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Abstract

Technological change and development of advanced technologies are considered to be one of the basic
requirements for the survival of organizations. This research aims to identify and rank technological capabilities
in Shiraz Petrochemical Company using a hybrid model. The research method is descriptive-analytical and the
statistical population includes managers and supervisors of this company. In this study, by reviewing the research
literature, four main criteria and 20 sub-criteria were identified. Then, using confirmatory factor analysis, the data
were examined and for the final analysis, a combined approach of fuzzy DEMATEL and fuzzy network analysis
was used. The results of the ranking of the main criteria showed that "technology exploitation ability" with a
weight of 0.279 is in the first rank and "technology identification and selection ability” with a normal weight of
0.223 is in the fourth rank. In addition, the final results of the sub-criteria ranking indicated that "Production
Planning, Supervision, and Coordination”, "Human Resources”, and "Conducting Research and Development"
ranked first to third. Therefore, it is essential that necessary and vital measures be taken in this area; including
identifying and monitoring new technologies, gaining comprehensive knowledge of all issues related to the field
of technology, making appropriate decisions in selecting technology, determining its path of progress, and
evaluating and selecting the best possible technological solution. The results of this research can be, a guidance
for Shiraz Petrochemical Company other similar companies in identifying causal factors and work priorities.
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In  today’s  competitive  environment,
organizations must focus on technological
transformation and advanced technologies to
ensure survival and growth. The effective use of
technology has become both a challenge and a
priority for technology-based firms. However,
one of the main barriers to gaining a competitive
advantage is the lack of awareness and accurate
knowledge of organizational technological
capabilities. This makes the evaluation of such
capabilities an essential tool in technology
management, enabling firms to identify
strengths, weaknesses, and technological
gaps.Technological capability refers to a set of
managerial and technical skills that allow
organizations to optimally use science and
knowledge to establish, operate, and improve
technological systems. These capabilities play a
vital role in selecting, implementing,
maintaining, and developing technologies, and
they cannot be easily imitated. Thus, assessing
technological capability is necessary not only
for cost reduction but also for achieving
sustainable competitive advantage.Considering
the importance of technological development in
Shiraz Petrochemical Company, its managers
must continuously monitor global technological
changes, evaluate organizational capabilities,
and benchmark  competitors’  progress.
Accordingly, this study evaluates the
company’s technological capabilities using a
hybrid fuzzy DEMATEL model and fuzzy
network analysis to explore their different
dimensions and implications for competitive
advantage.

The research method of this study is
descriptive-analytical in its  research
classification and has an applied nature in terms
of purpose. The statistical population includes
managers and  supervisors of  Shiraz
Petrochemical Company. For the initial
questionnaire, 90 people were identified and
due to the limited statistical population, the
complete census method was used for sampling.
In the second stage, the statistical population
included 10 experts and specialists of the
company whose opinions were used to analyze
paired comparisons. Statistical analysis of data;
It was carried out in two main stages: The first

stage; Investigating and determining the
relationship between the latent and manifest
variables (from Table 2) After conducting
validity and reliability, confirmatory factor
analysis was used. The second stage; in this
method, fuzzy DEMATEL techniques and
network analysis were used to investigate and
analyze cause-and-effect relationships, and this
process was carried out in ten operational steps.
The steps are: calculating the direct correlation
matrix, normalizing the direct correlation
matrix, creating the complete correlation matrix
of the criteria, calculating the complete
correlation matrix of the dimensions,
determining the intensity and direction of the
effect, normalizing the complete correlation
matrix of the dimensions, normalizing the
complete correlation matrix of the criteria and
forming the unbalanced super matrix, forming
the balanced super matrix, restricting the
balanced super matrix, and finally extracting the
weights and prioritizing the factors.

The results of the study show that; the factor of
technology diffusion and commercialization
was also recognized as one of the important
factors of technological capabilities in Shiraz
Petrochemical Company and was ranked third.
In this regard, Sambamurth et al. (2003) believe
that by identifying the opportunities and
capacities created through technology, they can
be transformed into new strategies that provide
different access to the defined goals of the
organization. Of course, some of the goals set in
an organization can also be achieved without
relying on technology. Mao et al. (2016)
indicate that technology commercialization
plays a very important role in economic
development. This process actually involves
converting ideas into a business, which will
result in job creation and wealth generation. For
this reason, success in transferring an idea from
the mind to a product or service and offering it
to the market depends on the accurate and
effective implementation of the
commercialization process. This process
includes discovery, invention, and innovation
and is iterative in nature, resulting from
continuous stages of trial, error, learning, and
improvement. The ability to identify and select
technology is also recognized as one of the four
main factors affecting commercialization and is
ranked fourth in importance. However, it should
be noted that the difference in the weight of
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these factors is very small, which indicates the
importance of all of them. What is most
important among them is creating appropriate
conditions for the correct selection of
technology, since the concept of technological
capabilities is considered appropriate to the
conditions and requirements of companies
(Dominguez & Brown, 2004); therefore, it is
essential to implement the necessary and vital
measures in this field; including identifying and
monitoring new  technologies, gaining
comprehensive knowledge of all issues related
to the field of technology, making appropriate
decisions in selecting technology, determining
the path of its progress, and evaluating and
selecting the best possible technological
solution.

