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ABSTRACT: In response to increasing concerns of society talovironmental degradation and increasing demdods
transition to a more sustainable society, highemcation institutions worldwide have begun to charbeir missions and
educational practices and approaches to includmisability. The role of higher education in thecisd context of an ongoing
transition to greater sustainability has becomepéictof significant scientific importance. Thus,ivarsities worldwide are engaged
into a process of transition to become sustainabieersities. This paper proposes an algorithmafdecision support system which
aims to help decision makers to fundament theire@ggh to transforming the university into a susthie one. Universities have
different organizational cultures, values and reses, and the proposed algorithm helps to iderltiéy most suitable solution for

each university.
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1. INTRODUCTION

Planet Earth has a limited capacity to meet thewingp
demand for natural resources made by socio-econgysiems
and to absorb the destructive effects of their [&H. The
impacts of overconsumption of resources have begumve
measurable negative effects both on
development and people’s quality of life in vastas of the
planet [10].

Education is one of the most effective means abigilado
society to shape the future [30]. However, accardinSterling
[26:12] “it is the change of mind on which changavards
sustainability depends; the difference of thinkiigt stands
between a sustainable or a chaotic future.” OtreFmas David
Orr [20:5] pointed out, “without significant predans,
[education] can equip people merely to be more ctffe
vandals of the Earth.”

Sustainability should not be just another issube@dded to a
curriculum that is already overcrowded, but a “gate to a
different view of the curriculum, of pedagogy, of
organizational change, of policy and particularliy eithos”
[27:50]. The role of education in shaping the fatis widely
recognized. In a world that is becoming more comple
interdependent and unsustainable, education foraisable
development is given increased attention in unitiess
worldwide. Transformation of education into sustditity
education implies systemic thinking and interdiogry
approaches to promote change of attitudes to legraind
lifestyles.

2. WHAT KNOWLEDGE FOR
SUSTAINABILITY?

One can generally say that in order to learn akastainable
development, one must be acquainted with sevef&dreint
branches of science. Paula Lindroos [17:93] obserteat
“learning about sustainable development is guided &
principle of organizing science and at the same tfiatusing
on the problem solving capabilities of the studemtis means
that both content and learning methods become itapbfor
the courses.”

Most notably however, issues of sustainability teltside the
realm of any specific discipline and even outside tealm of
science. Hence teaching and learning on issuesstdigability
requires the ability to bring together differentalras of
knowledge.

The role and importance of universities in transfimg our

socio-economicggciety into a sustainable one has been highligbjeanany

scholars and institutions. In a position paper dobal
sustainability UNESCO [31:4] states: “With respézthigher
education, there will be emphasis on the role dversities in
refining the concept and messages of educatiosustainable
development, integrating environmental, demographic
economic, social and a range of other concerngémén the
notion of sustainability. In re-orienting their essch
programmes and curricula, key will be the univégsit
capacity for flexible interdisciplinary cooperatioand for
collaboration with outside institutions... Universtiwill have
to experiment by exercising more initiative andrtsking new
approaches.”

Tilbury [29:98] argues that “Environmental Educatidor
sustainability is an innovative and interdisciplynaprocess
requiring participative and holistic approaches the
curriculum” and considers that there is a needirfapvation,
rather than integration of education-for-sustailigbi Hart,
Jickling and Kool [15:109] also imply that enviroental
education should be “interdisciplinary, participgtocritical,
community-based, values-based and inquiry-based.”

The Thilisi report of 1977 states, among its many
recommendations that “by adopting a holistic apphoaooted
in a broad interdisciplinary base, [education fastainability]
recreates an overall perspective which acknowledlgat the
natural environment and man-made environment
profoundly interdependent...” [32:2].

are

According to Tilbury [28:196] the developing, mohelistic
notion of education-for-sustainability is “refledtein the
broadening nature and scope of environmental edugat
marked by moves towards an inter-disciplinary disiem and
from a more local to global approach.”

When promoting sustainable development, we shaegdarch
and develop our work so that we become a part ef th
knowledge building community for sustainable depetent.



In recent years, an increasing amount of univessithave
started organizing pedagogy courses forrtteachers so as
specifically change the nature of teaching andhiegr[16]

3. SUSTAINABLE UNIVERSITY

An important attempt to define what "sustainabléversity"
means was made in 1990, through the Talloires [Degda
[22]. Jean Mayer, president ofuffs University in the U.S
convened 22 leading universities in Talloires, Emrso tha
they can express their concerns about the stateafiorld anc
develop a document to identify the key actions thaversities
need to do in order to create astinable future. ldentifyin
the scarcity of specialists in environmental manage and it:
related fields, and lack of understanding of preif@sals in al
areas of the consequences of their actions onrbieoament
and public health, the meeting piefined the role of th
university as synthesized in figure 1.

