and barriers are described most often. Detailed statistics for all 111 variables can be fiaigsi&. (
Barth 2020a).

5. Testing assumptions from the literatufdhe assumptions were tested base® @a r shpsguare tests with

a sample of 132 case studies (1 case was excluded as it comprised an own category with too little comparable
datg. Additionally, standardized residuals provide information which cells contribute to a significasduduie

value(if the cell is beyond & 2, then the cell can be considered a major contrip(&rarpe, 2015)To indicate

the strength of the associatji@r a me was ased¥0.3is generally considerea strong associationyhereby,
Fisher"s exact test (Howel I , 2012) and Monte Carl o s
fewer frequencies for some cell sizes (Fienberg, 1979). Deseriiptiquency plots of all variables that went into

the assumptions are included in the apperfeigure Al).

Continent Size HEI Diversity of Sustainability Sustainability
disciplines sciences curricula
implementation

100
|
100
|
100
|

100
|

100
]

NA
<6,000 students

Australia & Oceania
redesign

80
|
80
1

25,000 students 2

80
I

80
1

North America

60

| |[atin America & the Carobean 2 gt 8 € 1 build-in

40

20
1

Africa no change

Institutional level Integration Empirical data References
approach

II?U
100
1[‘20
100

1

7 NA

other
other

80
1
I
80

course

new department yes yes

60

general studies approach

40

20

Figure 1 Sample description
Note.N=133 case studies;-gixis shows count in percent

3. Findings
3.1 Most common Drivers and Barriers of the Implementation

The most common drivers and barriers are listedrigure 2, where strong coordination (63 cases = 47%)

features as the most common driver, and a lack of interdisciplinary competence of faculty, (39 cases = 29%) as

the most common barrier. Some of the-idpdrivers and barriers are directly corresponding, which emphasizes
their i mportance for the i mplementation process. For
sustainability fostered the implementation process, while a lack of sustajnabilitn t he HEI “s vi si on
in 28% of cases. Similarly, strong leadership in sustainability education was a driver in 34% of cases, while weak
leadership was a barrier in 10% of cases.

Other common drivers are: a strategic plan for implementaiocommunication strategy to reach various
stakeholders, involvement of internal and external stakeholders like the government and sustainability
champions, and a window of opportunity.
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Other common barriers are: the lack of incentives to engage facudtysfainability curricula development; the
organizational structure of the HEI (bureaucracy, guidelines, etc.); the structure of curricula which inhibited
introduction of sustainability topics; lack of time and personnel; and a lack of collaborationthvhinstitution

to share resources and knowledge.

63 Coordination

w
o

Interdisciplinary competence

61

w
co

Internal Priority setting [l Vision

m X

[=)]
o|

w
co

Window of opportunity |l Resources

-

Strategic plan

S

Sustainability champions

Organizational structure

N
w

Jary
w

Interdisciplinary'space [l Incentives

Jary
(+]

Crowded curriculum

Internal priority setting 17

U

C)I
[ary I
N
nwoxm-—3 3 >0

=
w

Communication Leadership

-y
o

Leadership Interdisciplinary space

44 Vision Collaboration 12

Figure2. Most common drivers and barriers for implementingtainability curricula at HEIs
Note.N=133 case studies; values indicate frequency of cases identifying driver/barrier

3.2 Alignment oAssumptions on Drivers and Barriers from Literature vs. this hMeidy
Assumption T The more incentives and professional development opportunities are offered, the moie dikely
more comprehensiimplementation of sustainability curricula

To testfor the assumed linkage between support and the level of sustainability curricula implementation, we ran
two separate ckgquare testsiricentivesand professional development opportunijie¥he two variables that
operationalize support show an overafjrsficant linkage( Fi s h e r * based enCa.sigrifitahce level of

0.05 (this applies to all of the following Hegpothese

detailed statistics please deigure 3.

