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HIGHLIGHTS

GRAPHICAL ABSTRACT

e Technologies with higher scalability
demonstrate greater implementation
success under crisis conditions.

e Internet of Things (10T) demonstrated
the highest adoption rate.

e The proposed model predicts smart
technology implementation success
under crisis conditions with 89.2%
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Small and medium enterprises (SMEs) encounter significant challenges in
digital transformation during various crises, including economic shocks and
supply chain disruptions. This research develops an integrated sustainability
and resilience model for smart technology implementation in SMEs under
crisis conditions. The methodology employs an innovative combination of
Real Options Theory (ROT) with Deep Reinforcement Learning (DRL)
algorithms. Through an exploratory-analytical study, data from 85 small
enterprises were collected and analyzed. Fifteen key criteria affecting the
sustainability and resilience of smart technology implementation were
identified and categorized into organizational factors, technological
characteristics, and environmental factors. Structural equation modeling
was utilized to analyze relationships between these criteria and mediating
variables of technology absorption capacity and change management
capability. Real options modeling was conducted using the binomial tree
method, followed by the development of a reinforcement learning model to
optimize smart technology implementation strategies. Results demonstrate
that smart technologies with high scalability, adaptability, and operational
efficiency exhibit greater implementation success during crisis conditions,
with Internet of Things achieving the highest adoption rate among
examined technologies. The proposed model predicts smart technology
implementation success under crisis conditions with 89.2% accuracy. This
research provides a decision support system enabling enterprise managers to
formulate sustainable and resilient strategies for smart technology
implementation under severe uncertainty conditions.
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1. Introduction

Small and medium enterprises (SMEs) are
important economic movers in both developed and
developing economies, contributing significantly to
employment, innovation, and economic growth.
These firms are, however, very vulnerable to crisis
scenarios, including economic recessions, pandemic
outbreaks, supply chain disruptions, and market
volatility. The COVID-19 pandemic, in particular,
demonstrated the vulnerability of SMEs to
exogenous shocks and highlighted the digital
transformation as a resilience strategy.

New smart technologies like Internet of Things
(loT), artificial intelligence (Al), cloud computing,
blockchain, augmented/virtual reality (AR/VR), and
big data analytics have immense potential in
enhancing SME operational competences and
business models. In spite of this potential,
technology adoption under crisis conditions has its
unique challenges, with failure rates exceeding 80%
due to the absence of feasible and sustainable
implementation strategies.

While previous research has extensively explored
technology  adoption in  stable  business
environments, it leaves a significant knowledge gap
on how SMEs can adopt smart technologies in a
sustainable and resilient way during crisis
situations. To address this gap, this research
develops a composite model that combines
sustainability (the dynamic of maintaining
continued and effective technology use) with
resilience (the ability to adapt, modify, or abandon
technologies in response to environmental
discontinuities) (Alkhodair & Alkhudhayr, 2025;
Awad & Martin-Rojas, 2024; Durst & Henschel,
2021; Gregurec et al.,, 2021; Guo et al., 2020;
Kannan & Gambetta, 2023; Kariovska & Bumberova,
2021; Khurana et al., 2022; Klein & Todesco, 2021;
Matarazzo et al., 2021; Mick et al., 2024; Sagala &
Ori, 2025; Valenza & Damiano, 2025; Zamani,
2022).

2. Methodology

The theoretical foundation of this study integrates
two synergistic theories: Real Options Theory (ROT)
and Deep Reinforcement Learning (DRL).

Real Options Theory presents some analytical
frameworks to evaluate and manage investments
under uncertainty. Unlike traditional investment
appraisal techniques (e.g., Net Present Value), ROT
values the flexibility of decision-making for
managers, which allows organizations to modify
their strategy in response to environmental
changes. In technology management, ROT helps in
identifying and estimating various implementation

options, including deferral options (postponing
investment), staging options (investing in stages),
scaling options (altering implementation size), and
abandonment options (abandoning unsuccessful
implementations).

Deep Reinforcement Learning combines deep
neural networks and reinforcement learning to
enable learning of optimal policies in dynamic
environments that have large state spaces. In DRL,
an agent learns through interactions with the
environment and receives rewards or penalties that
guide its actions. The approach is very suitable to
model complex decisions under uncertain
environments as it enables strategy optimization
adaptively based on the dynamics in the
environment.

By integrating these approaches, our model
captures both the value of flexibility in technology
investment decisions (through ROT) and the ability
to optimize investment strategies in uncertain,
dynamic environments (through DRL).

This research employed a multi-stage mixed-
methods design:

1. Conceptual Framework Development:
Based on extensive literature review, we
developed a conceptual framework
identifying factors affecting sustainability
and resilience in smart technology
adoption. The framework categorized
factors into organizational dimensions
(digital readiness, strategic alignment,
organizational culture, required skills,
implementation cost), technological
characteristics (adaptability, scalability,
operational efficiency, technical support,
reliability), and environmental factors
(competitive pressure, government
support, supply chain integration, market
dynamics, regulatory requirements).

2. Quantitative Data Collection: Data were
collected from 85 SMEs across seven
industries (manufacturing, food
processing, apparel, electronics, chemical,
metals, and pharmaceutical) through
structured guestionnaires. These
enterprises had implemented at least one
smart technology during crisis conditions
(defined as periods of significant market
volatility, supply chain disruption, or
operational constraints).

3. Structural Equation Modeling: We used
structural equation modeling to investigate
relations between ascertained factors and
two mediating variables: technology
absorption capacity and change

¥ o)Lo.& 10 0,9% ¥ &JL“’/G)5°I‘Q’35WG‘“W



Namdarzadegan & Bozorgi-Amiri

v

management capability. The analysis
enabled the identification of direct and
indirect effects on implementation
success.