This study identified and ranked the
technological capabilities of Shiraz
Petrochemical Company using a hybrid fuzzy
DEMATEL model and fuzzy network analysis.
Four main criteria and twenty sub-criteria were
examined. The results showed that “technology
exploitation capability” ranked first, followed

by “technology system support capability,”
while “technology identification and selection
capability” and “technology diffusion and
commercialization capability” ranked lower.
Cause-and-effect analysis indicated that
technology diffusion and commercialization,
along with factors such as choosing appropriate
technological solutions, effective application of
technology, technology creation, and the use of
previous experiences, play a causal role in
shaping other capabilities.The prioritization
analysis highlighted planning, monitoring,
coordination, human resource provision, and
research and development as the most
influential sub-criteria. Overall, the findings
emphasize the central role of technology
exploitation and support in guiding industrial
evolution and managing the technology life
cycle. Furthermore, the integration of human
knowledge with decision support systems
enhances complex managerial decision-
making. These results provide practical
guidance for Shiraz Petrochemical Company in
setting work priorities and can serve as a model
for other firms in similar industries.
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Criteria Di Ri (Di) defuzzy | (Ri) defuzzy | Di+Ri Di-Ri
Ci1 | (0.222,0.111,1.555) | (0.444,0.555,1.999) 0.666 0.999 1.555 | -0.333
C12 | (0.444,0.888,1.111) | (0.22,0.999,1.444) 0.888 0.111 1.999 | -0.333
C13 | (0.222,0.666,1.5 ) (0.2,0.99,1.333) 0.888 0.888 1.666 | 0.000
Cl4 | (0.333,0.999,1.777) | (0.888,0.111,1.66) 0.666 0.333 1.999 | 0333
C15 | (0.111,0.333,1.333) | (0.99,0.333,1.555) 0.666 0.333 1.999 295
C21 | (Orrr ,a.666,1.222) | (0.555,0.333,0.444) 0.111 0.111 1.222 | 0.000
C22 (0.11,0.888,1.2 ) | (0.555,0.111,1.a00) 0.444 0.444 1.777 | -0.000
C23 | (0.999,0.222,1.888) | (0.666,0.55,1.888) 0.000 0.888 1.888 | -0.999
C24 | (0.555,0.111,1.999) | (0.999,0.777,1.77) 0.555 0.555 1.000 | 0.999
C25 | (0.888,0.222,1.555) | (0.111,0.888,1.999) 0.888 0.999 1.888 | -0.111
C31 (0.444,0.44,0.888) | (0.111,0.444,1.555) 0.444 0.000 1.444 | -0.666
C32 | (0.333,0.333,1.888) | (0.999,0.777,0.55) 0.111 0.222 0.333 | 0.999
C33 (0.44,0.666,1.444) | (0.222,0.444,0.111) 0.000 0.666 1.666 | 0.555
C34 (0.66,0.777,0.777) | (0.333,0.666,0.555) 0.111 0.444 1.666 | -0.333
C35 | (0.222,0.111,1.777) | (0.555,0.666,1.444) 0333 0.888 1.111 | -0.555
C41 | (0.555,0.... ,0.444) | (0.444,0.444,1.77) 0.555 0.666 1.000 | -0.111
C42 (0.111,0.6,1.222) | (0.222,0.222,1.555) 0.888 0.000 1.888 | -0.222
C43 (0.222,0.33,1.666) | (0.999,0.666,1.555) 0.666 0.777 1.333 | -0.000
C44 | (0.222,0.555,1.111) | (0.888,0.222,1.222) 0.999 0.777 1.666 | 0222
C45 | (0.777,0.999,1.999) | (0.444,0.555,1.88) 0.555 0.333 1.888 | 0.222