N
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Incentives Professional development opportunities

lack of medium driver_ other not described lack of medium driver other not described

bolt-on build-in redesign bolt-on build-in redesign

Level of sustainability curricula implementation Level of sustainability curricula implementation

bolt-on build-in redesign bolt-on build-in redesign
lack of 1, 5.18, 17,10.79, 1,3.02, lack of 5,245, 4,511, 0,1.43,
(barrier) | -1.84 1.89 -1.16 (barrier) | 1.62 -.49 -12
medium/ | 2, 4.64, 9, 9.6, 6, 2.70, 2* medium/ | 5, 6,-.41 16, 12, .99 1, 3.5,
differing | -1.22 -.21 differing -1.34
yes 0, 3.55, 5 7.3, 8, 2.0, yes 1, 9.54, 16,19.8, 18,5%,
(driver) | -1.88 -.88 4.12* (driver) | -2.77* -0.87 5.27*
other 3, 5,511 1, 1.43, other 9, 14, 1, 3.2,

245,.% -05 -.36 6.54,.% 1364, .1 -1.44
not 30, 20.18, 39,42.04 5,11.77 not 16, 11.45, 25, 1, 6.68,
described| 2.19* -47 -1.98* described| 1.34 23.86, .23 -2.2*

X’=44.33, Fi OberCrsanmesl® X=5312 Fisher08 Gr=a2meds

Figure3. Linkages between support and sustainability curricula implementation in HEIs

Note.N=132 case studies; calculations are baseBemrson's Ckéquared test with simulatedvalue (based on
2000 replicates)the values in each cell depict the count, the expected values, and standardized residuals;
*significant at +/ 1.96

If support was in place significantly more cases than expected comprehensively implemented sustainability
curricula. Nearly 70% of all cases with curriculum redesignihegntivesin place, whereas just 5% of the cases

with a bolton approach had incenéis in place. Over 90% of all cases with full redesign offprefessional
developmenbpportunities (85% described it as a driver), whereas only 3% of the cases witloa &pfiroach
provided such offerings. Based on this data, we confirm assumptitla &re aware that a ebguare test cannot
indicate a direction of correlation. Howevasbarriers and drivers are described, and complementary qualitative
data underpin the direction, this link seems both logicalkapgorted by evidenc@&his also aples toall of the
following hypotheses

Assumption 2 The more sustainability is integrated in research, campus operations, and outreach, the more
likely is a more comprehensiimplementation of sustainability curricula

To test for the assumed linkagee ran four separate ebguare tests, which show significant linkages (research,
campus oper at i on sp<0.0Glyouteeach iacistied i Fsi hgetD@5)sWwith a rather strong
association (except f or o uffordetailedstatesticd piease Fguegd.) based
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Integration with sustainability research

active significant core focus not described

bolt-on build-in redesign

Level of sustainability curricula implementation

Integration with campus sustainability

no active significant core focus not described

balt-on build-in

Level of sustainability curricula implementation

redesign

bolt-on build-in redesign bolt-on build-in redesign
no 1,.27, 0,.57, 0, .16, no 5 1.4, 1,341, 0, .95
1.39 -.754 -4 2.63* -1.30 -.98
active 8, 15,15.34 4,4.29 active 3,4.09 10, 8.52 2,2.39,
7.36 .23 -.09 -.14 -54 51 -.25
significant| 6,11.45 31,23.86 5,6.68 significant| 1, 6.54, 18,13.64, 5,3.8
-1.61 1.46 -.65 -2.17* 1.18 .60
core focus| 0, 3.8, 5,7.95 9,2.23, core focus| 3, 7.91, 15,16.48, 11,4.61
-1.95 -1.06 4.54* -1.75 -.36 2.97*
not 21,131, 24,27.27 3,7.64, not 24,582, 31,3295 3,9.23,
described | 2.19* -.63 -1.68 described | 2.06* -.34 -2.05*
X’=41.40, Fi OerCrsaaneb8 X= 37.21, Fi06theGramer=

Integration with sustainability outreach activities

active significant__ core focus not described

bolt-on bulld-in redesign

Level of sustainability curricula implementation

Integration with synergies among the former

some. ushed not described

bolt-on build-in redesign

Level of sustainability curricula implementation

bolt-on build-in redesign bolt-on build-in redesign

no 1, .54, 1,1.14, 0,.32, no 2,.54, 0,1.14, 0,.32,-.56
0.61 -.13 -.56 1.97* -1.07

active 3,5.73, 17,11.93, 1, 3.34, some 4,10.91, 28,2273, 8,6.36,.65
-1.14 1.47 -1.28 -2.09* 111

