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ABSTRACT

The main objective of this research is to identify environmental sustainability indicators
and then provide a model of the relationships between these indicators in academic
environments. Initially, a comprehensive review of the scientific literature related to
environmental sustainability in universities was conducted. Then, using the fuzzy Delphi
method, the opinions of experts in the fields of natural resources and the environment
were gathered to identify the criteria effective for establishing sustainability. A
questionnaire was designed in which experts evaluated the impact of each indicator on
environmental sustainability. After data analysis, Interpretive—Structural Modeling
(ISM) was employed to determine the relationships between the indicators. The results
indicated that a total of 13 indicators serve as a basis for creating environmental
sustainability within the study area. The indicators of student and staff participation,
support for research projects, and environmental policy-making are positioned at the first
level of the ISM. The second level of the model includes the indicators of using native
plants, utilizing sustainable materials, reducing building energy consumption, and
decreasing waste production. Based on the findings of this research, the third and fourth
levels relate to addressing potential risks regarding both energy issues and natural
disasters. At these levels, components for water conservation and preparedness for
natural disasters are introduced, while energy conservation is presented at the third level.
At the fifth level, the components of waste reuse and renewable energy sources are
included, and the final level of the model consists of control and monitoring
mechanisms.
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Introduction

Universities play a crucial role in advancing
sustainability by integrating environmental
awareness, policy development, and research into
their operations (Gholami et al., 2020). As centers
of learning and innovation, they foster essential
knowledge and practices that shape sustainable
communities and influence global environmental
strategies (Johnson & Castleden, 2011). The
concept of a “green university” has gained
momentum, emphasizing the adoption of resource-
efficient strategies, ecological campus designs, and
policies that promote long-term sustainability
(Sugiarto et al., 2022). Sustainable university
campuses function as living laboratories,
demonstrating  best  practices in  energy
conservation, waste management, and biodiversity
enhancement, thereby inspiring students and
faculty to actively engage in environmental
stewardship (Lau et al., 2014).

Academic  institutions are  increasingly
recognized as key contributors to sustainability
through interdisciplinary research and stakeholder
engagement (Saecedi &  Goodarzi, 2020).
Universities, by  embedding  sustainability
principles within curricula, infrastructure, and
governance, empower future decision-makers to
address environmental challenges effectively (Fissi
et al, 2021). Several studies highlight the
importance of policy-driven initiatives, including
campus-wide waste reduction programs and
energy-efficient  architectural  designs, as
fundamental strategies for advancing sustainability
(Glines et al., 2014; Peters & D’Penna, 2020).
While international models for sustainable
campuses vary, common themes include holistic
resource management, educational campaigns, and
the integration of sustainability within institutional
culture (Ribeiro et al., 2021).

Environmental sustainability in university
campuses is a multifaceted issue that requires
attention to ecological, social, and economic
factors (Leal Filho et al., 2021). Previous research
underscores  the necessity of  balancing
infrastructure development with environmental
considerations, particularly through the use of
renewable energy, sustainable materials, and
native vegetation in campus planning (Darabi &
Saeedi, 2019). Moreover, fostering active
participation among students and faculty is critical
to institutionalizing sustainability practices and
ensuring their long-term success (Disterheft et al.,
2012). Strategies such as structured sustainability
frameworks, stakeholder involvement, and
technological innovations contribute significantly
to achieving sustainable academic environments

(Finlay & Massey, 2012).

The present study aims to develop a structured
model that identifies and connects key
sustainability indicators within university settings
using interpretive structural modeling (ISM). By
incorporating expert opinions through the fuzzy
Delphi method, this research evaluates the
interdependencies among sustainability criteria and
prioritizes actionable strategies for ecological
resilience. Through systematic analysis, the study
offers insights into optimizing sustainability
initiatives and provides practical recommendations
for universities striving to become environmentally
responsible institutions. The primary objectives of
this study are:

1. To identify and wvalidate essential
environmental sustainability indicators within
university settings.

2. To establish interrelations between
indicators using ISM to inform structured
policymaking.

3. To provide a scalable framework for
enhancing sustainability efforts in academic
institutions.

Methodology

This study employed a systematic multi-stage
methodology to identify and model environmental
sustainability  indicators ~ within  university
campuses. Initially, an extensive literature review
was conducted to extract relevant sustainability
criteria, ensuring alignment with both global
academic  perspectives and the  specific
environmental conditions of Malayer University.
The research then proceeded with expert
consultations, utilizing the fuzzy Delphi method to
refine the selected indicators. Through structured
questionnaires, seven experts specializing in
environmental sciences, urban planning, and
resource management evaluated the significance of
each criterion using a Likert scale ratings,
providing a quantitative basis for screening
influential variables.

