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TOE-FRAMEWORK
IN Al ADOPTION:
A QUALITATIVE
ANALYSIS
OF SICILIAN SMES

This research examines the enablers and
barriers to artificial intelligence (Al) adoption
among small and medium-sized enterprises
(SMEs) in Sicily, foregrounding how technolo-
gical, organizational, and environmental factors
interact in a peripheral regional context. Adop-
ting a qualitative design, we conducted eight
semi-structured, in-depth interviews with mana-
gers from digitally oriented and traditional
SMEs. Data were analysed abductively through
the Technology-Organization-Environment (TOE)
framework. Findings reveal a pronounced
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KOHLUENUIA TOE
Y BMPOBAKEHHI LUI:
AKICHAWN AHANI3
CALUMINCbKNX MAJTUX TA
CEPEAHIX MIANMPUEMCTB

Lle Oocnioscenns awnanizye gaxmopu, wo
CNpUAIOMb MA NEPeUKOOHCAIOMb BNPOBAOIHCEH-
Ho wmyynoeo inmenekmy (L) ceped manux
ma cepeonix nionpuemcms (MCII) na Cuyunii,
BUCBIMIIOIOUU 83AEMOOII0 TMEXHONIO2IYHUX, Opea-
HI3AYIUHUX MA eKONO2IYHUX ¢haxkmopie y nepu-
Qepitinomy pecionanvHomy konmexcmi. Buxopuc-
MogyroUU AKICHUL OU3aiil, 0Y10 NPOBEOeHO Bicim
HAnigCMpyKmypo8anux 2iubOUHHUX I[HmMeps 1o
3 MeHeOdcepamu Yu@dposux ma mpaouyiiHux
MCII. Jlani 6ynu npoananizosaui 3a 00NOM02010
mooeni "Texnonoeis-Opeanizayis-Cepedosuwye”
(TOE). Pe3ynvmamu 00CHioNCceHHs1 GUABTAIOMb
Ackpaso eupaxceny piznuyro: yugposi MCII
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divide: digital SMEs treat Al as a strategic asset
already embedded in daily workflows (e.g., code
analysis, marketing, administrative support),
reporting productivity gains and a shift toward
higher value-added tasks; while traditional
SMEs view Al as distant or overly complex,
citing low awareness and unclear use cases.
Organizational culture and leadership are
pivotal-entrepreneurial, experimentation-friendly
settings (often with dedicated "creative techno-
logist” roles) accelerate adoption, whereas
resistance among incumbent staff and weak
change communication hinder progress. Envi-
ronmental constraints specific to Sicily-frag-
mented incentives, uneven digital infrastructure,
and limited knowledge networks-further dampen
uptake, creating a risk of widening digital
divides. The research offers actionable implica-
tions: staged, use-case-driven pilots with clear
governance; leadership development and inter-
nal champions; continuous, modular training;
and ecosystem interventions (innovation hubs,
cluster initiatives, targeted vouchers/grants).
Theoretically, we advance a socio-technical
view of Al consolidation that links micro-organi-
zational dynamics with territorially embedded
conditions. Overall, the research contributes
context-sensitive  evidence and practical
guidance to foster inclusive Al-enabled trans-
formation in SMEs.

Keywords: Artificial Intelligence, SMEs,
TOE-framework, digital transformation, quali-
tative research, regional innovation.

JEL Classification: 033, 126, M15.