TD m plo o buly) 5681 4 oo
criteria Di Ri (Di) defuzzy | (Ri) defuzzy | Di+Ri | Di-Ri
C1 (0.888,0.333,0.444) | (0.777,0222,. 22) 0.555 0.333 1.999 | -0.888
C2 (0.555,0.888,4.555) | (0.222,0.222,1.444) 1.666 0222 2.888 | 1444
C3 (0.999,0.666,0.999) | (0.111,0.555,0.222) 0.888 0.999 0.888 | 0.999
C4 (0.444,0.222,0.88) | (0.222,0.444,0.777) 0.888 0.444 1.333 | 0444

ool pj Oygods Bylre jg blee (o gas 4 93 Johs 4 arg5 b




S S el (oS Jde 3l ookl b oo iy <8y 5> dilyglid (slacubld Jlos 16,91 113

0.20 C15
0.15

0.10

0O-R

0.05 C14 -
0.00

1280 1300 360 1380 Dot
-0.05 "

-C13
1440 1480

-0.10

-0.15

$39U3 5 g (ot lwlind CalslB gl pad Lo e 13505 2 yl3g0i

Jole cplpls gy Jlasbas IS 3L 5 e ggi g Mt Cuto DR (olyls atts X pgoma (UL &5 JJalge 2 Jlages 0 g5 L
X oo 5 & aloe poomen Col Hloye5 5 UL d)l.\f)»b il el e g9 Slcaolie wilyglis Ky S Clesl) C15
lolis) CL1-C12-C13 elge cplpliy b S5,15,95 52 65t 6oupil J 5 slao 639§ o Slsiio D-R (glyls iun
Jole st 4 wa((s)sld ol ypas) CLA bole aitun Jolao £33 5l(csy9ld ol 5 (5515 colio alS' 51 2T (opg (slagyslid

0.25 c21

0.20

0.15

0.10 €24
0.05

D-R

0.00
0 I:|E|Zl.IZPIIIIII 1.100 L

| e
-D:ID - '
-0.15

D+R

1.500

-0.20

G398 31 641551 0 50t ClylB b A LS e 3505 3 13900

I3 Wl NI b ) i el e 55 31 (pgltd ol 65 )l80) C2L bole o 39 oo dlanlle 3 lages & 425 L
&9 N3l i bl g (oriw Bkt )9l Sl yls o e 9 Lo 3 (25 sladign Sl 5oy 0yee) C23-C22 Jalge .o
ol 005 43 _olee oo lis 4y ob(cylls5 g gjuyaolys ¢ slusl 95 eeb) C25 § C24 olss izt Joleo



114

1404 Obisls 10 o)les 3 0)9d ‘@LA Cu o g drmwgd Ol e

D-R

-0.05

-0.10

-0.15

-0.20

0.20

0.15

0.10

0.05

0.00

0.900 1.300

S350 3lw (5,0 g aclil Culls (s pad Ll e ylog05 4 105

el Joy3 g Ul )38, 51 iyl Lo g5 sld cilo 5 35) C32 ol &S 5555 o dlislle B Jlaged 4y dag3 |
C34 5 C33 els i Jslao olyis & (065t JUil o 23l Ll £ clguases 5 Waaty]p siine 5 o>],b) C35 5 C31 elos

D-R

-0.05

-0.10

ol adlid (2ole Jolge plsie 4 pa(csysld Jl ol 231> Cu e 0598 (sl s)bS)

0.15
0.10
0.05

0.00
1000 1050 1.100

1.150 . I ! EHZ 1.450

-0.15

DR

SIPFST 3l ot (Sl Syl GG e 415905 .5 o903

388 51 i ol e g9 (59l dgme sl LB Sl o 5l eslizul) CA5 Jule oS 98 o dlaslle S5 Joges 4 dngs b
Jolse i Joleo (lais dy(dawes g (Baiod plovli slol @loludl plogl g i yasuis) C42 5 CA1 olse .canl jloy05 50 UL

5l s a3 lis oo Jels lsis 4y pa(@lgame 5 Wanl ) Seut ooyl ligios plool) C44 o C43



S S el (oS Jde 3l ookl b oo iy <8y 5> dilyglid (slacubld Jlos 16,91 115

kol S ylns e 413505 .6 3500

Ul 38 5 5l i e g5 35598 (s3lo 5y g aclisl siails) C3. Jule a5 355 o dlianlle 6 jloge5 4 4295 |
it Jolro lgie 45l ) (oot Sy gaiellgs f6y9ld (LS g (alelid (srieilys) C4 g CL Jalge conl jlo)95
)00 43l _owle oloe lgie 4 w069l 51 csyby 00 csioslys) C2 Jale

o plopgn oSt djlme ol bl i pile (il ey bl Jol8 bls)l s plo s3loJloy Jolpe o Slloe s]8 aolsl s
4 belge saucaglgl 4 bgye oligl zlymtiml Coled 13 5 Ggige omlepgm (s3lodgioxe (yige e pilopgm 4 ol kA5 (9590l
asloads SIS ojled Jpi )3 (alse gancagsl (gl glminl) pd dls jo gl ol 483 plosl 0as S5 53