Following indicator selection, interpretive
structural modeling (ISM) was applied to analyze
the interdependencies between sustainability
criteria. A structured self-interaction matrix
(SSIM) was developed, wherein experts assigned
relational values to each indicator pair based on
predefined logical connections. The SSIM was
then transformed into a binary matrix, and
contradictions within the relational data were
systematically  resolved. = This  hierarchical
modeling approach allowed the research to
categorize sustainability indicators into multiple
structured levels, prioritizing key environmental
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strategies for academic institutions. By evaluating
reachability and antecedent sets, critical factors
influencing  environmental  stability = were
identified.

To ensure validity and consistency in
qualitative research, the study adopted rigorous
evaluation techniques, including continuous expert
engagement and comparative cross-validation of
responses (Whittemore et al., 2001). The iterative
refinement process enabled the researchers to
minimize biases and enhance methodological
robustness. The final interpretive structural model
provided a clear visualization of hierarchical
relationships among sustainability indicators,
offering actionable insights for universities seeking
to implement environmental resilience strategies.
Through this structured approach, the study
effectively  bridges theoretical sustainability
frameworks with practical applications for green
campus development.

Results

The study identified and structured key
environmental sustainability indicators within the
studied university campus using a multi-method
approach. Through expert analysis and the fuzzy
Delphi method, thirtee significant criteria were
selected, encompassing themes such as energy
conservation, waste management, and
environmental policymaking. Findings indicated
that student and staff participation, support for
research projects, and institutional environmental
policies form the foundational level of
sustainability strategies, underscoring their critical
role in fostering an eco-conscious academic
culture. These primary indicators create an
enabling framework for subsequent sustainability
efforts, ensuring long-term ecological resilience in
university settings.

The second hierarchical level in the
interpretive—structural model (ISM) consists of
operational strategies, including the use of native
plants, sustainable building materials, reduction of
campus energy consumption, and minimization of
waste production. Previous research has indicated
that these elements directly support practical
sustainability applications, promoting resource
efficiency and reducing environmental footprints
(Lau et al.,, 2014). This level demonstrates the
importance of integrating nature-based solutions
and eco-friendly infrastructure into campus
development plans to reinforce sustainable
resource use and ecological awareness among
university stakeholders.

At the third and fourth hierarchical levels, the
study identified critical risk management strategies

related to water conservation and disaster
preparedness.  Efficient water management
emerged as a core component of long-term
sustainability, supported by previous research on
the role of native vegetation in reducing water
consumption (Saeedi & Goodarzi, 2020).
Additionally, institutional readiness for natural
disasters was highlighted as an essential factor,
reinforcing the need for adaptive planning in
university settings. These findings emphasize the
necessity of establishing resilience measures that
can  mitigate environmental risks  while
maintaining sustainable campus operations.

The fifth level of the ISM model addressed
advanced sustainability measures, including waste
reuse and the adoption of renewable energy
sources. These strategies were found to be
contingent on achieving stability in lower-tier
indicators, indicating the progressive nature of
sustainability initiatives. The transition from basic
environmental management to advanced renewable
energy integration reflects the systematic approach
required to achieve comprehensive campus
sustainability (Goodarzi et al., 2019). The results
suggest that universities should prioritize
foundational sustainability elements before
advancing toward large-scale environmental
innovations.

Finally, the highest level of the ISM framework
encompasses monitoring and control mechanisms,
ensuring the effective implementation and
continuous refinement of sustainability efforts.
The study underscores the importance of consistent
oversight and policy evaluation in maintaining
long-term  environmental  resilience  within
academic institutions (Whittemore et al., 2001). By
establishing structured monitoring frameworks,
universities can optimize sustainability strategies,
refine their implementation over time, and ensure
alignment with evolving environmental priorities.
These findings provide actionable insights for
academic institutions seeking to institutionalize
sustainability and reduce their ecological
footprints.

Integrating sustainability principles within
university campuses requires a multi-dimensional
approach that balances environmental
conservation, stakeholder participation, and
institutional policies. The study confirms that
environmental policymaking, student engagement,
and research support form the foundation for
sustainability, reinforcing previous findings on the
crucial role of community involvement (Too &
Bajracharya, 2015). By prioritizing these elements,
universities can cultivate an eco-conscious culture
that fosters proactive environmental stewardship
and knowledge-driven decision-making.
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Furthermore, embedding sustainability concepts
within university governance ensures continuity
and amplifies the effectiveness of broader
ecological initiatives (Disterheft et al., 2012).