Real Options Modeling: Using the binomial
tree method, we modeled four
implementation options: deferral, staging,
scaling, and abandonment. The modeling
took into account implementation costs,
anticipated benefits, and volatility under
crisis conditions.

Deep Reinforcement Learning Model
Development: A DRL model was built with
the Proximal Policy Optimization algorithm
to optimize technology implementation
plans under different crisis situations. The
model was trained on past implementation
data and artificial crisis situations.

Model Validation: The combined model
was validated with out-of-sample data
from 15 SMEs that have implemented
smart technologies in recent crisis times.

3. Results and discussion

Our results unveil some important insights:

1.

Critical Success Factors: Among
organizational factors, strategic alignment
(B=0.72, p<0.001) and digital readiness
(B=0.68, p<0.001) had strongest influence
on implementation success. Among
technological characteristics, scalability
(B=0.75, p<0.001), adaptability (B=0.71,
p<0.001), and operational efficiency
(B=0.69, p<0.001) were most salient.
Technology Adoption Trends: Internet of
Things had the largest cumulative adoption
rate (55%), followed by cloud computing
(44%), big data analytics (36%), artificial
intelligence  (33%), augmented/virtual
reality (24%), and blockchain (17%). The
levels of adoption varied by industry, with
manufacturing having the largest loT
adoption (70%) and agriculture having the
lowest (40%).

Implementation Functions: Technology
implementation varied significantly across
organizational functions, with
operations/production recording  the

highest implementation levels
(approximately 75% in auto
manufacturing), followed by
sales/marketing, supply chain, human
resources, and R&D.

Mediating Variables: Technology
absorption capacity and change

¥ oo /O 090 NFeF JL‘“/£5)3°)Q45W@W

management capability significantly
mediated the relationship  between
organizational/technological factors and
implementation success (indirect
effect=0.43, p<0.01).

Real Options Value: The real options
approach discovered tremendous value in
implementation flexibility during crisis
conditions, with scaling options providing
the highest value (27% more than
traditional NPV), followed by staging
options (21% more) and deferral options
(16% more).

DRL Model Performance: The DRL model
was 89.2% accurate in predicting
implementation success under different
crisis conditions, outperforming traditional
decision models (75.3% accurate) and
single-approach models (ROT: 81.5%,
regression models: 79.8%).

This research has several theoretical and practical
implications:

This integration of sustainability and

resilience concepts represents a novel conceptual
framework to understand technology adoption
under the crisis context.

The combination of ROT and DRL
represents a methodological
improvement in decision-making
modeling under uncertainty in

complicated scenarios.
The identification of mediating variables

(technology absorption capacity and
change management capacity)
complements existing technology
adoption  models by highlighting

organizational learning processes.

SMEs should prioritize high scalability,
flexibility, and efficiency of operations
technologies during crisis conditions.
Implementation plans should incorporate
flexibility options, particularly scaling
options that allow the scope of
implementation to be modified according
to changing conditions.

Technology absorption capacity and
change management capability must be
developed by organizations as important
organizational competencies for
sustainable and resilient technology
implementation.

The decision support system developed in
this research provides SME managers
with a practical tool for evaluating and
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optimizing technology implementation
strategies under uncertainty.

4. Conclusion

This research closes a significant knowledge gap in
understanding how SMEs can deploy smart
technologies in a sustainable and resilient way
during crisis situations. By integrating ROT and DRL
approaches, we developed a model that
successfully predicts implementation success and
provides practical assistance in the governance of
technology investments under uncertainty. Future
research needs to resolve the long-term effect of
crisis-driven technology adoption on organizational
performance, investigate industry-specific
implementation patterns, and extend the model to
emerging technologies and crisis situations. In
addition, comparative research across various
economic settings would allow a more nuanced
comprehension of how institutional environments
influence sustainable and resilient technology
adoption in SMEs. In short, with SMEs continuing to
face increasing environmental turbulence and
technological disruption, the ability to implement
smart technologies in a sustainable and resilient
way will be a final source of competitive advantage
and long-term sustainability.

Funding
This research received no external funding.
Author contributions

All authors have had equal roles and contributions
to the article.

Conflicts of interest

There are no conflicts of interest associated with
this research.

Acknowledgments

We are grateful to all colleagues who provided
insights and expertise that greatly assisted this
research. We also thank the anonymous reviewers
for their valuable suggestions to improve the paper.

References

Alkhodair, M., & Alkhudhayr, H. (2025). Harnessing
Industry 4.0 for SMEs: Advancing smart
manufacturing and logistics for sustainable
supply chains. Sustainability, 17(3), Article
813. https://doi.org/10.3390/su17030813

Awad, J. A, & Martin-Rojas, R. (2024). Digital
transformation influence on organisational
resilience through organisational learning and

innovation. Journal of Innovation and
Entrepreneurship, 13(1), Article 69.
https://doi.org/10.1186/s13731-024-00405-4
Durst, S., & Henschel, T. (2021). COVID-19 as an
accelerator for developing stronger
businesses? Insights from Estonian small
firms. Journal of the International Council for

Small Business, 2(1), 1-29.
https://doi.org/10.1080/26437015.2020.1859
935

Gregurec, l., Tomici¢ Furjan, M., & Tomici¢-Pupek,
K. (2021). The impact of COVID-19 on
sustainable business models in  SMEs.
Sustainability, 13(3), Article 1098.
https://doi.org/10.3390/su13031098