Educate, research,
farmulate policies and
exchange information
nn issues of population,

environment and
development, to create

a sustainable future

Illustrate environmental
responsibility by
launching conservation
programs, recycling and
wastc reduction in the
universities

Programs to produce
expertise so thatall
university graduates are
aware of environmental
issucs and thus
responsible citizens

Sustainable
University

Figure 1. Sustainable University

The Talloires Declaration (1990) was signed by o266
rectors and vice rectors of the universities inrci@ countries
on five continents. This suggests a growiecognition that
more academic research, education and universitgrams
must lean on the challenge of sustainability. Naldothat
signing the Talloires Declaration was, at that timesymbolic
act for some institutions. For others however,dbeumet is
still an incentive and a framework for sustainedgpess tc
achieve sustainability.

Promoting sustainability in higher education depetatgely
on the active engagement of those responsible obus
disciplines with promoting attention environmal issues and
sustainability as central objectives of practiced as a mail
mission in their areas of activity [11].

Fortunately, many of them have committed to revithe
subjects they teach, both nationally and locallyenbers o
various professionalassociations have established spe
interest groups, divisions or sectors focused anrenmental
issues and sustainability. There are emerging alzed
journals such as Journal of Interdisciplinary Sesdiin
Literature and Environment. Anteentiored publication
provides a forum for debate and literary criticabesure stag
built around environmental issues, including ecaltheory,
concepts about nature and capturing them in pistutiee
dichotomy man nature, and other such concerns

3.1. The Transition to a Sustainable Univer

In response to increasing concerns about envirotah
degradation and the increasing demands for a timmsio a

more sustainable society, higher education ingtitist arounc
the world have begun to change r educational missions and
practices and include approaches to sustainalggause thi
happened in the past decade, the role of higheratidn in the
social context of a continuous transition to a meuetainable
society became a subject of sigcant scientific importance
[12, 21, 8].

Although this emerging literature on sustainability higher
education is diverse, is dominated by empirical deskcriptive
studies, specific approaches, strategies and timém to
specific institutions, [18,1]but also includes prescriptive
studies that often call to universities to play arenprominen
role in education for sustainability [19, 7, 13, Much of the
descriptive literature, so far, is focused on sfiestrategies o
actions taken at specifiastitutions [2, 9]

The largely empirical focus of this emerging litera can be
understood by taking into account the needs oft-term
exchange of information in a fast changing envirentnanc
hybrid scientisipractitioner perspective of many pee
involved in, and evaluating sustainability initisgs in highe!
education. Given the early stage of this area séaech, th
emerging body of research seems to have a minimé
cohesion and a degree of repetition and redundaht
addition, a strondpase of theoretical research agenda ha:
been established.

4. A DECISION SUPPORT SYSTEM FOR
THE TRANSITION TOWAR DS THE
SUSTAINABLE UNIVERSI TY

Universities have different organizational cultutbst value
and promote learning and thus can play a viole in the
transformation of society that is based on edugatiew
generations of citizens and leaders [25]. Higharcation has
always been responsive to social needs, and higghgcatior
history shows an evolution of the structure and Igjoaf
univergties that directly reflect the dynamics of sc-technical
systems of society [5].

Some of the literature on education for sustain
development seeks to identify best practices inioggtution
or set of institutions [33]. This approach can depeéen
ambitious vision of how an ideal sustainable ursitgrwould
look once it reaches the stage of "stabilizatidmit, there is th
risk of minimizing significant dynamics in the reabrld. For
example, assuming that an ideal, stabilized steactuay be
achieved, can be quite daunting for potential chaagents
whose universities are far from the ‘ideal’ in anher of areas
What best practices analysis omits is precisely hHbese
practices have been develog- and how these practices can
have & impact in different contexts and cultures and
actually be considered "best" practi

Thus, we propose a Decision Support System for eusity
managers who seek to embark in this challengingsitian
towards the Sustainable University. Some remendations
might be efficient in certain cases, but we arerawhat it is
impossible to find a recipe for success that wadrksvery
situation. The Sustainability Decision Support 8yst(SDSS
is a tool that helps decision makers choose fromerpossble
decision alternatives which suits best the Univgriat they
manage, based on a set of decision crii

The algorithm that underlies the SDSS is an inrio&:

approach that combines two v-known algorithms: the
hierarchicanalytic process, usedmainly in operations
management and the advanced r-criteria analysis based on



FRISCO formula. The SDSS is applicable for an uitéth
number of decision alternatives and selection rmaiteFor
exemplification, we have chosen to present thesdn with 5
selection criteria and 5 decision alternatives.