Introduction

posenaoarome LI ax cmpameziunuti akmus, aKuil
J1Ce IHMEPOBAHULl ) NOBCAKOEHHI poboYi npoyecu
(Hanpuxiao, amaniz Kooy, MapKemuHe, aoMiHicm-
PamueHa niOmpumKa), NOSIOOMISIOYU NPO  NIO6U-
WeHHs. NPOOYKMUBHOCME Ma nepexio 00 3a80aHb 3
BULYOI0 O00AHOIO BapMICMIo, MOOL SIK MPAOUYIIHI
MCII ssasicaroms LI 6iddanenum abo Haomo
CKAAOHUM, NOCUNAIOYUCH HA HUBLKY ODI3HAHICIb A
Heuimki 8unaoku euxopucmanna. OpeaHizayitina
Kyibmypa ma  J1ioepcmeo  Maiomb  6UpiuiaibHe
3HaUeHHsl — NIONPUEMHUYbKE cepedosuwye, Cnpusm-
mee Olld eKCnepuMeHmie (yacmo 3 GUOieHUMU
porsmu "KpeamueHux mexronozis"") npuckoproome
81NpoBaddiceHHs, mooi AK onip ceped  OOYUX
CnigpobIMHUKI6 ma CclabKka KOMYHIKAyisi 3MIH
eanvmyiomsv npozpec. ObmedicenHs, XapaKxmepHi 0
Cuyunii — (hpaemenmosari cmumyiu, HePIBHOMIPHA
yughposa ingpacmpykmypa ma 0OMeiCceHi Mepexci
3HAHb, — wje Ollblue 2anbMyIOmb 6NPOBAOICEHHS,
CMEOPIoIOYU PUSUK NOTUONEHHA YUPPOBO2O PO3PUBY.
Jlocniooicennss npononye NpakmuyHi peKoMeHOayii:
noemanui NIOMHI  NPOEKMU, OPIEHMOBAHI  HA
KOHKpemHi GUNAOKU GUKOPUCIANHS, 3 YIMKUM YNnpas-
JIHHAM,; PO3BUMOK JIIOEPCHKUX AKOCMelL | GHYMPIULHIX
ni0epig,; besnepepere MOOYIbHE HABYAHHS, A MAKONC
6MpyuanHs 8 exocucmemy (iIHHOBAYIlHI Xabu, Kiac-
mepHi iHiyiamusy, Yinbosi éayuepu/epanmu). Teope-
MUYHO A6MOpPU NPOCY6arOmy COYIANbHO-MEXHIYHUL
noenad Ha xKowconioayiro LI, sxuii nog’si3ye mikpo-
OpeaHizayitiny OUHAMIKY 3 MEPUMOPIaTbHO 860Y006a-
HumMu ymoeamu. B yinomy, oOocnmidoicenms Haoac
KOHMEKCMHO-3aNedHCHi 00Ka3u ma npakmuyHi pexko-
MeHOayii 0715 CHPUSHHSA IHKTIO3UBHILL IMparcgopmayii’
Manux i cepeoHix nionpuemcms 3a 0onomozoio LI

Knwouosi cnosa: mryunuit inrenext (ILI),
MaJii Ta CepenHi mianpueMcTBa, ctpykrypa TOE,
uudposa TpaHchopmallis, AKICHE JTOCITIIHKSHHS,
perioHabHI IHHOBAIII.

In the actual digital world, Artificial Intelligence (Al) is escalating in

interest (Ho et al., 2022), often regarded as the Fourth Industrial Revolution
(Zhang et al., 2021). Academic work (Khalid, 2020; Dwivedi et al., 2021)
portrays Al as a domain that merges computer science with extensive data,
enhancing corporate decision-making. Dwivedi et al. (2021) state that Al
replicates human cognitive processes using advanced tools like machine and
deep learning. Scholarship (Awan et al., 2021; Sestino and De Mauro, 2022)
confirms its synergy with Big Data analytics to convert raw data into
actionable insights.

Al implementation yields multiple benefits: lower costs, greater
accuracy (Agarwal et al., 2021), higher productivity (Acemoglu and Rest-
repo, 2018), enhanced product development (Babina et al., 2024), and
accelerated business growth (Bag et al., 2021). Consequently, organizations are
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increasingly deploying Al to bolster performance (Mikalef & Gupta, 2021),
despite considerable obstacles (Yu et al., 2020). The strategic ramifications
of Al are a vital research area (Sun & Medaglia, 2019), as its integration
influences both financial and non-financial outcomes for Small and Medium-
sized Enterprises-SMEs — (Baabdullah et al., 2021; Badghish & Soomro, 2024).

SMEs are principal drivers of economic growth (Gherghina et al., 2020)
and are known for their agility and adaptability to technological shifts
(Baeshen et al., 2021). They are increasingly using transformative techno-
logies to scale operations (Rawashdeh et al., 2023). Despite these advantages,
SMEs encounter barriers, including internal resistance, complexity, financial
limitations (Venkateswarlu et al., 2022; Bakhtiari et al., 2020), and localized
factors (Schwaeke et al., 2024).