Molse ol 5 o O35l 5 gt

1o lone Bl | (om0 | tled i | slone 3 sl “j;"
Gold i3S g alelis cubls c1 0/233
oy oy gld olulid g o, c1u1 0/181 0/0421 5 99
9l o) b Lagye el 48 51 05T C12 0/666 0/0455 4 66
s B 5 (S o5 ci3 | 0213 | 0/0466 | 12
Erslib (sl oo cia | 0209 | 0/0486 2 13
caslio 45lib Sl Sy Bl 5 b)) c15 | 0201 | 0/7467 3 14
9 5l )by oy culilE c2 0/279
Slatdy g ol laanlyp o gyobd Lisu il S g 605,84 c21 0/666 0/0363 5 15
Ca9bd 5 sy ope g cilu 3 ()1 slakign I )by oy g s Ko Cc22 0/989 0/0526 4 7
U5y ewige plool g (i ISl c23 0/666 0/0545 3 4
sl 9355 el c24 | 01215 | 0/0598 2 2
Sy (Saalen g oyl o440l C25 0/235 0/0654 1 1
9 (3l ()b g aclisl clls C3 0/224
Slgamo g banld awine § ob C31 0/223 0/0499 2 11




116 1404 olls 10 o)les 3 0,95 cqalio Co ke 9 drwsgi Olalllas

Ca gyl
B)lo Wlole | o 09 | 2&d 09 | sbre s> Cuglyl s
Solid cale g 35 C32 0/150 0/0336 5 20
ysks Jlaml o Ll L] C33 0/995 0/7337 3 17
ol Slaludl plosil g lSite auscis C34 0/994 0/0335 4 18
(0Pl Ban b laiss) dawgs g Buios plosil C35 0/238 0/0531 1 5

SIPPSS ) ot Sty B c4 0/265

ol Slelidl plol g SlUSite anseis ca1 0/666 10520 3 8
(Lol B b i) dewss ¢ Baios plos] c42 0/218 0/7579 1 3
(1l onic b cilirios) (63,8 Clisios plol C43 0/995 0/0566 4 9
Ellgams g bt b 200 cas | 0/99Y | 0/0510 5 10
6395 2500 (8l S5 Sy o 5] o0lit cas | 0/999 | 0/7527 2 6

rwl 5 b 398 Ao Ve sl I Jols b

lgls Saly o bl s (bl g 5)9ld (ol e «6y9lid Bl g (6 S prenal Jolge ()9l i3S 9 (alwlid Cubll jlme (s
S 5 25 Slocygld llid g oy s else Jhlie 3. g e oguome e gl da] U (613858 Sy e
J5S 5 6554 as)sld 5l )b pose CblB Jlino pogas )3 it Joloo g5 5l 698 0js> b Laiye colio 4S5l T
2 ot G Jolse onl o8 Ly caitn e g 5l (Slsl (g ool olenes el 5 ol il o (gl ik
Ol 598 5l (silapene g cdlu > ()6 slaign Sl slpese 5 )an pgzmen Jelse o3 (sgu S B ()18 5T
)15 5 4slal Sl Jlas (gl Wlion Jloby Jolae g5 51 g > (Sinlan g @)l ((532)40b 0 5 55)] (witine s oo
B deg 2)se cle Jalse plgieas (69l 5 Juols (il o e 5 o slos) b8 cgpgld colo 5 BB el Lulse «(5)58 (55l
2«9 Janl g (il il ol jendy clguasms 5 Baiy]p utins 5 (2 e Mlio 3 5yl (g B (535 b & 5,5 e
S Sl Sl odlisl pppian lguasme g sl )d g 6y9lid 5] ot Sty bl 0 )3 3310 51,3 Jglas Jolge s>
ool Sl plos 5 it s Al Lol Lol Wigd o a3l Uy 6i8,5b b e Jalge slyiods s pslis (o) ol
P Ngd e gl Jslae Jolge (lgisas ((asuie llds L) (63, Cliios 5 (ol Ban b liis) Jiedin dawg g liiod
) )18 (e Jelge 0505 53 (65513 (silosybx g aclil Cubil g 659l8 Sl o)l 0 00 bl Jole 93 ¢ ol slaasls (b5l )
03 b 6rsd 51 b0t bl &S oyl Inyliro ol 532y ol Blodd LA Jglao Baes ,S05 Lasls g0 4SO s
O, Cuol 485 (gle p)laz 45, 13 99999 Jloy 159 L 55l (1S 5 lulid Sl g5 J)E cuss oKl 10 99999
b sl (5955 (ol sl 038" S 1y gl olSole 99999 59 b iy, (Simlon g yllss eyl 31 (it (25 (o2
3513 )18 pow a5 5399999 150 b (Lol Bum L) anwgi g a5 pgd oSl 5 99999 5