Guo, H., Yang, Z,, Huang, R., & Guo, A. (2020). The
digitalization and public crisis responses of
small and medium enterprises: Implications
from a COVID-19 survey. Frontiers of Business
Research in  China, 14, Article 19.
https://doi.org/10.1186/s11782-020-00087-1

Kannan, S., & Gambetta, N. (2023). Technology-
driven sustainability in small and medium-
sized enterprises: A systematic literature
review. Journal of Small Business Strategy,
33(3), 1-28.
https://doi.org/10.53703/001¢.126636

Kanovska, L., & Bumberova, V. (2021). The
differences in the propensity of providing
smart services by SMEs from the electrical
engineering industry with regard to their
cooperation and innovation flexibility.
Sustainability, 13(9), Article 5008.
https://doi.org/10.3390/su13095008

Khurana, I., Dutta, D. K., & Ghura, A. S. (2022). SMEs
and digital transformation during a crisis: The
emergence of resilience as a second-order
dynamic capability in an entrepreneurial
ecosystem. Journal of Business Research, 150,
623-641.
https://doi.org/10.1016/j.jbusres.2022.06.048

Klein, V. B., & Todesco, J. L. (2021). COVID-19 crisis
and SMEs responses: The role of digital
transformation. Knowledge and Process
Management, 28(2), 117-133.
https://doi.org/10.1002/kpm.1660

Matarazzo, M., Penco, L., Profumo, G., & Quaglia, R.
(2021). Digital transformation and customer
value creation in Made in Italy SMEs: A
dynamic capabilities perspective. Journal of
Business Research, 123, 642-656.
https://doi.org/10.1016/j.jbusres.2020.10.033

¥ o,lods /O 090 VFeF JL‘“/&.Q)5°)@9W@“W


https://doi.org/10.3390/su17030813
https://doi.org/10.1186/s13731-024-00394-z
https://doi.org/10.1080/26437015.2020.1859935
https://doi.org/10.1080/26437015.2020.1859935
https://doi.org/10.3390/su13031098
https://doi.org/10.1186/s11782-020-00087-1
https://doi.org/10.53703/001c.126636
https://doi.org/10.3390/su13095008
https://doi.org/10.1016/j.jbusres.2022.06.048
https://doi.org/10.1002/kpm.1660
https://doi.org/10.1016/j.jbusres.2020.10.033

Namdarzadegan & Bozorgi-Amiri

F4

Mick, M. M. A. P., Kovaleski, J. L., & Chiroli, D. M. D.
G. (2024). Sustainable digital transformation
roadmaps for SMEs: A systematic literature
review. Sustainability, 16(19), Article 8551.
https://doi.org/10.3390/su16198551

Sagala, G. H., & Ori, D. (2025). Exploring digital
transformation strategy to achieve SMEs
resilience and antifragility: A systematic
literature review. Journal of Small Business &

Entrepreneurship, 37(3), 495-524,
https://doi.org/10.1080/08276331.2024.2392
080

Valenza, G., & Damiano, R. (2025). Enacting
resilience in small and medium enterprises
following the sustainability path: A systematic
literature review. Strategic Change, 34(2),
237-252. https://doi.org/10.1002/jsc.2608

Zamani, S. Z. (2022). Small and medium enterprises
(SMEs) facing an evolving technological era: A
systematic literature review on the adoption
of technologies in SMEs. European Journal of
Innovation Management, 25(6), 735-757.
https://doi.org/10.1108/EJIM-07-2021-0360

¥ oo /O 090 NFeF Ju/6)3°)@5www


https://doi.org/10.3390/su16198551
https://doi.org/10.1080/08276331.2024.2392080
https://doi.org/10.1080/08276331.2024.2392080
https://doi.org/10.1002/jsc.2608
https://doi.org/10.1108/EJIM-07-2021-0360

OCIETY

>

w
IRAN LOGESTICS
Uhabsuualyaxsl

(S99 32 9 oo (gwdife 4 o

DOI:10.22034/sep.2025.2064025.1337

FA-FO asio /¥ o )Loi 10 0,55 INF+F Lo /5 )50 e 3 poiomems (smiiden

NG
@

-J,Jy.‘;l,);{'ﬁy :,..'-/

39 wlio (5 jluciodigb (59l (5 jlwodly (519 (5 piudllanil g (gL (S 3 Joo drwgi

2 Bl o Cod bugio g S o ol

#Y & .. \ €A :
ol (S e I Bl Hlel (e
Oyl el ool a5 olEils 5l Lo cmalio waige 00Sizils (6 S8 gyl
Ol ol el oKils ¢ 8 (B aSiils cmlivn cwdige 0aSlisls lezsls

wa)g

S35 oS

Spdobde CllB a5 olag,gls e
Skl o Wl g
oL ilwosky )0 (gt Cuddse
.Mb‘so

Sordy Ol oYL eldl copsl e
cbls |y el o

Codbye TAAY s b solitny Jos @
Gilusiadsn glag,sld (glwesly

WS o i |y S bl o

lizo aoluo g1y L oLy )0 (glwaialian glagg 0l i 113y oyl e
WLl O ey bl B esiae se Bloosls (IS Ll B lmelosg il condly B oSS
80 -

40

(1) oo 13 ol o

20

by yﬁ o7 i 3 ) v b ;’},

3

A
Ty

Ao wlasine

PRV

:llio azms U
293 4lis £y

AR 7R 7R gt I
VECFEYY i S5k
VECEONY by
VECFONY a4l

s oty
alibozorgi@ut.ac.ir

HEYS{PRWI)

Luge g Sog8 slaolKs
Silwdiedisn slags,qlid
&b

& Slas]