significant| 5, 6,-.41 13, 4,35, .27 pushed | 0, 4.09, 10,852, 5,2.39,

125, .14 -2.02* .51 1.69

core focus| 1, 2.73, 4, 5.68, 5, 1.59, not 30, .45, 37,4261, 8,11.93,
-1.05 -71 2.70* described| 2.11* -.86 -1.14

not 26, 21, 40, 43.75, 11,12.25, X%= 25.05, FiG5heCGrasmer=

described | 1.09 -.57 -.36

X~ 16.6, Fisher“s p=0

Figured4. Linkages between the integration of sustainability in research, campus operations, outreach, plus

synergies, and sustainability curricula implementation in HEls
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Note.N=132 case studies; calculations are basedemrson's Ckéquared teswith simulated pvalue (based on
2000 replicates)the values in each cell depict the count, the expected values, and standardized residuals;
*significant at +# 1.96

If sustainability is implemented as a core focus in research, campus operations, tr@adhoactivities
significantly more cases than expected fully implemented sustainability curricula (redesign). In addition, if
sustainability synergies between these areas were seized, significantly fewer cases than expected showed a low
level of sustainfaility curricula implementation; and if no synergies were seized, more cases than expected had a
bolt-on approach. Based on this data, we confirm assumption 2

Assumption 3 The more leadership support is offered, the more likely is a more comprehemgieméntation
of sustainability curricula.

The chisquare test shows an overall significant linkage between the level of leadership and the type of

sustainability curricul awiitmpl|l @ meat @ei ost (&Fnghes S aecipat
(for detailed statistics please d&gure 3.
Leadership
edk srree g A bolt-on build-in redesign
weak 9,3.54, 4,7.39, 0,2.07,
2.9* -1.25 -1.44
differing | 6, 9.27, 19, 19.32, 9,5.41,
-1.07 -.07 1.54
strong 5,12.27, 28, 25,57, 12,7.16,
-2.08* 48 1.81
other 0, 1.91, 7, 3.98, 0, 1.11,
-1.38 1.52 -1.05
not 16,9, 2.33* 17,18.75, 0,5.25,
described -.40 -2.291*
bolt-on build-in redesign 2 - .
Level of sustainability curricula implementation X= 39.55, Fi@BberTsame?

Figure5. Linkage between leadership and sustainability curricula implementation in HEls

Note.N=132 case studies; calculations are basedemrson's Cksquared test with simulatedvalue (based on
2000 replicates)the values in each cell depict the count, éxpected values, and standardized residuals;
*significant at +# 1.96

There is a significant effect that no leadership is associated withlalow e |-o { ", )b od ft sust ai nabi | |
implementation. Of all cases with curriculum redesign, 57% describe strong leadershipidiem,. strategic

planning, incentives, codination) and 43% describe ambivalent leadership (efganging priorities, vision but

no strategy) The majority of bolon cases do not describe leadership (44%) or mention the lack thereof (25%).

Based on this data, we confirm assumption 3.

Assumptia 4 - The more internal stakeholders (faculty, students) are actively involved, the more likely is a more
comprehensivenplementation of sustainability curricula

To test for the assumed linkage, we ran two separateqclaire testsrfvolvement ofaculty andinvolvement of

studentsy, which show an overall significant Ilinkage for
for the involvement oFbrbah, thedseemdgthsof tiieRssaciaton is rathepladkd 0 7 )

on Cr a me r(forsdetailed statistics please sEgure §. However, the standardized residuals indicate a
significant linkage between th#ormal involvement (universitfed) of students during the sustainability
curricula implementation process and fullesign. This also hold true for the formal involvement of faculty.
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Involvement of faculty Involvement of students

informal formal other not described informal formal other not described

| /

/

bolt-on build-in redesign bolt-on build-in redesign

Level of sustainability curricula implementation Level of sustainability curricula implementation
bolt-on build-in redesign bolt-on build-in redesign

formal 7,13.36, 27,27.84, 15,7.79, formal 9,13.09, 25,27.27, 14,7.64,
-1.74 -0.16 2.58* -1.131 -43 2.30*

informal | 6, 4.09, 7,8.52, 2,2.39, informal | 2, 2.45, 7,5.11, 0, 1.43,
.94 -.52 -.25 -.29 .83 -1.2

other 8, 10.09, 26,21.02, 3,5.89, other 5,4.91, 12,10.23, 1, 2.86,
-.66 1.09 -1.19 .04 .55 -1.1

not 15, 8.45, 15,17.61, 1,4.93, not 20,15.54, 31,32.39, 6,9.07,

described| 2.25* -.62 -1.77 described| 1.13 -.24 -1.02

X~ 22.56, Fisherv=e2p=0 X>= 12.88, Fisher“s p=0

Figure6. Linkage between involvement of internal stakeholders (faculty, students) and sustainability curricula
implementation in HEIs