il 5 558 Jias (oS5 Jao 3 o3l L g Sl somi st 55 > lolis slacald (saizesy 5 (pluoli Bam b il singsy
okl (imgs (ol cbadie o Jolos zlsuwl (gly Baiod a9 Olodl joye il callas cpl p3. Canl o plodl (6518 (glaSis
3529) 3 @l oy sl esil (lole Jlos bl 51 g (1 Jga2) 5052 e 2599 5 ol Jlino Jlaz ol Jolge ool 2
5l <_§)|3)J.°)-QJ. culs8” ‘LJ“"‘ sloylze lo jo 4 Lsls u’w’ 2 el A w)f oy (551 sl oo PR3t Jiesd u.uf)a
03,5 S 1y pylon 45)0.223  Jloy 59 U™ (69ld i3S g (ololid cublB My 305,18 canss ol ;5 99999 34 L )5l
529U8 39)9 &5 Canl 1S5 & U 39y 50 Jlouby wren Jolo (309" 639U I ot Slusidy CublE” &5 03,5 (asedie (izmen.
sihiope g b e lylas] laiwlss sabalool (slaesiuaw o)lge cpl 5l gibaw jd Cawl 0355 il 498 0)lgen il &



G316 oS el S 5 e ) o0l b oudia g < 55 5 aills cbeullB oo 15 95! 17

oS lgSa funlodds miamw > SIS 590 coargo (lojl i SUSLie o pae p oglle (ggbg0 cpl 355l 039y 1 luslie
Caslodd awls’ 30 NS a35b g cuaS a4l onds (8Lol loj 5 Al sa o el W

2 9 0 ABLS el endypy S8 5 &l)ld bl pre Jolse S (S plpiear 55 sl silesy b g aslil ol ol
Gk Jl & el g o alulid b o aus jol ol 5 (3333) phlSen 5 (ygoliams o)l cnl 3 .8,5 )8 pow 43,
3y9) wlyd lojl ol iy yai SBlaal 4 Sglie (wyiwd a5 5,5 b cug el ynl 4 1y bl les oo cbilodal D939 4 (g yolid
.(Sambamurth et al., 2003) c.él cud lojlo K 3 osd oy slaloyljl (B A oo 5 (6y9ld 4 IS g 4]

o) (Mao et al., 2024) xS o ] (odlaidl drwgs 1> (oo sl Lib (59l (g5l g )os 48 35 0, W(0666) ) Kan g g9l
2 Cubge (J3 (pmen 1 392 dals g5 Wy g Jaid sl ] o oS sl IS g8 S @ o s Joli i ) aulj
Jolis 41,3 ol cnslatnly (ilocs,los 2218 S50 5 355 il @ olil 4 ol doye 5 Cosd b Jsaome 4 (0 jl eyl Sl
Ity oo a4 gllol 50k dbd hlojl polis Jole ol 5145 2l (S5 mle g 039 cpgls g gl whtS
3 L8 el pileg 4y 53 5 0l ALl (Giluyls d Fhe ol el e I Se plsisa 5 )l bl 5 plulis
acd i le ol a5ul Cals] den Cuonl osimd s a5 ol Sl Joloe opl (59 Blis] a5 cuily dogi L opldgngl
Sblaz] g bl b caslito 6 )5ls clacbls pogie dSnlos] 5l anl 5 )5lid gumo B (sl calio Lald sbul ol Coan]
Wit Sl g o5l dieej ol 3 &S SLelidl b cusl (6908 oplply (DOminguez & Brown, 2004) s o 48,5 Jlas,> oSy
slie Slogoua J551 (559l 035> L by colio olod | golr (BT S g5 (slacsyslid (ol 5 ololid alox 5l gl | 2]
e lyglid Sl o iae Sl g b5l 5 el Cd iy e e e5)5lE 5Tl 5

G5 5 ool bl 5 anss a5, 15 01999 55 L 6 y5kd 5| (6l CublE” &S 315 L5 Lo (glajlins (£4145) b
(Gipaliy & 58 pasitio jlme 15 i) &5 @l ol 2 oglle ) 8 p)ler 45, 2 0333 Jloy g 1 s )sé
50 oty WIS (Ll pgus b Jol slosy 3 " g oo plosl” 5" sl 5955 (el i 5 (Sinlen g ol
Cole (olo jl oy (BT S g slacsgld Sl 9 (alolid dlax 5l 0y plonl die cul )3 Sl 5 230 SLb8I b el
al)sts Sty cpiae Gl g 2l g ol Chpl s e (55l Bl 1 e Sloyauad 56 (g5l 0je> L e o
255 )5 o3latl 390 balojls 4ilylid (Slacubl Cusi g Jlod (sly (0208 sliges lgisds Slgioe oS nl. (S