The system allows the decision maker to definehbisbwn
selection criteria and decision alternatives. bldal there are

presented the ones used for exemplification.
Table 1.Selection criteria and decision alternatives

Selection

Selection Criteria Code | Alternatives Code

Costs Cl New degree program Al

Number of Lecturers

Involved Cc2 Mandatory Course | A2

Number of Students

Involved C3 Optional Course A3
Change existing

Student implication | C4 courses A4

Attractiveness to Extracurricular

students C5 activities A5

After naming the criteria, the decider has to defithe
relationships between every pair of two criterfaother words,
every criterion is compared against the others angladratic
matrix that presents how these criteria relateacheother is
filled in by the decider. When comparing two cridertthe
decision maker faces three possible situations:

e Criterion 1 is more important than criterion 2 — this
situation the score for criterion 1 is “1” and theore for
criterion 2 is “0”

e Criterion 1 is equally important as criterion 2 r- this
situation the score for both criteria is “0.5”

e Criterion 1 is less important than criterion 2 — this
situation the score for criterion 1 is “0” and theore for
criterion 2 is “1”

In order to simplify the completion of the relatsdip matrix, a
formula has been added to the cells below the whiaigonal of
the matrix, so if the decider believes that crieril is more
important than criterion 2, the formula automaticahows
that criterion 2 is less important than criterianAlso the main
diagonal has been automatically filled in with “Q.Showing
that each criterion is equally important with ifselThis
eliminates the risk of inconsistency of the relasibip matrix.
Table 2 shows how the matrix is filled in, highligtg with
different colours the fields that can be filledhin the user and
the ones that will be automatically filled in.

Table 2. Relationship matrix

Selection Criteria Cil| C2| C3| C4| C5
Costs Cl1/ 05| 05| 0.0 1.0 1.0
Number of Lecturers

Involved C2|05|05| 00| 00| 0.0
Number of Students

Involved C3/10|10(05| 10| 1.0
Student implication C4 00| 10]00]05] 1.0
Attractiveness to

students C5/ 00| 10| 00| 00| 0.5

It is important to remember that the scores preskabove are
the choice of the decision maker. This choice cam#ésed on
recommendations from the literature, vision, missiand
strategy of the university, market research, specif
particularities of the university etc.

After the relationship matrix is complete, the SD8i#$ apply

FRISCO formula (1) to rank the criteria and all@can
importance coefficient or weight factoyi) for each of them.
The FRISCO formula (an empiric formula given by allw
known creation group in San Francisco - USA) wasseh as
it is recognized worldwide as being the best andgstmsed
formula for this type of analysis [3:1933].

y = p+A,+m+05
I NCI’I
_Ap‘ 4ot
2

(1)
where:

e p is the sum of the points (on a row) scored by the
analysed element;

« Ap - the difference between the score of the analysed
element and the score of the element on the last; &
the regarded element is the element on the last,lap
will have the value®;

« m - number of criteria outranked (standpoint of skere)
by the regarded criterion;

e Ncrt — number of regarded criteria;

e Ap' - difference between the score of the regardddrii
and the score of the first criteria (resulting imegative
value); if the regarded criteria is the one planettee first
level, the result will b@.

For the example given above, the weights for eatbrion,
calculated using the FRISCO formula are given iblea3:

Table 3. The weights for each criterion, calculated with 5RD formula

Cl Cc2 C3 C4 C5 SCORE RANK Dp Dp' m FRISCO
C1 0.50 0.50 0.00 1.00 1.00 3.00 2 2.00 -1.5( K 2.125
c2 0.50 0.50 0.00 0.00 0.00 1.00 5 0.00 -3.5( ( 0.250
C3 1.00 1.00 0.50 1.00 1.00 4.50 1 3.50 0.0( 4 5.000
C4 0.00 1.00 0.00 0.50 1.00 2.50 3 1.50 -2.0( Y 1.444
C5 0.00 1.00 0.00 0.00 0.50 1.50 4 0.50 -3.0( 0.636

Then, the decision alternatives are compared dagaash
other, based on the extent to which they satiséh eaiterion.
Thus, in the example given, the alternatives haeenb
compared to each other five times — once for eaithrion.
The same algorithm was applied when the quadratitrixm

was generated and the scores 0, 0.5 and 1 wereatath as
shown above.

In addition to the calculation of the weights basadFRISCO
formula, which show how each alternative satisfig®
criterion, there has been calculated the “arrajngfortance”.