The hierarchical model developed in this study
underscores the progressive nature of sustainability
implementation, where foundational policies
facilitate subsequent ecological enhancements.
Findings indicate that employing native
vegetation, sustainable materials, and energy-
efficient infrastructure significantly contribute to
campus environmental resilience (Lau et al.,
2014). Aligning these strategies with institutional
frameworks strengthens their long-term viability
and fosters interdisciplinary collaborations. In
particular, energy management and waste
reduction efforts complement existing
sustainability frameworks, demonstrating the
necessity of integrating various sustainability
dimensions to optimize environmental benefits
(Saeedi & Goodarzi, 2020).

Risk  mitigation remains an essential
component of sustainable campus development,
with water conservation and disaster preparedness
emerging as critical factors in resilience planning.
The study highlights the interconnectedness of
sustainability and institutional safety, emphasizing
the role of adaptive strategies in minimizing
environmental vulnerabilities (Whittemore et al.,
2001). Universities that incorporate early-warning
systems and disaster preparedness measures not
only protect campus infrastructure but also
reinforce ecological safeguards that enhance long-
term sustainability outcomes. These findings
advocate for a proactive approach to
environmental risk  management, ensuring
institutional readiness for unforeseen ecological
disruptions.

Advanced sustainability measures, such as
renewable energy integration and waste
reutilization, constitute the upper levels of the
interpretive structural model. The study reveals
that universities should first stabilize foundational
sustainability initiatives before transitioning to
more advanced ecological interventions (Goodarzi
et al., 2019). The progressive structuring of these

initiatives indicates that environmental
transformation ~ within  academic institutions
requires a phased and strategic approach.
Policymakers and administrators must allocate
resources accordingly, ensuring that incremental

sustainability advancements align with
institutional ~ capacities and  environmental
objectives.

Finally, continuous monitoring and evaluation
mechanisms play a pivotal role in reinforcing
sustainability commitments within university
environments. Establishing structured oversight
frameworks ensures accountability, refines
sustainability strategies, and adapts them to
emerging ecological challenges (Whittemore et al.,
2001). By maintaining an iterative approach,
universities can enhance their sustainability efforts,
bridging the gap between policy formulation and
practical execution. The study concludes that
sustainability within academic institutions is a
dynamic and evolving process, requiring persistent
engagement, structured interventions, and adaptive
strategies to ensure long-term ecological resilience.

Conclusion

This study highlights the essential components of
environmental sustainability within university
campuses, emphasizing the hierarchical
relationships between key indicators. The findings
confirm that student and staff participation,
research support, and environmental policymaking
are foundational to fostering a sustainable
academic environment. The interpretive structural
model (ISM) reveals that sustainability initiatives
must progress from fundamental engagement
strategies toward advanced measures such as
renewable energy adoption and waste reutilization.
Moreover, continuous monitoring and adaptive
governance play a critical role in ensuring the
long-term success of sustainability efforts. By
structuring these initiatives into a systematic
framework, this research provides universities with
actionable strategies to enhance ecological
resilience and integrate sustainability into
institutional operations effectively.



AL drwgi § S Jlume b 3g0l

(FF=) VY gl o)lod comd oz Jlo

DOI: 10.30473/EE.2025.71522.2745

«55:'-“55{, Jio»