509 Bolre yjg jlme (Joleo 5 e il (Lol dgie 5 150 @l e Jlod Car i pise g1 5 gl s
il 00 plrl o3 s "o )lixo 1259 Wajlime sy Cuglyl il

bl suiailg” Jelse sl o g5 51" opgld (il o)l g aslil gaiailp” (Lol (slajlme (Joleo g cle oS gy 0
o s)skd 5l o) oy sially” ole it Joleo plgie 4 " (659080 5l patams Sl iails” 9 "ispsld (1S
gl 13l 1058 s 638,55 51 (9l (3 6o g A li) 4S5 2D o i gl . o sl ol Jlge s
)9l 5l Juols s Cupde dawgi 5 g f6yglid il )b g JUil il (i) aeby fadilp podine 5 (b > Sl
DS Sygo  Sleladl

A s lis Lo ele plgie 4 M uslio ilgld ], o Obl" o)k 1055 g alulid ClbB" (glajlanyj o ) caizeen
O 3 ab asld e Jele plgie 4" o)l Lisu gl (S " € gygld Sl (il ope bl clbB" (glajban s o
"l lno i o o b A ld o ol plyie 4" (gl il g 3B " 6)gld (gilo (65 5 asldl Sl (gl ns
oo B b Al e ble glyis 4" 6)sld s sl (B Sl eolal T T (£35S0 ) et (lidy B
sy (698 S8 Jolge ;03 IS 13U Jelge (3 yiaree I ailyglis Slo o jl esliial g (60550 (3 bl )5 ool g5
(SIPFS ] ot Sty bl (gy5ld ) gl 00 Sl 5l WSl i 4 ol glajline gy caglgl 505 (lilos
) b ljleo j gy Caglgl and (oo L5 b (Byb jlg sl (ilo (il g aslal il 5 gpglid Lin S g lolid collE
Skl ol jlene 5l) sl (598 el iy p> (Sinlan g )l o yteliyy tpgd g gl sl 45) 3l Sk s 4 polez
5 (e el ipylaz 4 (59195 | ot Sluidy Sl (Lol jlins ) dngi 5 Baio plolipgu ayi{sysld 5l sy oy
B)lasline 25 g (shol (slojlone oz 45 (2955 (op Sl 0392 (3913 51 (6133 0300 bl (ol Jline S1) 5] (swie plos
Wb (5SS ) ot (Slatdy Cubll g ag)slid js)lop oppe bl i & Jole (pytage 403 (o0 (L5 (pylez 45)
faoni )3 S o S g Sl 452 e 5 o JalSS Colin 4 85 ol obonsy 055518 51 (S0 9 5l sl e



118 1404 olls 10 o)les 3 0,95 cqalio Co ke 9 drwsgi Olalllas

S o ey s pizen - )10 (U Cpanl (659l8 dnangs A5T8 ) pwlul aix S i (65l Sl 4852 Cy e
S bly 5 Sl (Il oS 5 apituns (> dpgl 0 ol 55 1) sSUsS slacoyd b ool aylio s gl (s od (18l
Sy Sloptus. Mpd o (LI (pde odzmy Bluo )3 1y 28 2018 (it 5 03,8 sl |y (6 pSmrenal AT «(5 el
Alosd (b 4Bl Caloyed Copte Plus Jo 5l Slatdy (sl ofag gty 5 035) 55k gl Slas] oo

@b 3l ) legsl g (o Jolge cEld 53 el cordgyn <858l oleialy 5 )l gl Wlg5 oo 35 (] @l
A8l ) slacagsl g e Jelgs cn yiats comad 52 wlidie (Sl 0 5503 ol

ol (sigfy 5 (65 Slattis pasS L Jb ool boose Ll (gl o3 bl 990a8 5 o (092 (e cstmgy ol Cadgaoms (o fotes
Sy Sy Ll o5 ) 0055 gl 3 LARGSY 3,55, b il (slaciall Lol coniy] colisios (gl b b, JSuiio
il ) goh & 35 ol ()8 Shletidig. 58 0

ebolid (lojl 6)5ld dg2 50 hinly I e Sy b ad)l Glude 98 e Seidiy 16)5kd (Siluisyl 5 aslil aialy dn
Oloilo (6y9ld (siasly )] Car 5> dwgn (b Slasyglis & (alwd sl UB) (35 (8,5 )l 05 50 9 L o ailyglid Slgos
Ayl y pB 2e5

ceslite (6)9ls Sl sl piU 632y welyr ccngh aisygld (alolid (s 398 o dletidey 16)gl8 (B JS 5 (2Lolid (sutesly An
33,8 A5l anlite (539l 9 4155 plowl 8 5 il |