The array of importance is calculated with the dthm
specific for the hierarchianalytic process [2:

e After the quadratic matrix has been generated,s
“normalized”, generating a new matrix, noted with
Each véue of each column is divided to the sum of
values of that column, using the formula {

8
D8
k=1 (2)

» The array of importance, w, is calculated as
average of each line from the normalized matrixpa
formula (3):

> by
- k=1
T n 3)

Given the fact that the quadratic matrix is filiadbased on th
algorithm presented above, it is consistent ands tthe
calculation of consistency is no longer requit

The final score for each decision alternative ikwWated by
adding he products generated by multiplying its scorehaf
alternative for each criterion with the weight betrespectivi
criterion. This is done both for the weights getedtawith
FRISCO and the array of importance. Then the aetiv
average is calculatauetween these values, for each alternz
and the one with the highest score is the optirohltion (see
table 4).

Table 4. The final decision

guadratic matrix is generated and the user haertgpare eac
criterion against the others, having the of to choose
whether it is more important, equally important twss
important than other criteria (see figure

SuSTAINABILITY PORTAL

A PLACE FOR INFORMATION AND COLLABOR

NABILITY SUSTAINABLE UNIVERSITY MODEL SUSTAINABILITY EDUCATION m CONTACTUS
Video Resources
Decision Support System
Please enter the number of criteria: |5 wi
mi
s
MHext | av

Figure 2. The SDSS integrated in a web

Name: Costs

Name: Number of Lecturers Inv

Name: Number of Students Inw
Name: Student implication

Name: Attractiveness to studer

Figure 3. Entering the criteri

Number of Lecturers  Number of Students
Involved Involved

Attractiveness
to students
More
important

Costs Student implication

Costs Equally important Equally important Less important More important

Equally important 3 Equally important Less important Less important Less important

More

Students More important |v| |More important [«| Equally important e

More important

Mara

Less important | »] |More important |v] |Less important || Equally important important

Equally

Less important  [v] | More inportant =] | Less important  [+] [Less important  [+] i

Equally iimporLant

Next More important

Score| Score Aver

Decision Alternatives | W FRS age Rank
New degree .
program Al 0.59 1122 5.91 5 i
Mandatory Course | A2 1.43 16.4¢| 8.96 4 it
Optional Course | A3 | 1.17| 18.1¢| 9.68| 2 St
Change existing Attactveness
courses A4 3.64 36.6:| 201 1
Extracurricular
activities A5 1.14 17.6¢| 9.39 3

5. THE SUSTAINABILITY D ECISION
SUPPORT SYSTEM —-ONLINE

The usefulness of the Sustainability Decision SupSystem
for the transition towards a sustainable univerisitigighlightec
by the need to make decisions based on real factsheed:
specific to each university. However, the algorithrasented i
complicated and it requires good mathematic additio the
decision maker, and this can therefore limit thagesof the
proposed decision support system.

In order to ease the use of the SDSS and incréasaumbe
of potential users, the Sustainability Decision Bup Systen
was put online. The SDSS allova indefinite number ¢
criteria and decision alternatives in a user frigndterface.
For this purpose an extension for the Content Mamsmt
System Joomla! 1.5 has been developed. It can bdy
integrated into any website created with Jooml&/(see figure
2) [14].

First, the user is requested to enter the numberitefria anc
the name (or label) for each criterion (figure Jhen the

Figure 4. Generating the quadratic ma

Then, the user is asked to enter the alternafand then to
compare each alternative based on each criterganfigure 5

New dagree
program
Mandatory
Course
optivnal
Course
Change
existing More important [+ |More important [x] |More important [+] Equally important
courses
ExUacurricular
activities

Change existing Extracurricular
courses activities

Less

important

Less

important

Less

important

New degree program  Mandatory Course Optional Course

Equally important Less important Less important Less important

Mora important [=] Equally important Lass important Lass important

More important [+ |More important [x] Equally important Less important

More
important

Equally

Morc important [+] | Morc important [«] |More important [=] | Less important [«] rartant

Less important

EguaHE \mEmam
Next | -

Figure 5. Comparing each alternative from the point of viev
criterion “Costs

The software then uses the algorithm describecaragraph ¢
and returns the optimal solution, as shdn figure 6.



Home

Congratulations for completing all steps!
Press the button below to view the results.

Next

Results:

Alternative; Rank
New degree program 5
Mandatory Course 4
Optional Course 2.5

Change existing courses 1
Extracurricular activities 2.5

Figure 6. The optimal solutio

6. USING WEB 2.0 TECHNOLOGIES TO
FOSTER SUSTAINABILIT Y EDUCATION

As we have argued somewhere else [14], some aftligple
barriers that are encountered in the process néfivaming the
university into a sustainable encan be overcome by .
instrument based on Web 2.0 technologies. Explficit
website for disseminating information and best ficecand
problems sharing, addressed mainly to the teacddngmunity
of the universities, but also to the students coedce the
transition towards sustainability education.