L oo Sl hw (ARG bl o o Silb
S yudi— (S sl Sl Jw

S

o Sl 1 Jae S Sl g 5 i jlame il lapasls plulid G ol Lol Gun
il 6)lub b by ele (gte | gala ygpe lail cunl (il slalase )3 laasls oyl
9 b mlio e o L5 ,8 il s (o s gy 3l oolatul b ey A plos] baolKily )
b b (gl K9 Lol (6ylk sl )3 S50 slalne b 0235 (6)glaer G jlae
Loals Joaloss 51 gy bl gy Emnjlame (g)lanl 2 pasl jo 58l bs)) & g ys ol 3 oS
Legazno o8 ol i gulis 18 4685 IS layasli (o Lalyy (oesd Sl (=)L (53bo s
sle s s il o Bl glhb Sldllas odgue o Jawe (gyll 35 0 Lo lgicdy asls VY
w2 (wjlase (HliS e uwlis 5 Slhiss o b jl coles ¢luiis)l8 5 bgmrisly ¢S )lie
oLl ¢ gog LS 3l oalitl (slayab b 4 55 Jho pgd o )15 5118 (g ppdi= gyl b Jae Jgl
b oo 35 poladl Al wy glise (IS 5 baglozsle g5l pas pialS ik glas |
b b g by il con o 4 Jlnl albbeo b ablie (85 pylez 5 pows o «3a5 0]
b b b a2lge 5 (Sobl g ol Bras 3 pgdpo slaailie ol (ul )3 g pgboar il
iy g ) ol 0ad ) (6550 Brime )3 (p52d8)0 55 paw paw )3 g Cusl 00D (Bpue
5 IS 5 Jae 3T a9 0)1 )58 il 005 (5 @lte g Slowny 51 200ma 03litl (glaeilye
Sy b o)yl

SulS’ slaojly
lmabose sl dxwgs ¢ e (6138 sl ( D5 39y s jlae y5ige] aw oKl
&l

"S5 4l B Gugmn Olesf
W jlame (qwdige 5 pole 09)S bkl )
Bl cugjlare 5 (b mlo oaSiil
s g pole 09,5 (i)l (soomiils Y
9 Lf"‘b C.:L.A 04 ‘gﬂu_l).laom

s g odin g
S Ol
Isacedi@malayeru.ac.ir :acbll,

VYN el b
VEFYIVY 1o S5k b
VECR/F) 1l ol

o ol &y aliw!
Sl (1FF) adle (oS 5 plasl s
ooyl by 2 glalad > Jae
(S )ile giledre b9
drsgi g Com bapme (Bjgel ol aslilad

FEUONE Gl
(DOI: 10.30473/EE.2025.71522.2745)

ool 55 ply Ry cellin ) 56O VEF Ll o Bieysi 4 lete it

el e 25 o3l 3 i Ll ey b g lis & g Sty gy o ) 55 enlizl 55 o 9 008 it 5 S o Al ) ((e€) (D) ®
Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0

B HE


https://doi.org/10.30473/ee.2025.71522.2745
mailto:Isaeedi@malayeru.ac.ir
https://doi.org/10.30473/ee.2025.71522.2745
https://orcid.org/0000-0001-8749-3829
https://orcid.org/0009-0007-7917-3666

o= 3o (g5lw Jde b 9y iy (sl yly by 1 2RGh clalad o Jaoe o)lul ‘_gjﬂw 9 S V¥

Fissi ) aiis’ cosii |) il )l & a2 Sinjd
Lol o ol (et al., 2021; Gilines et al., 2014
oilS (5l g0t LB 3 (oo LB (pipen
oSS 5l Sy e e olab o sliegss Slali
@ 590l 510 50 (BRI > slaaslp > (glub
Peters ) w)s Cawjlosms jl colos gl laes,lee 5 il
& D’Penna, 2020; Ribeiro et al.,, 2021;
el 4 4y« plplo ((Sugiarto et al., 2022
=3 4 olge ) (2B sbdbge )3 ol dewg
Ogldio slad s calisee Glalllas a5 5,8 4l oo glis
lodls 8wy py90 1y ol

ke (55l0k 5 ll dreg Sle Cun) 5L bLS)I
Gl 48)8 o alizee ldllas 2K clalas )
dly wanlyd g9d90 nl )3 ele (gte 3 6r9pe Lt 5

i) el ssy 5 el b (gladlas > e 5
Lo blad dewgi 3y5 )0 b il STyl gy ay
b ol alie (Ml 60y 5 ez 9 ISl
P glabiow 31 glacwln I i Glysa
Johnson & Castleden, ) assly)l)8 adllassyge Hlisl
Ol bgmeisly ol lis §adss ool gl (2011
- e Nyl 2SI slalae ;1) O plie jI cbilis
G0l as baye slacyld (o 8 b 4 JeddMe 4 a5h
Ao o |y Bk Jaie Wlgh o oS Kitud (i jlasre
A P gl 4y

20l dcwy Lol dx dw (g9 ddllas SO
Sugiarto et al., ) s Hlwls a8 b slalyow
Sl § jg0] 9 6 353L sl l s kidy am (2022
laoly (slyal L oS isly o g,y dn p3 . S 5ub
s jS 5 5l 0 e y—e GlaimeS Ll
Obee 2 1) Cjlapes iy cla)ls) ololy Jdg Jes
$x5L balpl dn aimd oo gug s QLS 5 plgemtils
slooygd allg (yd 4sbyy )3 (65l punlio pléol ol
PSSCE N ST RN I STV S P EV VST SUCSR
5 pimpiaes 5,0l plie sl clagla L 3 1l
aly sl U asS oISl oy o pis (sl
Ly yialS ] Jeorecu