SR B 5 S0k

olaidl slaS el ygzmen ilixe sloyl 2w oly90 ;0 (SME) lawsin 9 S5 slaolly
ol Wghion a2lse 093 Jlusms Jo 53 suz slaglly b el 0y WS
sla,gld siluesly slp spddlhasl s Gl (oS5 Jae S dnag @ agh
iy il Sl lld ot bagie 5 SasS sl o silusiedise
5ok slapm,sSl b ROT) (oly sloasy 35 )5 ailyslyh Sy Julis sy (o
o AD sloosls o Llowim 3LaxS] aalllas Sy B Lo ool (DRL) s Goas
Grdydlasl 5 )l p Fie oS Jlae VO ad Ll 5 spslaer SzsS
Jolse aiws a0 a5 ws pluls oKy o gileaiadsr slag,sld (gjluwosly
Sl eolaal bwiad ganasds aoe Jelse 5 gl slo Sy slejle
e cod b mle loyaie 5 byl ol G dlly (g sl SYolee (g5l Joe
o9y b (18l slaan S ila e 28,5 )8 Jelod 3550 entd S e ShB g (5,5l
Sl ilodnr $lr (e T Jde Ko G S plxl laloz g oS0
Sl sld wes o i s 8L anwy (gilediedsr  slag,sld  (giluosly
Yo Gllee oL 5 YU (53l CoblB b (s pdy b CoblB oS (55luoiedsn
ol e a5 aes e las oy (o (giluesly jo (gt Cuddse Sl Lalyd je wsjls
e cdls 1y Bl Glime (o3 VL elid] S5 500 (o) 2990 Slacs sl G Sl oS
Gilwdiadisn sos,slid (giluosly Cuddse i 4 0B TAY Cds b goloiiy
oolS (o 4y qeuenas ol

3 e S LI L gl b ol Gl Laulpd s
o ysls  giluooly 6l piyolhasl 5 lal clagliud b owS e SoS

Aisled (gad Wl Codad pae byl il o (gileaiedse

om0 ales g byl i o Ol5T e yrnd b dllie S ol Sl ol&ils Jasgi oo piiie i s Yo YE ©/YOYA-Y 140

.Cewl Creative Commons Attribution (CC BY 4.0)



https://creativecommons.org/licenses/by/4.0/deed.fa
https://creativecommons.org/licenses/by/4.0/deed.fa
https://systems.eyc.ac.ir/
https://doi.org/10.22034/sep.2025.2064025.1337
https://orcid.org/0000-0003-1628-3941
https://orcid.org/0000-0002-1180-9572

S0l S g oBl,luel )
ol (Kannan & Gambetta, 2023) (5,0ld o o doddo —)

Silode sy Wl oo 65 9)Sug; 90 AT G
Conhd soe byl cow 5,58 gilwenly Dlepeuas
xSl g (Hly bhan T (e il sde Wl
0395 5| Lol aS o uBly sl 5 (6955 (gl (Beas
Slp el oppde oszly @S olu Jl
pold Lol Caabd sae Lulid Cow (658 peenal
G885 ol (Kafovskd & Bumberovd, 2021) wiS o
WBov Ol s gpiydlasl IS Bl
bl 0 1) e lSal,w S5 L s (hys
B S5k R G Gl Sl pald e
P SNy, (Al 5l o plpedr Suel
Sloedd Gilodige g ilwdre Cobl (egtan
Syl 1) redaal g Ly ke o oo
4 Sl Gldlas wezg0pll (Matarazzo et al., 2021)
Sloewal  giludoe @l 0,505, 90 () oS H
Bas (Melo et al,, 2023) wlaizls y (5,0ld (g 5lwosly
Gl b oS Conl (oS 5 (Jae dngs (haghy cnl Gl
L sl Gees 550l g (Al slan T (5,08
Sl b oS S hwgle 5 Szs5 sleoll
slosysld ileosky lp gadiSlasl 5k
iled (2o Sl Iulyd )0 (gileaietige
Slalobe g ol solas! Slaal
5 &l e godS Jalse ol ()
Sl—s,5ld (s3—wosly (5 iyl
bvgle 5 SzsS laolly jo (gilunialise
S bulps cos
S35 e 2ol Joe S an gy (V
Say;F (0S50 le (8ly slean S
Sk (s slwosly i
GrSoby el S slwesky 5 (b (Y
Slose—as (g3lmtine Sl (S8 Gooe
Conbad pas Lalyl o (5 0l8 (g5lesly
Sl oS5 Joe S (e el g anng (F
slas,skd gilwosly ¢l s pdySlhasl
§5lwdiedisn
S90S pemal Gl e SO (b (O
5 S5 sleolln (o 4 S8 (sl

fe)mea/A o)sé/\f‘f JL‘”/&S)5°}QJ.$M"&5‘”W

Wyl S e seige Olpiedy bwgie 5 SasS slealy
5 Wedee ALS Jlar puliw 50 Gyl 5 golal
st e 1555 1, ol slo S 3120 5 i
ol (Jeepl bo(Alkhodair & Alkhudhayr, 2025)
N-0955 oS den wile Sl yli o belSs
Ol pdd g el 0 emy SYMS (solaidl slag 20
Wi S5 oS Sl Sl Ok SLSU
o sl iy)58 3ub (Awad & Martin-Rojas, 2024)
sleyeaS (o hugie g S35 sloolKy 5l /Y. squs
5ealS b VA-0geS (S den )90 0 dswgi by
W a>lge YA Jslo Sl o