This research focuses specifically on SMEs in Sicily, a region with a
unique socio-economic context. Our purpose is to evaluate Al adoption by
examining the awareness and requirements of local entrepreneurs. In parti-
cular, the objective of this research is to investigate the awareness, percep-
tions, and needs of entrepreneurs from Sicilian SMEs in relation to Al tech-
nologies and to identify the technological, organizational, and environmental
factors that affect their readiness to adopt Al solutions.

We employ the Technology-Organization-Environment (TOE)
(Baker, 2011) framework to propose a conceptual model that explains firm
readiness for Al and its impact on performance within this specific setting.

1. Methodology

A qualitative approach was adopted, based on eight in-depth
interviews with managers from both digital and traditional SMEs operating
in Sicily. Data were analyzed using the Technology-Organization-Environ-
ment (TOE) framework to identify adoption drivers and barriers.

1.1. Research design and context

A qualitative design was adopted to generate an in-depth, contextually
grounded understanding of enablers and barriers to Al adoption among small
and medium-sized enterprises (SMEs) operating in Sicily. We conducted
eight semi-structured, in-depth interviews with managers from both digital
(e.g., software/IT services) and traditional sectors (e.g., construction
equipment, manufacturing). The Technology-Organization-Environment
(TOE) framework guided both data collection and analysis.

1.2. Research design and context

We used purposive, maximum-variation sampling to capture hetero-
geneity across sectors, firm sizes, and roles relevant to Al-related decision
making. Inclusion criteria were: (i) SME status per EU definition; (ii) primary
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operations in Sicily; (iii) managerial responsibility for technology, operations,
or strategy; and (iv) at least nascent exposure to Al concepts or tools.

Participants were recruited via industry associations, professional
networks, and snowball referrals. Initial invitations were sent by email with
an information sheet; follow-ups were conducted by phone to confirm
eligibility and schedule interviews. Recruitment continued until thematic
sufficiency was indicated.

Participants provided informed consent prior to data collection and
were reminded of their right to withdraw at any time. Data were anonymized,;
identifiers (name of the interviewed, and firm names) were replaced with
codes. Only the research team had access to audio files and transcripts.

1.3. Data collection

Interviews were conducted between May and July 2025, either on-site
at company premises or via secure video-conferencing (e.g., Microsoft
Teams or Google Meet), according to participant preference. Conversations
followed a semi-structured guide organized around four domains: company
profile, digital maturity, current Al usage and perceptions, and perceived
barriers/facilitators to adoption (aligned to TOE dimensions).

Interviews lasted approximately 60-90 minutes. With written
informed consent, interviews were audio-recorded and supplemented with
field notes on context, emergent topics, and nonverbal cues (for in-person
sessions). Recordings were professionally transcribed verbatim in the
original language (ltalian). Where excerpts are reported in English, they were
translated by a bilingual researcher to preserve meaning and tone.

Thematic saturation was assessed iteratively; by the eighth interview,
no substantively new codes emerged within TOE dimensions and subsequent
analysis showed increasing redundancy across cases, indicating adequacy of
the sample for the study aims.

1.4. Data collection

We employed an abductive, framework-informed thematic analysis.
First, an initial codebook was developed deductively from the TOE
framework (technology, organization, environment) with provisional
subcodes (e.g., perceived usefulness, compatibility, data readiness; leader-
ship, culture, skills; regulatory pressure, ecosystem support), while allowing
inductive codes to capture unanticipated themes (e.g., territorial embed-
dedness, vendor dependency).

Two researchers independently coded the same subset of transcripts
in ATLAS.ti, discussed discrepancies, and refined code definitions to
enhance coherence and transparency. The remaining transcripts were coded
with the stabilized codebook, with periodic peer debriefs to interrogate
emerging interpretations. The final themes are reported along TOE
dimensions, distinguishing adoption drivers and barriers and illustrating
mechanisms with anonymized quotations.
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2. Results

The findings from the eight in-depth interviews revealed a clear divide
between digitally oriented and traditional SMEs regarding the adoption and
perception of Al. Among the more innovation-driven companies, Al tools
were not only well known but actively integrated into daily business
operations across various functions, from software development and
marketing to creative production and internal administration. Participants
from these firms described Al not as a threat or a tool for future use, but as a
strategic asset already enhancing their productivity, accelerating workflows,
and enabling a more meaningful engagement with complex creative and
analytical tasks. One entrepreneur observed, *We use it in various contexts —
for code analysis, client quote evaluations, document summarization"
(Interviewee 6), highlighting the practical, day-to-day utility of these
technologies.

