&b Lo ¥ sleo 3 oaliunl by o o LRSS suwiitpo (o5 gol (1S ailolis ;K5 1 4105 ;G folge cyumss
MICMAC s 5 ISM (g yaundi

"og 60l oo 9 % (Ao (ylenS Tyl 0 )51 (G0 4y 550511505
oS>
WS oo SaS o3l @ Ol ol il g e ¢ gmie g A et IS0l (LIS sl p3Y Sla Sl G et 3 (S wlole S i dus
U5 o yel oz sl 5o i ST 6l 6550 sladoly caled o 5 S w5 alelid (Jilog 5 (flate s b |y e sl b
oS Sgne 4 LS Wbl S el )93 0 @YU Coeal 5l )5 lakaze )3 Cudige ln 5e psba Plw Jo g Sl (6 S meea
G Sols ol S S6 ilaie 5 Al O O 5 bl b oagalee 4o oLl 4T sed e el Sl WS e oS (6 S pras
J ol b s SaS ol 5 0 ,Shas Sguge 4 5 il 5,50 e 5 odg o sloany8 40 a5 ans e 1 Sl ol K53 gl il
CodeS e Cloe Wl oo azFeS ol 0,0 7y quaigs Shjsel Sloasly jo Silee nl Giygn 4 (B azg &5 wes e lid b,
Gla sy, 5l osliial g oS loles 1) ailolis S5 5 S50 Jelge b wlos S oDl oyliizea o gy ol 5o il axsls (Kasgel 2ils SLlS 5 359al
led s |y Julge ool gl SAbLS )l ¢ (Jlos
Sts; S5 3l edae Gl gl (sl Gl Cusl o el (g5 oK pnige (IS 5T IS 1 55 08 b gl cnl (g5 9 Slge
e (Smrad 9, 5| (05 G5 )3 55 5 b eoliul Jalse olulid (slp soliwl anlllas I (&S s 50 45 5,9k 4 Wipgs 0y (o5 5 (A5
5 bars, oKisel jmil Jols iz onl o bl danels .ol onds oslinul MICMAC  Llss 5 (ISM) (6 s (o li5les &¥oles 35, 59 5
Al e aiien JELo baolejle 5 cilisee mlio )3 a5 Coul )5 olKsls cwiige Sliie sla il 5
& 5 Jelos 53 Ul sl o slo Sigls -1 1ol 05,5 o 5l Wlolis Si5 o5 G0l Jale i ol ol 15 S At 3 Sy
hos 4 Y ipslee Jos a4 955 (LS 5l plejle &5 s5ine 5 b slacaler lejle Gl Y ke 5 it Ojg0a SIS
ool plas —0 onizmey Pl S (sln ohRes b ol 5 6580 (29,5 )5 -F oo Cess 4 )5 lpge Jsbo 5 o5 hos 5 (s slaa 29
) 2 a8 plesle S e S la)lid, g byl da byl Glejle Seap F s oo B ol 3y9e | 093 slas Shes oS (glS slapllas
Al o 5148, g ool calite slaand, e 5, Sen g bLS | rslans )l Eelas -V o135 oo 3G ol 3l
5 eigh oo bt (LSl sla e plgreas (B0l ol (029 55 o los 425 o Slojle Gl e Jo sla Kot b i o Jale
Ol Wlg3 o witasns 355550 ol ogdle g ausl axals Al S slodes 3T Wig oo b it ol 10 ks 5l YL (Siwly 5 Colas &j08
2 bl wlolis S& p IS 250 Jelge St 5l (o 9 S pite plgie & Slojlo Saa b uizmen ams 3 156 Cod boame | Lo it
losls Kin s 53 Sleds %0 Sle 4 CBS b s S 2 ol 0] e b ol 10l o Sy 5 Vb 588 08 s ke ol
5 S Coloe a8 gl S el sud Sl asly i Gl @ gl Al Glee Ol g el LSS o ol S cu el cely Wil oo
CarieS Sgety @lge (ot ybn sl 1) 6y Wl oo S cnl el ond Slulid uldS ele lsieay Slojle Kimjd i wyad (Sl
S olgear wlsioe @l wled el Jid slalazme o puaige QS gal il (id 0 Slos gl g (c2isel slaoygs o bl i sl
WS SeS laglasle 5 Gl 4 Wl oo Grizmen 0,5 )18 eoliiul 0,50 (aRals (B9l sladsl 5o alolis S5 Bgel CodS Gl sl Lotal,
e QS gal tils (it 3 Shae Sl 4 e Cules 50 &5 S By g Qlulid | ol S Sk S sliwly 50 S92ge &lse U
tle)lSal; 5 S o 05T lSas gal ils o wlolis S5 Cogis o 5o Jalse nlo g (Slojls Kb ool @ gl ol (S jober b salys
w3 o &l T see sl