Some of the advantages of choosing this Web 2.0 ftoc
overcoming the barriers to implementing sustairitgt
teaching can be:

» teachers can access the website according to
timetable;

* reduces travatost and time to and from sch

» teachers (who in this case will be learners) mayelthe
option to select learning materials that meets tlesiel of
knowledge and interest;

e teachers can study wherever they have access
computer and Internet;

» selfpaced learning modules allow teachers to workeit
own pace;

» flexibility to join discussions in the bulletin bwhthreadec
discussion areas at any hour, or visit with clagsmanc
instructors remotely in chat rooms;

» different learning styles are addsed and facilitation «
learning occurs through varied activities;

e development of computer and Internet skills tha¢
transferable to other facets of teacher’s li

e teachers don't have the feeling that something emd
imposed to them - they carcaess the website on
voluntary basis;

e partnerships and collaboration between lecturers lue
facilitated by this online tool.

By sharing ideas, concepts, tools, experiencesndearin
different contexts, it is anticipated that we vall learn many
things that will help us to help our academic comniesiainc
companies to develop the skills to make progressatds
sustainable development.

7. ATTITUDES OF THE ACA DEMIC
COMMUNITY TOWARDS TH E E-TOOLS
FOR THE TRANSITION T OWARDS THE
SUSTAINABLE UNIVERSI TY

A research has been carried out in order to identifyribed of
such an onine platform in Romanian Higher Education [1
This research was intended to be a pilot study, iandas
carried out at “Lucian Blaga” University of SibiThe pilot
university was hosen based on convenience grounds.
research aims also to find out if Romanian teachezsawart
of the issues of sustainability and the need ofnghay
education towards sustainability education. Theafdaternet,
the efforts to integrate sustability related issues into the
curriculum and their opinions regarding interdi$icigrity have
been also analyzed.

The research confirmed that most of the didacttf &t higher
education institutions are aware of the importanck
sustainability andare preoccupied by it and agree t
traditional education should switch towards susthility
learning (collaborative learning, stud-centered approach,
interdiscipinarity, etc.). The study also highligtitthe need ¢
the proposed instrument, as mof the lecturers appreciate the
usefulness of an online ir-platform for easy access to
relevant information, examples and suggestiondalgotation
and discussion with other learners or students. fElaéures
available in the developed platform fostollaboration and an
easier integration of sustainability into teachigd learning
practices.

The excellent attitudes of the lecturers regardimgissues ¢
sustainable development and their awareness thegraities
have an important role in shap the society encourage the
implementation of the proposed online i-platform. The web
literacy of the lecturers ensures a good usagéefptatform
and good premises for a successful implemente

It is encouraging that 86% of the respondents atling to
change their courses and teaching methods in dodswitch
from traditional education towards sustainable etioa, but
70% don’t want to be told by their superiors whatdb. The
research confirmed the theory that academic sta&fés
educatiorfor sustainable development as an imposition, e
research results infirmed the ideas that sustdihabis
considered by lecturers as something that is nomneensurat:
with their discipline or that they lack the knowtgd skills anc
expertise to mplement sustainability related teaching .
learning.

Thus, a legal framework to regulate sustainablecaiion in
Romania is demanded, both by the concerns of
international community, by companies that operaite
Romania, by students and by lectu, who are preoccupied by
the future of our Planet.

8. CONCLUSIONS

Sustainable development is the biggest challenge
universities in the twentfirst century [34]. Since there a
many different definitions and interpretations bé tconcept
the strategiesf the universities that are beginning to strive
sustainability show some differences. Various ursifies have



already become engaged in the process of integratin
sustainable development in their activities [34].

The sustainable university is not easy to be aehiglut all the
efforts, energy, resources and time invested in yman
universities around the world show progress [35heT
Sustainability Decision Support System, presentadthis
paper, is intended to help decision makers in tlmirney
towards the sustainable university.

Universities have different approaches of the fiamsation
process towards a sustainable university. Somerpicated
sustainability in their visions and missions; othéocus on
sustainability education or research integratiohjlevothers
have created environmental policies or campusegfies, but
what is desirable is an approach that incorporatésthe
components of the model. A holistic approach camsform
the university into a sustainable one, encouragihglents,
professors and other members of the academic coityrtion
commit themselves to help society make the tramsibwards
sustainable life styles.
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