Capte S (slaesey 4ol 52,505, b unlite Sl (595 ol g ol el 295 oo ey 169l 51 (500 e st Sn
Al 385 plajlu 53 ()l

235 plrdl o asge y3 o (Pllol Lol g ezt dgets (5l SlUSie 29 0 gy 109l 5l ot Sty Bl
2 3990 6y9l Sguiallys Jl Cunys Sy b ad)l lpde 398 o0 dletiiy «6y9li silesyb g asltl ojg ) (giluriallys sl
SBCblin s s 5 o)lsan e (slasysld 4 alitod 13 1) Slobdl et o) 5 Sl Slgly oty ololid (olojle
Wyl a8 il yelid

cuslio (5350005 b g Sguiaw)yr 3533 Oygos (ng lacs)sld & Cunl (6)9p8 (gl SELFS 5 lulid > silwsials sl
g bl wyly (Salan Glojls glajls 5 Lilo b oS olais )l

Sl 5 13,Sag b o8 2,8 0 16Ky Slasl (S988 ol 5 ol Wl o8 355 00 Slatiiy (5918 5] ()20 e
Dy 3ie (681 (659000 U A8l guen Glojlo 13 (659l8 o e (IS

2l g il (9908 6yl el Gloj 53 (2ol WLl plonil (5 GlUSUie @Bgady (Lol ()9l ) (oot (Sl by 5

25 )8 dagi 3)90 yetue yobody

1. Ahn, S., Kim, K. S., & Lee, K. H. (2022). Technological capabilities, entrepreneurship and innovation of
technology-based start-ups: The resource-based view. Journal of Open Innovation: Technology, Market, and
Complexity, 8(3), 156. https://doi.org/10.3390/joitmc8030156

2. Arora, A., Fosfuri, A., Gambardella, A., Antonelli, C., Foray, D., Hall, B. H., & Steinmueller, W. E. (2006).
Markets for technology: "Panda’s thumbs," "Calypso policies" and other institutional considerations. In New
frontiers in the economics of innovation and new technology (pp. 323-360). Edward Elgar.

3. Baghdadi, S., Khamseh, A., & Madani, S. H. (2024). An independent technology commercialization model in
oil and gas industry: A grounded theory approach. Journal of Science and Technology Policy Management,
15(6), 1426-1454. https://doi.org/10.1108/JSTPM-11-2022-0194

4. Benassi, C. (2024). How do countries shift their export specialization? The role of technological capabilities
and industrial policy in Ireland, Spain and Sweden (1995-2018). Socio-Economic Review, 1-31.
https://doi.org/10.1093/ser/mwae002

5. Cerulli, G., & Filippetti, A. (2012). The complementary nature of technological capabilities: Measurement and
robustness  issues.  Technological  Forecasting and  Social Change, 79(5), 875-887.
https://doi.org/10.1016/j.techfore.2011.12.009

! Lean, Agility, Resilince, Green, Sustainable


https://doi.org/10.3390/joitmc8030156
https://doi.org/10.1108/JSTPM-11-2022-0194
https://doi.org/10.1093/ser/mwae002
https://doi.org/10.1016/j.techfore.2011.12.009

G316 oS el S 5 e ) o0l b oudia g < 55 5 aills cbeullB oo 15 95! 119

6. Chetri, P., Sharma, U., & llavarasan, P. V. (2021). Role of information and ICTs as determinants of farmer's
adaptive capacity to climate risk: An empirical study from Haryana, India. arXiv.
https://arxiv.org/abs/2108.09766

7. Dominguez, L., & Brown, F. (2004). Measuring technological capabilities in Mexican. Cepal Review, 83, 129
145.

8. Ferreira, B. T., de Campos, A. A,, Casati, R., Gongalves, A., Leite, M., & Ribeiro, I. (2024). Technological
capabilities and sustainability aspects of metal additive manufacturing. Progress in Additive Manufacturing,
9(6), 1737-1773. https://doi.org/10.1007/s40964-023-00482-w

9. Flores-Garcia, E., Hoon Kwak, D., Jeong, Y., & Wiktorsson, M. (2024). Machine learning in smart production
logistics: A review of technological capabilities. International Journal of Production Research, 1-35.
https://doi.org/10.1080/00207543.2024.2305630

10. Gheitarani, F., Guevara, R., Nawaser, K., & Jahanshahi, A. A. (2022). Identifying dimensions of dynamic
technological capability: A systematic review of the last two decades of research. International Journal of
Innovation and Technology Management, 19(4), 2230002. https://doi.org/10.1142/S0219877022300022