.(Dwivedi et al., 2022)
Gilwaioaiisn slas,glid (g5lwosly ‘(5’4:.“)....; RTEC g
6&0&4 LS“')b) U‘ﬁ" 9 6)a..\.u_9[.b_u‘ U’““"‘)S‘ Le ..\;‘5.:‘5‘0
(Gregurec et al, 2021) &S5 S5 lawgio 9 S5
e Gigp bl Cipn) b dag sl o
Josly «s3lmelo3g 8l Casdly 5 (O s 2l L))
5 Lanl sjleatg wlysls g Gl Jos obxl
S D Slojle S ol58
s ol (Jcplh (Kannan & Gambetta, 2025)
Codad pac 5 gl bylyd o bas,glid ol (g5lwosly
Oy Slallae ojls 1) 095wl sl wll> gl
6)1..»0\)[...: 6&0)5); S C).a as AQ&GA QLAM)
bgio 5 Szs8 Glaoln ;o giludiadon slags sk
Seyee Al G e Gl s e
olaad sl Lab boee a5 (Guo et al, 2020)
P ssba (Sl Glaiagh Eeoge Soal ol
Sl bald 5o ileasedon 5l siluesky
30 6y9bd bl aey jo (L Dlalllas Lailos )57 35 o5
il sloacs 5 boee Lawgie 5 SsS slaolks
Silwesly laSius ) «(5)3d CLl sl )las (9zeon
St oedle xSl slapn, S 5l eolinal
Gilwdae a0 azd BB A Ll Lalesss
2Ly Sl lulh o 6,98 ilwesly Dleoas
O)ls d9zy g pdySlasil 5 (g )luly lojer (8,5 L
055> ;0 >l Slallas. (Kannan & Gambetta, 2025)



oy o bwgio 9 S g5 (SBely ;0 awlivo (g ilwainlign (5,9Ld (gilwosly (gl p (g pduBlaxil g g ol (S 5 Jow amwgi

byl o cpien Olalllas siing (Jepll aisls Hige
6 yeS 5 whadalyl S sewS lme s ol
ailos,S azgi Jlow yls o 6,0l (gilwesly
pae o glyeu layll yo (Petropoulou et al, 2024)
WDgd g0 WAL b Codgaste (b oo ialiEl Coalad
Mick ol oo (M5! 6 S e sl Sloj sl )Lad
(Sl o as ol lis Sldlae (et al, 2024
Sl dnwgs il Lugie 5 g8 (slaolS
ol 4 5o jsba aulyn B aies g a0 sbig
Giyilhnl a5 aiS e Yol bap] aies gl
4 a5 Cal pgd ade by clbl S Jlisus
Lilpd o b asS oo SeS hugie 5 Sos5 slaols
Wil xly 4 e s W o4 e ol
as ole lid (6,50 aslls (Matarazzo et al, 2021)
sl S Ll o Lugie 5 S8 (slalS
S ates Jluzms Joo0 slp piy Sl slas sl

S wald 1) s @ e Ol b6 55l G
.(Kannan & Gambetta, 2025)

Siwesly yo spadlasl g gyl -Y-Y
Sk

Copde 5 Gl porie 95 pddllasl 5 g lul
Ul 4 Glul e gpks sla Sl
Ol pass o8 ule (650l8 5l oolanul anlsl ¢ Laas o o5
2l 4 iyl a5 Jlo o wo)ls oyl lae
@ gl 5o spald RS LS (o b oo s
(Guo et al, 2020) &S o o)lil Jaore Ol
Lol S8 oS 4 Wilgh oo (Shg 90 opl oS 5
Lo b Bl QUly mo 5 Sl oo (Sl Lulyd

sl sl 1) wos
Olyeas " Jlums (Fausioly 5 s pdSlasl porie
ol 5l @bl (Jlems slaSsd pln 5o oo Ul
S50 e Jlzms Gysle @b 5l S g
a o) Kingsy opl (Alkhodair & Alkhudhayr, 2025)
(V) iss glols Jlezms g pdydlasl gy an
eSS pe SieblE (V) (s ské iz glac Ll
2w (6,50 aallln oot (55l Sl (1)
bogie § SzsS Glaolly o iyl a5 590

S bl o luatedse
Sl Wl e Ghagh ol ol slasglss

a8l b (28ly laan 35 6,95 <S5 ()
Gilwdoe  Glp sl e S0l
&9 s 5lweoly Slosouas

Sl 2bs)) Glp el oyl SO anwg (Y
sl gilwesly s pdyilhsl
Sl o luatedse

Sly ee pread iy gt G I (Y
30 Lwgio g S5 solly ol pae 4 SaS
S oS (28ly Lol

o9y Oludl w5 900 Y
30 QSJL““MS'“ 6Lb6)5L25 Ls)’LwoéL;u; -y
bengio § Srgf slaolSy

S Gleoyd asgerme wgiluniadgn slag,sld
a ]y ool a5 wisdipe Jolts 1) j5pbss slags,5ld
ol S s Jow (65 el gl aieud )l Sl
ol msran s Lot ol el lags,5ld
O Jelos 5 slmelodgzdl Coddly (e« !
i old ol (Mick et al, 2024) aigd oo osls
sladse 5 Sllee slagty; o alal Joou Jonilsy
b lo 1) bugie 5 SasS slaelln B g
3 &5 ooy (Durst & Henschel, 2021) Olalllas
Olge 5 el (g IS ale s Sl slagsy5ld
@ S G sl 38bee Vs (5T ae
oy & godxin Oldlas ailaily 0 Ll