Another emphasized the transformative role of Al in their work
routines, stating, "It speeds things up enormously... we spend less time on
stupid tasks and more on what really matters™ (Interviewee 3), underscoring
the shift toward a more value-added work model. In stark contrast,
interviewees from more traditional SMEs reported a significantly lower level
of technological awareness and application. For these companies, Al was
often perceived as a distant or overly complex innovation, disconnected from
their immediate operational needs and day-to-day challenges. A respondent
openly admitted, "I am aware of my lack of knowledge... I wouldn’t even
know how to apply it in my daily work" (Interviewee 8), reflecting a
widespread uncertainty and reluctance to engage with Al technologies. This
sentiment reveals a profound knowledge gap that goes beyond simple lack of
access, suggesting a fundamental disconnect between the perceived benefits
of Al and the practical needs of these enterprises.

Organizational culture emerged as a critical determinant in the adoption
process. In digital firms, an entrepreneurial and forward-thinking leadership
style fostered a proactive attitude toward experimentation. These leaders not
only encouraged the use of new tools but also created dedicated roles, such as a
"Creative Technologist”, to guide and evangelize Al integration within the
company. This approach promoted a culture of continuous learning and
adaptation. Conversely, more conventional businesses faced significant internal
resistance, particularly from older staff members who were skeptical of change.
As one interviewee noted, "Some colleagues are just afraid of change. They
think Al will make things more complicated, not easier” (Interviewee 1). This
resistance highlights the human element of digital transformation, where fear of
the unknown and inertia can be as formidable an obstacle as technological or
financial limitations.
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Even among the more advanced firms, the fast pace of technological
evolution presented challenges. One participant reflected, "We need weekly
updates... the tools evolve faster than our ability to adapt™ (Interviewee 4),
demonstrating that even those who embrace Al must constantly invest in
skills and training to keep pace.

Finally, the environmental context — especially the regional charac-
teristics of Sicily — proved highly influential. Several respondents cited the lack
of public incentives, weak infrastructure, and limited access to knowledge
networks as major obstacles to innovation. These external factors create a
difficult landscape for SMEs trying to embrace new technologies. As one
entrepreneur remarked, "Here in Sicily, we can’t wait for the system to help —
we must adapt ourselves” (Interviewee 7), a quote that captures the spirit of
resilience born from a lack of institutional support. The combined effect of these
external constraints and internal challenges has led to a fragmented adoption
landscape, where only the most forward-thinking SMEs appear equipped to
harness the full potential of Al. One participant aptly captured this sentiment,
warning of a coming divide: "This revolution is enormous and definitive. Either
you keep up, or you disappear" (Interviewee 3).

These insights underscore the importance of viewing Al adoption not
solely through a technological lens, but as a multifaceted process shaped by
organizational culture and regional context. The variability in readiness and
usage patterns among Sicilian SMEs reveals the need for tailored
interventions, including targeted training, leadership development, and
supportive policy frameworks, in order to ensure a broader and more
inclusive integration of Al technologies.

The following Table 1 distills qualitative insights from eight in-depth
interviews with managers of Sicilian SMEs, contrasting digitally oriented
and traditional firms across the Technology-Organization-Environment
(TOE) dimensions. For each theme, it reports observed evidence by firm
type, representative quotations that exemplify recurrent patterns, and
actionable implications. The table highlights a marked divide in Al
awareness, use, and strategic framing; the role of leadership, culture, and
skills in shaping adoption trajectories; and the influence of environmental
factors such as infrastructure, incentives, and knowledge networks. Together,
these findings depict an uneven adoption landscape in which digitally mature
SMEs leverage Al to streamline workflows and elevate value-added tasks,
while more traditional firms face knowledge gaps, resistance to change, and
limited ecosystem support. The implications column translates these insights
into targeted interventions — ranging from awareness-building and change
management to training, governance, and policy measures — intended to
broaden and accelerate Al uptake in resource-constrained contexts.
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Theme (TOE)

Al Awareness &
Current Usage
(Technology)

Perceived Value &
Productivity
(Technology)