Note.N=132 case studiesalculations are based &earson'€hi-squared test with simulateevalue (based on
2000 replicatesthe values in each cell depict the count, the expected values, and standardized residuals;
*significant at +# 1.96

Ca. 67% of all cases with curriculum redesign, 33% of all Hnildags, and nearly 25% of all baih cases
describe a formal involvement of students. A formal involvement of faculty was described in 70% of cases with
full redesign, 36% of all builéh cases, and ca 20% of all bolt cases. If there only was informal (edson
personal initiative) involvement of faculty, it was often linked with a lower level of sustainability curricula

i mpl ement-ani on, dQpod4dl)t Based on this data, ywartially confirm assumption 4 for the
involvement of faculty, bunot for the involvement of students. However, there is supportive evidence for the
linkage betweefiormal involvement of students and a high level of sustainability curricula implementation.

Assumption 5 The more the process is pioneered by sustaityalihampions, the more likely B more
comprehensivenplementation of sustainability curricula

The chisquare test shows an overall significant linkage between sustainability champions and the level of
sustainabil ity curr i p<0.05foridetgidd statistiostplaase segure {j. Bassedhoa r “ s
the standardized residuals, a significant linkage sxisttween cases of full redesign and sustainability
champions. In ca. 67% of cases with curriculum redesign, 40% ofibuilases, andac 20% of bokon cases,
sustainability champions figured as drivers. Based on this data, we confirm assumption 5.
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Sustainability champions
e . . o bolt-on build-in redesign
lack of 1,0.54, 1, 1.14, 0, .32,-.56
(barrier) | .61 -.13
medium | 3, 1.64, 2,3.41, 1, .95, .05
1.07 -.76
yes 7,13.91, 30, 28.98, 14,8.11,
(driver) | -1.85 .19 2.07*
other 1,.82,.2 2,1.7,.23 0,0.47,
-.69
not 24,19.09, 40,39.77, 6,11.14,
— — e described| 1.12 .04 -1.54
2_ : T —
Level of sustainability curricula implementation X=1437Fi sher®s p=0.02,

Figure?. Linkage between sustainability champions and sustainability curricula implementation in HEIs

Note.N=132 case studies; calculations are basedemrson's Cksquared test with simulatedvalue (based on
2000 replicates) the values in each cell depict the count, the expected values, and standardized residuals;
*significant at +# 1.96

Assumption 6 The more external stakeholders are actively involved, the more likalynisre comprehensive
implementation bsustainability curricula

The chisquare test shows an overall significant linkage between involvement of external stakeholders and level

of sustainability curr i c ufordetailechstdtistionplenseadgureodIn aB3%s her “ s
of cases with full redesign, 27% of buill cases, and 11% of balh cases, external stakeholders were formally
(universityled) involved. Based on this data, we confirm assumption 6.

Involvement of external stakeholders
L oital LR bolt-on build-in redesign
formal 4,9,-1.67 20,18.75, 9,5.25,
.29 1.64
informal | 4, 1.64, 2,3.41, 0, .95,-.98
/ 1.85 -.76
f other 13, 8.45, 16,17.61, 2,4.93,
/ 1.56 -.38 -1.32
not 15,16.91, 37,35.23, 10,9.86,
/ described| -.46 3 .04
X>=15.13, Fisher“s p=0.
Level of sustainability curricula implementation

Figure8. Linkage between involvement of external stakeholders and sustainability curricula implementation in
HEls

Note.N=132 case studies; calculations are baseBemrson's Ckéquared test witeimulated pvalue (based on
2000 replicates)the values in each cell depict the count, the expected values, and standardized residuals;
*significant at +/ 1.96

4. Discussion
4.1 Positioning the Findings in the Literature

The goal of this study was to derigeneralinsights on implementing sustainability curricula at HEIs through a
metastudy of 133 case studies from around the globe, and to-dnes& the findings against prominent
assumptions from previous research dtietical assumptions, smdll studies).