Olegidge 45 uad o LS adllas S bl puicren
P glabese b gliwl) ) ae p Slidis
b )gld ooy a5l (8 slmolstsly o Josiio

4oddo

G20 oyl slacdad laicdy aygudS oled jd WolKiisl
dxogf s jlae (2LSTAS 29 b 0wl 50l
Ol 9 A8 oo Colan |y Ll dngs slagSl g ol
Gholami et) 15,15 oxge p ,lub (glanels sl 1> oo
(=55 g 650 3S1pe lgicas oKl (al., 2020
e silussiailys g Ghisel (sl (63 By pandio Cuo b
5 oih L azlge dlwgay ol (g a5 plaaseis
e Lol an (S @l b 3)9e (lac e
Syl Oliiog 059 el )15 Jlub dewgs g g pyee
Cl 00 Caiio 5 Cdgd cdzol> 8 Lo 4y 4 o0
olSiils oyl plis (Johnson & Castleden, 2011)
SLr)lS b ool ladsel) (ol 4 wlg
i oo Clon )0k dmely 5145 olaisyglid g Can
PS8 B 5 pre (o8 (2L glabae ocnl
ol iily 48 o .0 iS o Loyl asels )3 Jlul dewys
I8 cadlyl )3 398 laih lala e ) b
Ot S jlaze jl Cudlio 1) 253 0 LS cimd oo
Sl Hlaol asels S ologl o VS &S cind o
il o s, (Sugiarto et al., 2022) wuS' .
e 48 sy S5 gl slmolSiylejl plgied olgiee 1y
ogall (sotigns 5 5 o aled @]y (5l (slnosed
calupludl clalay e 45 im0 Ui |y ol o,
) lie (6y90 0 citd (alS' 1) 395 ez (51, wilyi oo
9 bl by (s )3 1) (5)lhly Ky g s )]
malio 34l L (Lau et al., 2014) uus” cogi LS
LaoSiily ¢ Rl sladbgze 13 jlul drwey 4 by o
Cgonl 3)90 53 3,81 ouimd gl o isplall Al oo
Asb (oobasBl plgs g elosal (gl o jlame I cbolas
A ologl ) pilnl asele S bl g a0l JSS (s g
(Saeedi & Goodarzi, 2020)
il (il 4 baje cole 4 28 il
L casenl gy Jle jgal Sluwhe ¢ lnolSisly 5
“oglss 4 g ) alasS lyieas alad ) S1p ol
b s ) ¥ gtuns slis 5 g jlaims Hliuogd clo
pLeol U ailgi o oalSiils gl (slabagms .S o os
(BB glad by 3 H5 e Cugjlase slacuwluw



5 olanly (tmggy s sl bgel pLLaS 55 aiiy g
Conjlasre AU o > 50 ol b dxels  oliwl o
Pouranjenar et al., )issg gl op i <l
(2022

15t Gyl 1 e clmolSils I Sy oMo oSl
A Gl 03)S o 1) il dad 93 0 (YL dswgi oS Cowl
s jlae ()l A bayje cols a4 dagh b o a3
ce JS5 o 4T sl oYL el (gl oSl )
5 Comjlace Jiug lagyls 4 g | 208 olg
o g 3ygl 3929 4 (mnl by o Sl Y gt Clilis
s9x0 Canjlamo (ol 4 4295 po3l L 1) oai] o8
B ool g3 oplpls 9,8 Ll alKishy slaadly )
sl g lapasls ag pliws ol plS )5 Sas
= )l Jho 4y (2litiod g g (st jlasme
Gl 0355 Mo olKiily )5 o s lis ol Lol

R (il w9

JS 50 0l 83 Badnd Bus slie p Llags (wlid Jbo)
Cawl o000 uL*‘ )

r = 'i |—
| &l y950 1) I
I 1: Litrature review |
I
I \l/ \I/ I
| ISINSIEEE |
» 2: Extracting criteria I
% \|/ \,/ I
8 v . \ 4
= oo 3: Experts’ view .
=2 |
£t
5 C S5 A b, ¥ :
g * 4: Fuzzy Delphi |
a3
)