syl slwesky 5 il » Fhe (s
BlazS sy Lasgie 5 SasS sloolSh o (55looiasdsn
Jo=s ol, 4t sy ael> o9 )l> (Zamani, 2022)
2is )5 &l lawgie g S>gS sloolly jo Jlal iz
SpSeon 3 1) Sheme g alsld (Slosle Julge a5
aile)  glojlw Jelge (Valenza & Damiano, 2025)
Jolge (8 by g (Jbo mlo )l g poe Coles
5 (o Cuje g S o6,k aile) alplid
1 (g coles g (1B liad wile) ae Jalge
bgie 5 Sas8 laolly )5 (g slag,sld Brdy

fo)Lmﬁ/Q e”o/\f'f Jb»/é)somsw‘sww



Sl i3 g oSl ylaels

oy

Sedge 485 IS 4 (5,08 slas IS ale s Llo
S50 40 ;500 lasllas o (Matarazzo et al., 2021)
bogie 5 SzsS Golln )3 jemeis,luly slacs sk
My sban ;T 0S5, 5l colaul a5 al esly L
L oo e GlacSns, b ous SaS leolSy () 4 wilgs oo
WS Copae ) wax slagyld o ISl
ooyl Wlg e 9,50, (pl ((Melo et al, 2023)
sobas 1) (6,8 (gilwosly Slegonal ;o (5 pdscillas!
Gk (2l (e Slaghy) 4 S 5 S5

A5 Al (Lalls e85l asile)
clan T 5,05 3l eolaiul a5 ol asdlae SO o
0, Slos dgups 4 Wilgi co Wb Conlad pae L slolass
(Zamani, 2022) 348 yxie Jawgie 5 S>oS sbrolSs
G955 s 3w (Ori et al, 2024) Ko glasdlas o
Jlezms Jooo oly ands (b o ) (odly slaasy ;S
5 W35 (owyp biwgie 5 SasS sleelly ol
WS SeS Glpae 4 wilgy co 0,50, ol a5 Wl i
oK, ST 5l slas S, T L b
55 Shlye dg2gl A Cupae |y 6yl5 b o e
2lpe 5 2oy b ooy, ol ¢ (Bly laan S
Silbwdae jo Slasbre (Sauzn (Lol il ol
wile byl (S wieils (Al slaany S (505

Copde 50 (el Gaes g0l -F-Y
Sk

Ordle x50kl el So (Shsds Beee 650k
o2 bl Gee 5500 Py CrSol a5 el
e U ol b o fole ‘Y9, Q—.’.‘ 5 .A;SGA S )
e o WS o bl sk s 55
MM&L»MJWQJAJ‘SISM
Lhéf‘]w‘ 6)5Qla 9 o..\...?v...: 6Lbo\)b U’““)bf 6‘)4
GoSol ol aS cil Gree mas slasl
slad by by sy lobze 1o 4y slacubn

fe)mea/A o)sé/\f‘f JL”/6)5°}QJ.$M"&5‘”W

Sopde 5 Syald syl (s Bl Sl (oS 5 el
dwe) 4o (Awad & Martin-Rojas, 2024) el S,
bole mn R adlas spsks silwesly )k
@ Jolse opl o Slas 2b3,1 ) 5 s yudd Cupoe
@ shore sl w8 de U oS o0 SaS eolSy
aall wax slag,ald 5l rsu Sl g ke oolatl
olis 09> (6,50 addllas ;o (Guo et al, 2020) wuso
S8 ey jo g pdyBlasil 5 (5 ol a5 ol oals
Sl o5 Cenl amaninr 69,505, pikiee bawgle
08 oop o |y daowecan; g slex! (goladl
Sldlas (plog>gl (Kannan & Gambetta, 2025)
Silodse die; 50 P JE SIS e i)
Silwosly 0 spdySlbnl 5 glub (eSS
(S bulph 0 ohst (sileaiadsn slacs sl

Bl 092

Copdo 0 (ABly bayiS g9 V-

a9l
Jbo SrSpeal 0oz )lr S (Al slaan S 695
0l Jb gloansS ealie o5 col Suplidl
S (Jlaed) gl sl slocan i 5 ol
2 Rrse griySlhasl 851 6595 (nl e o
Sy95 Sl oo Comy A Coabad poe Lol
5 il sl el 0%, S (olly slean S
aS Conl Codad pae bl o aglaS ke juo o e
Sl 488 ol Jb glean S eealie
30 G pdlasil (6,955 pl (Klein & Todesco, 2021)

OBl (lpoe a9 S co (I8 05,0 1) (6 S penal
Iy 955 Slogenai ¢ e Olyad 4y 13Ty j0 w20 o0
S5l alole mly 8ly an3S g9 mu WS o
(8 ao o ilal L3b 4 D) Gigw auS
‘(‘57_:1)..\3 ‘5)‘..0\54.1[4]...; Q&A‘) Qa; 6‘4—1}]A 4...:;
(I8 ke yuo s s ) (5 200 polisio 438
zar 4235 9 (08 b Cha e (D) s 43S
Copde 039> ;0 (6,08l p lAS LS )

Slp Gloaslis jsbay (ABly slad 5 (5,055 (5,58



N g o g 9 S g5 SBely ;0 el (g lwanlign (5,9Ld (gilwosly (gl p (g pduBlaxil g g lauly (S 5 Jow anwgi