The findings confirm that the following factors (drivers) are linked to a high level of implementation (redesign):
offering support; integrate sustainability in research, outreach, and campus operations; a suppeetisity
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leadership; the formal (universitgd) involvement of faculty; the engagement of sustainability champions; and
the formal involvement of external stakeholders. Formal involvement of students got partially edmfirra
driver. These findinggo beyond previous research identifying drivers and barriers without linking them to
implementation levels.

Support as driver Our findings indicate that institutional support such as incentives and professional
development positively influence the level of implementation, which is in line with findings from previous
empirical studies. The relation between incentives and theellev o f i mpl ementation which
(2008) identified in a comparative study on seven cases can be confirmed for the broader sample here. Other
studies point to the lack of professional development support as main barrier (Radphb%, 2014Thomas &

Nicita, 2002). As our results showed, professional development opportunities are implemented in 90% of all
redesign cases, whereas only 3% of the-twltases described such support. It seems that offering professional
development opportunities akeyleverage point towards a redesign of curricula.

Sustainability integration as driveiVe found supportive evidence for the link between the broad integration of
sustainability in research, campus operations, outreach, plus synergies and a haftslestainability curricula
implementation. Similar findings stem from previous small N comparative studies, in which integration among
the former areas were found to be drivers (Purcell et al., 2019; Rafjibhb®s, 2014; Shawe, Horan, Moles, &

O" Re @®H9I Thomas &icita, 2002; Trencher et al., 2014). A majority of all redesign cases integrate campus
sustainability (50%) or sustainability research (40%) at the core, whereas few of toa loakes integrate
campus sustainability (8%) and no susthility research at the core. Outreach activities and synergies are not
often described, but ca. 20% of redesign cases and almost none-af bakes integrate these at the core. This
suggests that especially the integration in campus operations ancthesaa lead to a more comprehensive
implementation (redesign). Based on a survey of 80 HEIs, Velazquez et al. (2006) propose a strategy how to
achieve integration in all university areas.

Leadership as drivetWe found that leadership through strateganpl| a vision and support provision advances
sustainability curricula i mplementation, confirming
2008; Ralph &Stubbs, 2014). However, we acknowledge some interdependency in linking the redeslign le

with leadership support as we defined that redesign aqasgede leadership support. Nevertheless, we also
found significant | inloadges-i,nbru)ili e&ndtdherr igecwlupm e dodi
other variables such as thesiitutional level or integration approach. Our findings suggest that a redesign of
curricula is only possible if there is at least medium support of leadership. Ca. 57% of the redesign cases
describe strong leadership support and 43% medium or ambigalgodrt. On the other hand, strong leadership
support can, but does not have to lead to redesign. Ca 14% -@ihbodises, 37% of buiith cases, and 57%

redesign cases describe strong university leadership. De La Harpe and Thomas (2009) emphasigly that sol
mandating change from the top can turn into a barrier. We cannot confirm this assumption, but it seems that
leadership support is more often an enabling condition than an active driver.

Faculty and students as driver®ur study offers an empirical derpinning of the claim that involving faculty

and student in the process leads to higher levels of sustainability curricula implementation (Barth, 2013; Purcell
et al., 2019)Formal involvement of faculty and students is indeed linked with a high leiveustainability
curricula implementation. Reid and Petocz (2006) point out that formal faculty involvement can prevent
opposition which will be increasingly important when it comes to redesign. In such cases we see a significantly
higher formal involvemerof faculty (70%) and students (67%), whereas ca. 35% of-buidses, and ca. 20%

of the bolton cases formally involve these stakeholders. Apparently, a formal involvement like a univeatsity
visioning process is a driver for redesign. Howevetpiild be further investigated which specific involvement
methods work best as we included interviews, surveys, workshops, visioning process etc. as formal involvement.