38,51 slaylie gl el B
5: Screeing influential
criteria

JBg e g Slouy g (2ls dlge Cy e 0l Liadgn
sl wladss (Leal Filho et al., 2021) el jlub
olBisly (630 yaebyp diile ndaddllas (inS (slaojes 4 Ll
Sl 5 5 Sl 65,00 L 5l Al
P53y S3lgg8
G5 el Kal, b bl s Lalis clalllas 55 ol
o=l suis sl alB il lad o jo (g lnl
Iy oyl yo calisee aBah e 1) B cldles
aS ol L gladlas gols Jloploeds usS 5yl
coda (R gk ) (gll 4 ol sl )l
lidos ol Ghjeel » Jatde o diun Cilie aiwd
Cogr g oolaill 5)luk slonl lul (Slles lajls
(Darabi et al., 2019) 545 0 —5j90] (wlodi> g
o L adaly )5 505 (gladllas o lagy slaaidly
oo Hlatgd o5l 35 clan] s o s i
oloe 48 35 1L ¥ 5 i ¥ il ) S
5 S8 cshles lacsluon)dey cuiy 4 baliy
S5l S Gasglaile ol dusgt IS Canlp
3929 9 )Mk (ebj)l g (hpde (62,5 (e syl
ol 3 g Janl Jle el s 5 (g0 les i

295 Ao F
6: Pairwise comparison

\|/ \|/
v v

8: Creation of binary matrix

\|/ \|/ a
v v z
Ul bulg,y > A g
8: Solving contradictory relations &
| |
/2 \'4
o &l A

9: Presenting the results

—

v

é

e ooy )+
10: Drawing the model

rolb Gedos plol Jolye ) JSW
Figure 1. Steps in Conducting the Present Research



o= 3o (g5lw Jde b 9y oy (sl yly by 1 2RGD slalad o Jaowe o)lul ‘_gjﬂw 9 S \Ys

S ) ol S b nSilie 1 oolinl b 5l
dwbro b wilosss by (I, m, u) ilie (56 dlael & ygoa
ol 33 S e S 5 1 gty allhe b ke
sy 4 et g lam dal il g5 slael 5 Sle ¢ by,
Ll e (o5L8 dae G ol don g oo duslxe
A o i 1) ol )5 e wlylal 4, Sile oS Cowl
st (638 dasl (5 Sle apusloes 050 () 5 (V) o)) b

RUSPR v

la [ aolone g, (V) alal,

Sl
n
1o 1 agulons i, ) oo
_ =1y
on
o 77 duuslio g, oY) s
_ =1 M
n

O Li, mi, Ui ol Lol S sl 0 ila Jge,8 ol 5o
Uty b ke (i g cp P eie (eSS
ol ilie gldda e ; sngm d g ulpli
03l B e dnwlore gl Calegyd el (655 (1 Kke
nymd plie ol @S g e sl 2 58
Ligd oo med pd b 6l dwlee

o9y 2l ol paseda ¥ JSS )3 o5 S5 plen
Wb 4S8 4 als yo gy )3 6yl (5)lE Lo (il s
glio Jolid j5 (6 ypmnd (6515 L (Gl Jao al> o gy
(SSIM) ) 55 s s 355 Lo B 5
by Jo S0 g o G yle 4 SSIM Ljly) Jhas
lbacseze g Slodde ¢ owyiwd Cubld & sloiwd (28l
o 0d)SS oo sl (oo ddis Jloges a9 @bl
Gl 04 031> s gl dsbl jd s

il e sl po e doliidusy S ol o
Se el ol s b (b g pds )3l
lopasls b sl 5 oo o lyis ol )0 45 g yile
il () bl g2 0ady 8 dls po 5l o JLys
oL sl (0 5 XA V) olas Jlag 6 puds 5131w
5 S A 395 g0 Jlas] 4a3ls 93 oy Lailgy glgl ol
53,8 ol 43 LSS SSIM 6 s oliiwd (glps o o,Le]

1. Structural Self-Interactive Matrix

Ao Oy Bud b (oole it Ggie 2 (55900 il
biye 2BEh Gbbow 3 daze glul slapadls
Gaa L Sldlas 0d s o cpl 530 plos] g
g oad ploxil (2Rl slalas )d (g )lul sbel b b))
oS ladgl Glaasls ol plis ©5,5 )15 (cw)p 390
slolad > cunjlaze (gylul ggbge b1 LU oo yiden
Lol Agyy0 pioren WA gl sl wisl &Kl
4 399 (sl 48 Wi ool sl s e b jasls
ole e 53 4 ke ulil il cuslie 2,5 e
5 cmorldl aldlir blid b g Wiog oad ST 2y yuixe
S Slasean dalllasd jae ddlaio (slacysdly