MICMACISM (g s (5 L5l SYoleo ‘Ql.i'i_iyo] ol ¢ i calolis S W §lgunds’

Ol eoylyes oBails o waige (8 00Siils o wadige ijgel Ay o)l ol IS (gazeiils

Olnl Ol Aol olStile (18 (FaSails « puiipe pole 0aSitils cwdige (B5ely wly psle (jgal 09,8 Lotils ¥
ORI ol o8l s S fpsle 5 (oulid Ol oaSiils 1 fomins 5 g (paadS (iou lesils
ol el s olKals i pole g owlisily, oaSaslse Ladls ¥



Identification and Explanation of Factors Influencing Critical Thinking in Chemical Engineering Graduates of the
University of Tehran Using Interpretive Structural Modeling (ISM) and MICMAC Analysis

Zahra AkbariPordanjani', Akram Hosseinian", Keyvan Salehi “& Mohammad Javadipour®

ABSTRACT

Objectives: Critical thinking is considered one of the most important competencies required for engineering
graduates, especially in engineering fields. This skill enables individuals to identify and analyze problems with a
logical and analytical perspective, and ultimately provide effective solutions. In today's complex world, the ability
to make informed decisions and solve problems effectively is of great importance for success in work
environments. Critical thinking not only improves the quality of decision-making, but also enables individuals to
think creatively and logically when faced with challenges and problems. This competency allows graduates to be
influential in industrial, manufacturing, and management processes, and contributes to improving the overall
performance of the organization. However, studies show that there is insufficient attention to the development of
this skill in engineering education programs. This lack of attention can have negative consequences on the quality
of education and the efficiency of graduates. In this research, the researchers have tried to identify the factors
affecting critical thinking and explain the relationships between these factors using analytical methods.

Materials and Methods: This research was conducted with a focus on engineering graduates from the University
of Tehran. To achieve this goal, the researchers used a combination of qualitative and quantitative methods. In the
qualitative part, document study was used to identify factors, and in the quantitative part, correlation method
based on two methods of interpretive structural modeling (ISM) and MICMAC analysis was used. The statistical
population of this research includes graduates of different engineering fields and majors of the University of
Tehran who are employed in various industries and organizations.

Discussion and Conclusion: According to the findings, seven key factors that affect critical thinking include: 1-
Problem-solving skills: the ability to analyze and solve problems logically and effectively. 2- Organizational support:
financial and moral support that organizations provide to their employees. 3- Practical experience: real and
practical experiences gained during the career. 4- Teamwork: cooperation and interaction with others to solve
complex problems. 5- Reward system: incentive systems that recognize good performance. 6- Organizational
culture: shared values, beliefs, and behaviors in an organization that affect people's behavior. 7- Interdisciplinary
interactions: communication and cooperation between different scientific and professional disciplines.

Factors such as problem-solving skills, organizational support, practical experience, teamwork, and reward system
are known as communication variables because they have high driving power and dependence. Changes in these
variables can have a significant impact on critical thinking, and in addition, system feedback can re-influence these
variables. Also, organizational culture was identified as an independent variable and one of the most important
factors affecting critical thinking. This variable has high penetration power and low dependence; therefore, by
changing it, the entire system can be affected. In other words, changes in organizational culture can strengthen
critical thinking in employees and interdisciplinary interactions have been identified as a dependent variable that
has low driving power and strong dependencies. Organizational culture has been identified as a key factor. In other
words, if the organizational culture encourages critical thinking, other factors will naturally improve.

These results can provide a platform to remove obstacles to improving the quality of critical thinking education in
training courses and improve the job performance of engineering graduates in work environments. The results can
be used as a guide to improve the quality of critical thinking education in university education programs. It can also
help managers and organizations to identify and remove obstacles to improving the quality of critical thinking,
which will ultimately lead to improving the job performance of engineering graduates. In general, this research
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emphasizes the importance of organizational culture and other effective factors in strengthening critical thinking in
graduates and provides solutions for its improvement.

Keywords: Critical Thinking, Chemical Engineering, Graduates, Interpretive Structural Modeling, ISM, MICMAC.
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