>y ezl SOy s g0l S

(Valenza & Damiano, 2025) &lazsls

Bros S50k g Ml slhan S gy @
slp ol deily e Sy (SosE
pas bald 0 sz Oleeal (g3lw e
ol eSSl Oldlas Ll s jls colad
GRSl 5 (Hls slban T 5,85 ailslys
9 ol eSS Joe S0 Suel Gres
LAls cpl 59,5 4 (il
90, bl (oS5 Joo cpl ojloy
Sran;S ()98 WS e S5 ) 0,50,
@l gloanF (o 108 us,l el 28ly
aS J> 0 S o m2ly8 1 (69l (g5lwonly
Gilwtinge OBl (sl Gees 6 pS0b
L_’ 9 Lsy Lthbia.:&r.c o Lg)'LuoaL:% LthbLg'/';‘{‘JS.w‘
L ocomizma 5lo oo @23 1) YU Conlad sue
9 u_{.‘>55 oli:.‘: AD )1 (5’3‘5 6Lmo\>b )‘ oolaw!
Sy addllas opl walize Coin Vo lawgie
5 Sk » S e 5l siel
6}@0&[,,.;

sl ,5ks S iy Slasl

TR Y P | ] JE TR =y SO S| VR CONWIY-

DR Sl 9 g (ogddo Loyl -

=5 5 Jae SO drwg Baal g ool g0 wlel
2 ORReh (eathe szl (g pddlhasl 5 g lal
3 pe Jelse cogz il cpl .l sadosls las ) IS
ssysld Gileesly  gpdidlasl 5 gl
Ll ally 5 2ol sloyiie o (gilusiadsn
Oz e oo oL 1) (gy5ld (gilwosly Codidge

P (S5 Bros $ 55 5 oBly loan S (5,95
S ooy ot (il 3 o

Sl 8 o ostie oz lr ol el oalosls las
iloads p gl 3 Trb A Ghagh
Jiazms Sobl) Slejle Jelse 1) andyd @
Slolesind Sl 6l
(Silwosly sloasja 5 5Lid,ee ool
Silwosly Cuddse p s)bliae 5 coe R

(Klein & Todesco, 2021) &S oo @2l,8 00,08 >

b Jolss b 5l ele SG (ol Bree 6500 ).
Ay Sl g, 004 oy > b ol dlyo g laore
Q|5_;c=\.3 G (mas leasis .0)'5.015‘0 I
solatul  Cewlew (’:’L’ L u*’))‘ @La 6Lmo¢u)w).cu
S pSmeeal 5 Sysld Cunde 0j> ;S gl o
Jo 00 N el Gres xSk BacnS
aoly ol e Ko dsdlae SO ol o pl8
Guos 550l 3l a5 (Awad & Martin-Rojas, 2024)
ool 3, (i 9 Siledae lp (s
oolawl calizre syl ou b dgzlae [0 lawgio g S5
O Alg e 0,5, ol as wisly plas g wis S
3 d9d e Soabd pae Lnlyd 0 i (6 S e
SzsS sbeeliln Jlums Jso35 950 5 ;500 sladllae
SR e 6Tk M ol olygs 50 bawgie
9 N,S gy P30 A ye Shigy Sl anngi o 1,
G Cand G 0,Nles 0,50y, ol a5 adsle ol
kol Cuje (Mick et al, 2024) syl s sl bs,
25 3l 653k 53 Ol Sl ¢ (el Geee 6250k
e g odezy ol ;0 Sleesd (iludine
Sloreal gilodse slp ohgt Sy ol ool
Wile glatllr b 5 (sl Groe 550k (Jlcnll
5 Slwslne Sz (Goisel lp ol sloosls 4 5Ls

.(Petropoulou et al,, 2024)

G Sl g g SIS -0-Y

5 Gl Comal o8 ple a5 das e lis Slool 55
Gilodialisn sla)sld iluosly o iyl
(e bl )0 ohisa dhawgle 5 SzoS slaely jo
13,19 3529 059> (nl )3 (A2 F BB SIS 5908
Glwosly 9 (opdy p ey Ollllae i @
FeoS 5 losgy 8 et gole Lulyd o (5,5l8
argi Sl kil o 6,5l gilwesly &
.(Alkhodair & Alkhudhayr, 2025) wiles S’
2 bl b Bass srse las Sis, @
b eSS Ll s S S s piyillan

fo)Lmﬁ/Q e”o/\f'f Jb»/é)somsw‘sww



Sl i3 g oSl ylaels

oo

slolae  olols 5B 0 5 leeols (g jslaes
ostie Joe ooz B 50095 oo plonl (gilusietign
oade Ghagh Oledd g ogbise odld dxwg 4
il g)lel slaelobiga o oty 5B 50 05 o
plxl wielige Joo arwgi @il 5,0 5 09b
Sl e dnwgi plae 5B 0 0sd o
w0 2l 9 piie B0 0eb e plxl (S e

e se plmil iaghy (6 pS Az 5 (i Ll

bl diges g azol> —V-F

5 Sz laolly Jold iagh ol )bl axsl>
Oylis iy @b oS cwl lpl e Jbd gt
A Y0 G peS b abbelln «)ls 5 pase o
ik 6 pSaiges by, 5l eolitul b o (LS
ilitee o V5| Lasgie g SarsS oKt AD ciadan
oigel bl glges S oled iy
SR8 adlllaes ;g0 e ¥ o598 (b (55,9laS g (JaigJe
oab ol Sl jsbay Sley 0)90 (pl aid S
SrSded olzu 3l g e i Sloyge bl
sladiged 55V Jgaz aes Abg 1) V8-angsS