Sustainability champions as driver®ur findings confirm the claims based on theorétmantributions and

small sample studies (De La HarpeT& o ma s , 2009; Ferrer-Bal as et al .,
recognized as drivers of sustainability curriculum change. In 67% of all redesign cases, 40%-iof ¢asksk,

and 20% of bolbn cags sustainability champions were a driver. These findings suggest that champions serve as
drivers and often start the i mpl emrem't aadn-tom; ppwuiokcdets sa lb:
persuading leadership and faculty to reach redesign.

External stakeholders as driveraVe focused on involvement through partnerships with companies,
municipalities, and NGOs, and did not account for the impact of laws, guidelines, or societal discourses, which
function as external constructs rather thanoimement. Only few previous empirical studies acknowledge
external stakehol der s as a -Nigrdetvat, 200¢).Fkeserstidies @tanldarot et al
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distinguish between formal and informal involvement. However, our data supgest distinction between a

formal and informal involvement can differentiate between bmilimplementation and redesign. Informal
engagement of external stakeholders mostly achievesobo{66%) or buildn (33%) implementation. A
coordinated universitled involvement mostly leads tp b wii d(60%) or redesign (27%). Involvement of
external stakeholders seems to be a driver in any of these cases. However, leadership support or a strategy for
formally involving external stakeholders is more condutiva more comprehensive implementation.

Other drivers and barriersCoordination, communication, strategic plan, and vision were frequently mentioned

internal drivers. This importance of a vision and a strategic plan is in line with previous findingsniiedhiN

case studies (De La HarpeT&h o ma s , 2009; Ferrer-Bal as et Stbbs,, 2008
2014). The role of communication and coordination has also been identified in previous comparisons of few
cases (De La Harpe &homas, 2009Fer r er - Bal as et al ., 2008; Trechsel
formal settings such as sustainability committees was found to be a barrier (Avila et al., 2017), while
interdisciplinary spaces foster sustainability curricula implementatione(ferr Bal as et al ., 2008
with our finding that a lack of interdisciplinary spaces is a barrier. Additional external drivers we identified,
namely, a window of opportunity and governmental influences have not been subjects of empirical studies, b

rather theoretical reviews. However, (Vargas et al., 2019) explore the role of policy integration frameworks on an
organizational, national, and international level. Common barriers are lack of interdisciplinary competence
(faculty), resources, curriauin flexibility, collaboration, and adequate organizational structure. Lack of
collaboration is acknowledged in previous work (Adomf&nt, Grahl, & Spira, 2019; Trechsel et al., 2018), as is

lack of adequate organizational structure, support from administistaff, and resources (Avila et al., 2017; De

La Harpe &Thomas, 2009), which is in line with our results.

Combination of drivers and barrier§he majority of case studies we analyzed singled out specific drivers or
barriers and very few case studiesyide a more complete picture by linking multiple influencing factors to
specific features of the implementation process. By testing the assumptions we see some nuances in
implementing specific variables. In general, a higher or stronger implementatomrofer is linked with a

higher level of sustainability curriculum implementation. However, full realization of one driver does not
automatically lead to a high level of implementation. This can have several reasons: (a) mostly we are looking at
snapsha of an implementation process and, for instance, it could be a starting point; (b) changing curricula is a
highly complex process with certain variables involved. This highlights that it takes several variables or drivers
working together to steer sustability curriculum change.

4.2 Limitations

Comparing secondary data poses various limitations as data vary in focus (different drivers and barriers),
perspective (leadership, lecturer, sustainability champions, rarely students, or external researghers), a
methodology, which make a comparison challenging. The analyzed case studies offered varying levels of details
ranging from very few (Tamura et al., 2017) to full accounts of the sustainability curricula implementation
(Holmberg, Lundqvist, Svanstram, &Arehag, 2012). To run statistical analyses, we considered missing
information as not relevant for the specific process. This is obviously not true, but comes with the limitation of
analyzing secondary data (vs. primary data). Additionally, much of thestadies are selfeported with the

bias leaning towards success storeshich distorts an accurate account of drivers and barriers. And third,
published case studies overwhelmingly stem from particular countries and world reigiphgng a blind side

towards other\{leiss & Barth 2019).