11. Hackler, D., & Saxton, G. D. (2007). The strategic use of information technology by nonprofit organizations:
Increasing capacity and untapped potential. Public Administration Review, 67(3), 474-487.
https://doi.org/10.1111/j.1540-6210.2007.00730.x

12.Hsu, C. F., Li, R. K., Kang, H. Y., & Lee, A. H. (2014). A systematic evaluation model for solar cell
technologies. Mathematical Problems in Engineering, 2014, 542351. https://doi.org/10.1155/2014/542351

13.Jackson, D. L., Voth, J., & Frey, M. P. (2013). A note on sample size and solution propriety for confirmatory
factor analytic models. Structural Equation Modeling: A Multidisciplinary Journal, 20(1), 86-97.
https://doi.org/10.1080/10705511.2013.742388

14.Kim, Y. C., Kotha, R., & Rhee, M. (2024). Do firms with technological capabilities rush in? Evidence from
the timing of licensing of Stanford inventions. Journal of Business Research, 178, 114679.
https://doi.org/10.1016/j.jbusres.2024.114679

15. Lepore, D., Vecciolini, C., Micozzi, A., & Spigarelli, F. (2023). Developing technological capabilities for
Industry 4.0 adoption: An analysis of the role of inbound open innovation in small and mediumisized
enterprises. Creativity and Innovation Management, 32(2), 249-265. https://doi.org/10.1111/caim.12583

16.Mao, H., Liu, S., Zhang, J., & Deng, Z. (2016). Information technology resource, knowledge management
capability, and competitive advantage: The moderating role of resource commitment. International Journal of
Information Management, 36(6), 1062—1074. https://doi.org/10.1016/j.ijinfomgt.2016.07.007

17. Metzker, Z., & Jemberu, E. T. (2025). The impact of technological capabilities on organizational performance
and attractiveness for FDI. In Technology and society: Boon or bane? (p. 123). Springer.

18. Miller, R. J., Lowry, A., & Bowie, J. T. (2023). TechPort—-NASA’s portfolio management approach to space
technology investment planning, integration, and outreach. In ASCEND 2023 (p. 4713). AlIAA.
https://doi.org/10.2514/6.2023-4713

19. Saaty, T. L. (1996). Decisions with the analytic network process (ANP). In Proceedings of the ISAHP (pp. 1-
34). University of Pittsburgh.

20.Sambamurthy, V., Bharadwaj, A., & Grover, V. (2003). Shaping agility through digital options:
Reconceptualizing the role of information technology in contemporary firms. MIS Quarterly, 27(2), 237-263.
https://doi.org/10.2307/30036530

21.Sang, M. K., & Edabu, P. (2023). Influence of planning on integration of information communication
technology in instructional process in public secondary schools in Nandi-East Sub-County, Kenya. African
Journal of Education, Science and Technology, 7(3), 489-495.

22.Villalba, P., Snchez-Garrido, A. J., & Yepes, V. (2024). A review of multi-criteria decision-making methods
for building assessment, selection, and retrofit. Journal of Civil Engineering and Management, 30(5), 465—
480. https://doi.org/10.3846/jcem.2024.20631

23.Valdez-Juérez, L. E., & Castillo-Vergara, M. (2021). Technological capabilities, open innovation, and eco-
innovation: Dynamic capabilities to increase corporate performance of SMEs. Journal of Open Innovation:
Technology, Market, and Complexity, 7(1), 8. https://doi.org/10.3390/joitmc7010008

24.Zhang, Y., Meng, Q., & Liu, D. (2024). Venture capital and technology commercialization: Evidence from
China. The Journal of Technology Transfer, 1-53. https://doi.org/10.1007/s10961-024-09988-y



https://arxiv.org/abs/2108.09766
https://doi.org/10.1007/s40964-023-00482-w
https://doi.org/10.1080/00207543.2024.2305630
https://doi.org/10.1142/S0219877022300022
https://doi.org/10.1111/j.1540-6210.2007.00730.x
https://doi.org/10.1155/2014/542351
https://doi.org/10.1080/10705511.2013.742388
https://doi.org/10.1016/j.jbusres.2024.114679
https://doi.org/10.1111/caim.12583
https://doi.org/10.1016/j.ijinfomgt.2016.07.007
https://doi.org/10.2514/6.2023-4713
https://doi.org/10.2307/30036530
https://doi.org/10.3846/jcem.2024.20631
https://doi.org/10.3390/joitmc7010008
https://doi.org/10.1007/s10961-024-09988-y

120 1404 Obisls 10 o)l 3 0)9d sé’lm Cu o g drmwgd Ol e