Lncadly 5 aoms Ll by 551 (slalons e
I8 Gadad 3550 Mo oSl o (eolasBl- clain! ¢ ouldl
lio b3l 286 slajline (s 5l Lasiyo (sba)line 9 <855
B0 bl 4yl e | sy o Sl

5 S > gy Sl edlaiwl L gy als o
sl sl 3 e claadls () s ) Lom )l
ol el 5 lolis e oSS (olitd 53 Camagjlaee
oolaio 1 ool Uy Lo ol y oS, izl «yslaie
5 A8 59 M4 SVl il b slb o S
ol sloml 1) X jlie jax wd odpuy LS5
i obj jhas Sb o 550 pMo oKty jd o oo
e ) pamastie o)V (JS 53 08l g o5 chawgte
«8ygliS oyt (g)lase jlame 5 (b plie
oSl agee Ll by 4 Ol gilio 5 6505 (g50yaeb
5 o ol S lie dolidun yy JweSS a0l )3 )3 ingy sl
Sl 5L (A gy 0 i dslidny ozl <l
Moml p 5o lajline a ) 5 Lajlne (35 pild
25 ool ol g jlame (g ylL

Sl a8 cnl Slidos SusS S 36 A )
089y Ol D95 LS A 3181 il g ol (6 )glae
odlasiwl b g dgui oo odlatul odomy Jluwe Julodigd jo0 (gl
o3l b |, aseiiol g a8l (cloodly (o) gl oS! ;]
S oo e 3B slazg S

OS50 0 Ly S Lyt Bua b 55l s b,
Sl 048 03> sy (ode (g0 )3 (Eotie s S B e
5 oslinl Ly (g5L6 (il g Lagl o piyine 31 (56 &S
5| 3o ool > (Habibi et al., 2015) ceul Sl
OBy el 00548 05 g Slwlors gl (1Ske sl



Y VEF (gl 0ylod cumd)loa Jlo b dmwgs § Canjlame (5590l sole dolilad

Hoddn g (Solad jd ()l pdiged (Do) 9 B85 () (AS
e (oS Slahy Jledliwl Ly (L 5 2lsy (b))
2 bl g oy s sy bdaly 3 (Vo)) gl
aS U0 rydas sbadgein) (85 Gyso S Olalllas
oy 2 can BT 5 35 4 e bl 5l cuns
Wb addllas ol > SLL g

S obaebsl (gly (IS diwd Hlon p Jeiidio badgein) oy
s yo gy Jold a5 conl (i sl imgi 5> sl
el 2l o ¥ o Fealy g sl cllas Mo
bwwf ‘L?I)L’ Ollas Mo 2 )L.a&‘ u».u‘)ﬂl ‘5]); 65).;.»
5 il lyls B amdzwl 4 5, S 7ol |y el oyl
—03ld (6 ygl@en oguds pgd dgeity yd Aiwd 35 ks by
Bol L.‘>—>1)b LSL""‘M) a4 4_>9J dalllas QJI )2 )LJ.))% dlﬁ
3D cpow diwd (sladgein ) .Cawl Lasuie odld (yglaes
4 o5T L5 18 g i 5l ookl dandly oo s
gl dan 45 ol ol 0aiS ol 50 ggsge
53 i adlas Cpl fodge 4 Caus 455 9 25T gl
b Olbesg as (o ) cladgein, Lisy 3 3]
S S 098 48 05 &l oz plas 3)lge b b3l j> asdly
Whittemore ) cul @) jiso )5 o) sbel oSS
(et al., 2001

Jds iy 5 la gy L 0l j3 UL psgio
&9 L ulg oo a8 Oldlles canb o cglas
&S Ollas )3 bl porde (S )gbas 4L 53l n AL
545 ) el palae on 5 dunlio 31, 51 b cpls
O (8L > SNl ras Julod 25 5 (i (g0
.(Glaser, 1965; Leung, 2015) .

o9y badl

e oKl Ly b o ks 5 @bt yope 51 ol gl
lal B 53 I 5 ogilly (glajasls o g o 51 (S

1. Whittemore

2. Design consideration
3. Data generation

4. Analytic

5. Presentation

R O I JRSVUNE I -2 X WS WP K VRS S VAP N [ IS W
ol 0a B 5,55 A wliadss  as LS SSIM &
.(Prasad & Suri, 2011; Sarikhani et al., 2020)