5. Conclusions

The findings suggest that implementing sustainability curricula in HEIs can benefit from a number of targeted
actions ranging from integrating sustainability throughout the HEIs to involvement ofeatiahtand external
stakeholders. For comprehensive implementation (redesign), strong university leadership with a vision, a
strategic plan, and broad coordination and communication are crucial. Limited resources can get offset through
collaboration: interally, faculty and students can-develop curricula; externally, networks with other HEIs,
NGOs or companies can share knowledge on their experiences implementing sustainability topics in their
teaching, but also on steering the implementation proceswiwhole HEI. The creation of interdisciplinary
spaces supports such collaboration. Sustainability champions and faculty should be provided with support (e.g.
professional development, time resources) to engage in implementing sustainability curricdewsVof
opportunity like a change in leadership, government changes, or societal challenges can be leveraged for starting
implementation processes.

A standardized protocol for case studies on implementation processes would facilitate capturing more
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compardle details on implementation processes, and yielding a more comprehensive understanding of drivers
and barriers. The analytical framework applied here offers a starting point for such a pieissl & Barth

2020c). Scholars suggest that organizaticadtainability reporting ought to focus more on education, and
should support planning for organizational change (Ceulemans, Lozano, & AMénsaa, 2015; Madeira,
Carravilla, Oliveira, & Costa, 2011). This could serve as a basis for quality assesdnidts and for
publishing complete case studies. In addition, intervention research could yield specifics about how drivers and
barriers influence particular features of the implementation. Finally, research is needeccomti@tionof

drivers and baters and their influence on the implementation.
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Appendix
Appendix A
Detailedstatisticsfor describingthe distributionof the key variablesusedfor the hypothesigesting
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FigureAl. Frequencyplotsof centralvariablesfor the sustainabilitycurriculaimplementatiorin higher
educationnstitutions.They-axis showscountin percent{N=132 casestudies)
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Appendix B

List of casestudiesthatwentinto theanalysigN = 133)

A full list with all publicationis openlyavailablehere:Weiss & Barth 2020b
TableBL1. List of casestudieghatwentinto theanalysis(N = 133)

Continent Country Name of the Higher Education Institution

Africa Botswana University of BotswangaUB)

Africa SouthAfrica RhodedJniversity

Africa Tanzania University of DaresSalaam

Asia China Beijing Normal University (BNU)

Asia China TsinghuaUniversity

Asia India AnnaUniversity

Asia India Indira GandhiOpenNationalUniversity (IGOU)

Asia India JadavputJniversity

Asia India JammuUniversity

Asia India SymbiosisinternationalUniversity

Asia India TERI University

Asia India University of Hyderabad

Asia India University of Madras

Asia India University of Pune

Asia Indonesia UniversitasGadjahMada(UGM)

Asia Iran Amirkabir University of Technology(AUT)

Asia Japan HokkaidoUniversity

Asia Japan IbarakiUniversity

Asia Japan Kobe University

Asia Japan Kyoto University

Asia Japan Osakalniversity

Asia Japan ShinshuUniversity (SU)

Asia Japan University of Tokyo

Asia Malaysia NationalUniversity of Malaysia

Asia Malaysia University SainsMalaysia(USM)

Asia Oman SultanQaboodUniversity

Asia Philippines Miriam College

Asia SouthKorea YonseiUniversity (YU)

Asia Thailand AsianInstituteof Technology(AIT)

Asia Vietham HanoiNationalUniversity of Education(HNUE)

Asia Vietham Ho Chi Minh University of PedagogfHCMUP)

Asia Vietham Hue University of Education(HUEd)

Asia Vietham QuangNamUniversity (QNU)

Asia Vietham University of DaNang,Danang
University of Education(DUEd)

Europe Bulgaria University of Architecture Civil
EngineeringandGeodesyUACEG)

Europe Denmark AalborgUniversity

Europe Germany LeuphanaJniversity

Europe Germany University of Tibingen

Europe Greece University of Aegean

Europe Greece University of Thessaloniki

Europe Latvia DaugavpilsUniversity

Europe Latvia LiepajaUniversity (LiepU)

Europe Latvia RezekneHigher EducationEstablishmenRHEE)

Europe Latvia University of Latvia

Europe Netherlands Delft University of Technology(DUT)

Europe Netherlands EindhovenUniversity

Europe Netherlands ErasmudJniversity of Rotterdam

Europe Netherlands Van Hall LarensteirlJniversity of Applied Science

62



http://hesccsenet.org

Higher Education Studies

Continent Country Nameof the Higher Education Institution
Europe Spain TechnicalUniversity of CatalonialUPC)
Europe Spain TechnicalUniversity of Valencia(TUV)
Europe Spain University of Zaragoza