.MQ‘SA QLAM) o)“..b" 9 W% SOV} u.ul...u‘ » ‘) uLb.nbjﬁ.o

0315 6,9l gozr sl bg, -Y-F
Sdsia glo g, gl eolaiwl L megh cpl sleesls
5 Slaol jore mlS mrens 1wy Sloadsjslan
JSSL VAP CL S SV RPU SN PRSUEL S3 PPN VUL 9 TRV S UEL 9
Loal> 0 90 50 9 3B Ao g, 5l eolawl b cowpd
A awgie g S5 ol8u pae YY) 0,5 VT o5 Lk
ab VL (s Raegn ¥y oygld jglis
S des 50 (50lS Jlae VO Zlyseiul sl ol ams
Oles ¥ Jgaz 10 a5 09 atusly psie Vg 00isS oS
Sloads eols
et slp glaz e 0 O il o 4
oyl (b Giegh sl yiie g b las
0)5.‘> )\) ua..a?h.a q Ja...uy ML....M....J)J @‘5...7@0

fe)mea/A o)sé/\f‘f JL""/&S)5°}QJ.$|°:““'.‘."“&5‘”"\'."Q‘°

Gollly o lesiebsn o sld
Sl Sl yld cod bawgie § SsS
Cebll) gyl G Shy Y ams S e
(Sldes S (6 wlde (s 3llail
5 S 5l (liebl cllils 5 28 Loy
S sld Giluosly Cuddse n (g)lolies
Lugle § Szo5 ol o giluaiadsn
Ayl Sl byl cos

Jas ol yhe) daoxe Jelse Y ans,d e
slocslon; (s slcales (6,
6oblne b (e pinamsST gladlace
slgld  Gileesly  Codbse g
Lugle § SzoS ool o giluaiadsn
Al Sl bl i e

e Olgisdr 5 ld iz cod b ans b e
Coddge 5 Glojlw Jalss o alal) )0 (ils
Jos gilosiadse slag,sld (glueoly
VL g

e Olgieds odd S e S bB D andyd e
Coddga g Slojlw Jalge oo abail) jo mles
Jos gilwaiadsn slag ks (gilwesly
S o

siie Olgsar ol Jlad F ansys e
5 e slo paite (o abal) o 00iiS Jros
Slwdiadse slag,ld (gilwosly iy

s b Sy Jae Vo ausd e
Bl e S (658 p S g iyl
ok D08 (sl Bees S0l g
G S el (S e 4 Cos (g 5VL
32 Glusiadisn glag,sld (glwosly ly

Syl Sl dayl

o9 (wbb g, -F

5,509, b (at5unl) (oS 5 (oulid by, 5l ook ol
plxl Lol ol aiS oo ool Ldow- lacs]
Jol 5B 5o el saliesls Hlas YOS o g



o8 e bgio g S8 ol 53 cawlio gilwaiadign (559L3 (3lwesly lp G iydlhanl g gylmly (oS § Joo dxwgd

bogie 5 Szs8 Glaoly ;o ilusalse

5 8ysleer Sl
e oSy N0 s ipudiime oublic
Slweols  loanly cdiae  caslin
s plol g jleaiadisn slags sl

(f

5 S5 b,lscns 5 gyl Cunoe
5 eslatal b lnl oLl ad anl Lagie
(IAY) S5 bl 5 CIAY) £l S S

L8518 2l S)9e
Olpae 51 a5 VY L odeo L8 Luwdows dusbiao
wlllaos g0 glaollny  Gle 5 0l

4

o 59 9 g3y Sl puio —Y-F
obey dawgie b o lBludes slbaslas

sobiedy aslas ol ol slol adds VO

da >
&lwosly

L Slo ki atwd dw )0 LiegR ol (gle e
AJ‘OMLSMM 4"‘""“"5 9 (57°L“°

Slsbe slo)lne Jolos i fiame lo o ()

5 Glhme 0) psld sla Ty (lne 0)

5 o,lalinl slaay s 5l oolatwl b b,les

5 lcws,s Floaes S,
slas sl

A bl Sl lls o gileaiedien

«5“”6)5‘-‘-;’

5 yle B s taghy slaysie ¥ Joo
Ao oo (LS T Jlre o Sldes iy

Shles 5 Jb slaosls agili glaosls (¥

390 Slalllas 5 (o Glah)l5S daole

9 &yayo uLyb‘ wlm‘ > 0 6)L~JLSA9J
i plool 8 5 S e

slag,gld  ilwesly 3550 50 Sezse

6291200 9 61k az)bSs wazyle 1l eoehe Jie
Ol byl 5> husgio g S2gS (GdwiSpb > Jadign 59U gjlwedly wly

ki oszly [ iy piio [] oxiSioans pitia e gt (] Jiitimo glayeiio [

wilojlu Jolos wbly Sl 5900
(ROT)

Wtz JSslal | |ﬁ
‘. [ seeas |

Sl )Gl

|
|
‘, ol Sims
\
\

I g’ i)
e
oS Al
Gilwerly glwaigim
- ~\
sl Sl
(DRL)
)9l sty 5jlmarly cudgo i
B . Aaiga 5)0US I i cpms s
| ool
] - [ ot |
| e JEN H
‘ (6 pdupladio l i | 38lae gl Loma bl
‘ e J| | vy l | e ]
| o iy | o
p Y
L olisabl culls |
hue Jalge
- 3
Whyho |
1
iy Lo |

laahis by

[
[
\ e il
[
[

S5 eyl

Figure 1. Conceptual model of the research.
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Table 3. The impact of a 10% increase in key factors on increasing technology implementation success
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Table 4. Key factors affecting the sustainability and flexibility of implementing smart technologies
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Table 6. Optimal strategies for implementing smart technologies in different crisis situations
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Figure 3. Chart comparing the adoption rate of smart technologies in small and medium-sized enterprises.
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Figure 4. Diagram of the relationship between key factors and the adoption rate of smart technologies.
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Figure 6. Comparison chart of the value of real options for implementing smart technologies in enterprises.
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