Sed dn)lSe il b Gl m s po
g+ Jlodlaiul b (S5 g yho (o le) gl (g yiwd g plo
el e Sl el (Sos o oalaiwl V Jgas 51
Jleglpiean Al aiily 3y adgl owyiws sy lo
WU C asls p B jasls 4B Lasls p A jasls 3]
Sl )58 o b C asls A sl liakes oIS
Azar et ) b oolatwl ) ddslee jl ¢ yablie Lalgy opl >
(al., 2019

SIM=Boolean(A™'= A") :\ dske

o yd o ple 4 SSIM s gl Jodlygo .Y Jgoar
4|

Table 1. Instructions for Converting the SSIM to
the Initial Reachability Matrix

)" (iaj) JSJ“’

"Lo )'> (Jsi) JQ"M’
q g 34 -~
53 (1) Jokw M‘.I’H i oyl
SSIM £9 I ol o piasd
Cell (i,j) in Cell (i,j) in Cell (J i) in
SSIM the initial i
the initial
access .
. access matrix
matrix
\Y 1 0
A 0 1
X 1 1
O 0 0

945 e 018 Jlaw b ge2 (25 (lied pyile
L dmd oo gl |y sj po (Stuly )35 (gt b go2
Slodde g oliwd ladsgere g yle cul by ()2
Sl (Pliwd desgoome g oo gl Sl padld a4l
)38 o 3l o Biow p oS cul o) Jols A jasls
U coog 4 cul gl asls Jols  Sledie acgess
s 48 NS o et degazee g o) B ) 45
5055 3l ISM ol poabuds eVl g 45 sal bl
Sl Sl ol g Bl (il oSl
oo Caledpd U agd e 5185 (S gshaw lial (ol
Tob o2l o balyy 9 s Cilis zolaw )3 12
23,5y
)il g cawlio osimd i oS Oladss > ol
conle 4 4595 b (Leung, 2015) ol aosls g aasl 3



o= 3o (g5lw Jde b 9y oy (sl yly by 1 2RGD slalad o Jaowe o)lul ‘_gjﬂw 9 S YA

2ol slasyols 5l eslitwl g s oKl Jgo! 42!
SO Glgiedas wlg o 30 @B il Gljpss g byleis b
3 i alsyn amjlame 5l 315 (sl e s
L_é)a.a.a c<_§l.s d)).sl éil.uo )l odlasiwl » M .))‘90 L)"I .)).5
sla s ls Cowl g jlase Gl (ials 5 sl diuge
L by sl bjgel asll s o6 <yl 5 (3500l b Loy
)'I &)L e 9 u_mLf‘ N 9 olRuslsy glacl 4 Conn jlasme
Sl ot a3 ad G lsisdy Dl e 5 el gg
Dy )8 drgidyge (AR (glad > g jlame g)l0k
cblis 5 lul layld, gy 5 (bjgel p Joidio 150 ]
Ll G jlaso

5 oadand Oy S b sl ale Bie glasliin
0dgdome sl gyl BB o 1) asli e Sl e
Joi e85 )5 (B3 lawgs (3 0505 390 dslllaes g
ol 02l L 1y 8 18 dolidiun py poogs SleMbl ¥

1655 Byao U iy o slajos s aiiws puwds B
&l Sleladl sl g oKl j5 (65,5 Bpms e L)
mjlame (6)10h 53 pte (slalne danjl o] talS
i o SU 65,0l mbio 5l eolaiwl Jols opl .ol
P9 e 48)S g0 (slasyolid jl ekl 9 (5551 (5y90 10
Cope S99 (il ilowy Capte b lape sl yadls
aS Cowl oo slajlize 2S00 5l 0Bl jo abilous
b > i jlae (6ol g pSejlasl (ol Wiy
Jolis Lo ol opl 0,8 1,8 oolawldyge yoMo  &IKl
-0 ld 0d o lewy Wg8 LialS g bl o oluls
)‘ osliil ubm u’.sl)))‘ U».Jo C”L"’ )‘ ool LY by/w L5L°°
A 3l 3 M o8l > SB o] Wle Lanb wlie
Jolis opl sl g slame (o)l (sly pro sl ol
S o8l Jaol 4 dngi ol jad L 0ad o (iaaw

Table 2. Descriptive Information of the Expert Questionnaire
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