Europe Sweden ChalmerdJniversity of Technology
Europe Sweden KTH RoyalInstituteof Technology
Europe Sweden Linkdping University

Europe Sweden Lund University

Europe Switzerland ETH Zurich

Europe Switzerland Zurich University of Applied Sciences
Europe UK Anglia RuskinUniversity

Europe UK BournemouthJniversity

Europe UK CambridgeUniversity

Europe UK De Montfort University

Europe UK NewcastleUniversity

Europe UK University of Bristol

Europe UK University of Gloucestershire

Europe UK University of Huddersfield

Europe UK University of Leeds

Europe UK University of Plymouth

Europe UK University of Southampton

Europe UK University of Strathclyde

Europe UK University of the Westof England
Europe UK University of WalesTrinity SaintDavid
Latin America Brazil MethodistUniversity of S& Paulo(Universidade
and the Caribbean Metodistade S& Paulo(UMESP))
Latin America Ecuador UniversidadT&nica del Norte

and the Caribbean

Latin America Jamaica University of the WestIndies

and the Caribbean

Latin America Mexico MetropolitanAutonomoudJniversity
and the Caribbean

Latin America Mexico Monterreylnstituteof Technology

and the Caribbean andHigherEducation

Latin America Mexico NationalAutonomoudJniversity of Mexico
and the Caribbean

Latin America Mexico Universidadveracruzana

and the Caribbean

Latin America Mexico University of Sonora

and the Caribbean

North America Canada Bi s hUOnpérsity

North America Canada British Columbialnstituteof Technology
North America Canada DalhousieUniversity

North America Canada Universitéde Sherbrooke

North America Canada University of Alberta

North America Canada University of British Columbia(UBC)
North America Canada University of Guelph

North America Canada York University

North America USA ArizonaStateUniversity (ASU)

North America USA BereaCollege

North America USA California StateUniversity, Northridge(CSUN)
North America USA CarnegieMellon University

North America USA EmoryUniversity

North America USA FerrumCollege

North America USA Florida Gulf CoastUniversity

North America USA GeorgeWashingtornUniversity
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Continent Country Nameof the Higher Education Institution

North America USA IndianaUniversity Bloomington

North America USA IthacaCollege

North America USA JamedMadisonUniversity (JMU)

North America USA JohnsHopkins

North America USA MiddleburyCollege

North America USA NorthernArizonaUniversity

North America USA Ohio StateUniversity (OSU)

North America USA PhiladelphidJniversity

North America USA Princeton

North America USA SanJoséStateUniversity

North America USA TulaneUniversity

North America USA Unity College

North America USA University of California, SantaCruz (UCSC)

North America USA University of ColoradoBoulder

North America USA University of Hawaii

North America USA University of Minnesota

North America USA University of New Hampshire

North America USA University of New Haven

North America USA University of Northernlowa

North America USA University of PennsylvanigPenn)

North America USA University of SouthCarolina

North America USA University of Utah

North America USA University of Vermont(UVM)

North America USA Yale

Oceaniaand Australia 12 PacificlslandsNation University of the SouthPacific

Oceaniaand Australia  Australia DeakinUniversity

Oceaniaand Australia  Australia Edith CowanUniversity

Oceaniaand Australia  Australia JamegCookUniversity (JCU)

Oceaniaand Australia  Australia La TrobeUniversity

Oceaniaand Australia  Australia MonashUniversity

Oceaniaand Australia  Australia MurdochUniversity

Oceaniaand Australia  Australia OceaniaandAustralianCatholicUniversity

Oceaniaand Australia  Australia OceaniaandAustralianNationalUniversity (ANU)

Oceaniaand Australia  Australia RoyalMelbournelnstituteof
Technology(RMIT) University

Oceaniaand Australia  Australia University of New SouthWales

Oceaniaand Australia  Australia University of SouthOceaniaandAustralia

Oceaniaand Australia  Australia University of Tasmania

Oceaniaand Australia  Australia University of Technology(UTS)

Oceaniaand Australia  Australia University of Wollongong
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