Organizational
Culture &
Leadership
(Organization)

Skills, Training &
Pace of Change
(Organization/
Technology)

Internal
Resistance &
Human Factors
(Organization)

Infrastructure,
Incentives &
Policy
(Environment)

Ecosystem &
Knowledge
Networks
(Environment)

ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5

Al Adoption in Sicilian SMEs (TOE-Aligned)

Digital SMEs —

Evidence
High awareness;
Al integrated
across functions
(code review,
marketing,
creative, admin).
Al framed as
strategic asset
already in use

Al accelerates
processes, reduces
rote tasks, frees
time for higher-
value work

Entrepreneurial
leadership;
experimentation
encouraged;
dedicated roles
(e.g., "Creative
Technologist")

Continuous
upskilling needed;
struggle to keep
pace with fast-
evolving tools

Lower resistance
due to culture of
experimentation;
clearer narratives
on value

Operate despite
weak external
support; rely on
internal initiative

Better connected
to communities,
vendors, and
learning resources

Traditional

SMEs — Evidence

Low awareness;
Al perceived as
distant/complex;
unclear practical
applications

Benefits remain
abstract; fear of
inefficiency or
added
complexity

Conservative
culture; change
skepticism,
especially among
older staff

Foundational
digital/Al literacy
gaps; limited
training routines

High
resistance/inertia;
fear of the
unknown and job
disruption

More affected by
lack of incentives,
weak
infrastructure,
limited access to
knowledge
networks

Sparse networks;
isolation from best
practices and peer
learning

Representative
Quotes

"We use it in
various contexts—
for code analysis,
client quote
evaluations,
document
summarization"
(Int. 6); "I
wouldn’t even
know how to
apply it in my
daily work"
(Int. 8)
"It speeds things
up enormously...
we spend less time
on stupid tasks
and more on what
really matters"
(Int. 3)
"Some colleagues
are just afraid of
change... They
think Al will make
things more
complicated"”
(Int. 1)

"We need weekly
updates... the
tools evolve faster
than our ability to
adapt” (Int. 4)

"Some colleagues
are just afraid of
change" (Int. 1)

"Here in Sicily,
we can’t wait for
the system

to help — we must
adapt ourselves"”
(Int. 7)

Implicit across
interviews (limited
networks reported
by several
respondents)

Table 1

Actionable

Implications
Targeted
awareness-
building; sector-
specific use cases
and demos to
translate abstract
benefits into
concrete
workflows

Show ROI through
pilots; start with
quick wins that
automate low-
value tasks

Leadership
development for
digital
transformation;
internal
champions;
change
management and
communication
plans

Modular training
curricula;
microlearning;
vendor-supported
enablement; time-
bounded learning
sprints

Address anxieties;
participatory
design; involve
skeptics early;
emphasize
augmentation, not
replacement
Policy support for
SME Al adoption;
local innovation
hubs;
grants/vouchers;
improved digital
infrastructure
Broker
connections;
cluster initiatives;
peer cohorts;
partnerships with
universities and
providers
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Digital SMEs —

Theme (TOE)

Traditional

Representative

End of Table 1

Actionable

Evidence SMEs — Evidence Quotes Implications
Adoption Poised to harness Risk of falling "This revolution is | Segmented
Landscape & Al’s potential; behind; enormous and interventions;
Digital Divide see Al as non- fragmented definitive. Either prioritize lagging
(Cross-cutting) optional for readiness and you keep up, or sectors with
competitiveness uptake you disappear" tailored roadmaps

(Int. 3)
"Al... a strategic

and support

Strategic Framing | Clear strategic Lack of strategic Use-case portfolio

& Use-Case framing; Al framing; unclear asset already design; start small,
Selection mapped to value- entry points; enhancing scale fast;
(Organization/Tec | adding tasks and overwhelm from productivity" governance for
hnology) roles tool variety (synthesis from tool selection and

multiple interviews) | data readiness

Source: authors’ elaboration.

3. Discussion and conclusion

This research provides a detailed account of how Al adoption unfolds
within SMEs in a distinctive regional context like Sicily, offering valuable
insights that reach far beyond local specifics. The main contribution is to
demonstrate that the integration of Al is not a uniform or linear process but
is profoundly influenced by regional socio-economic dynamics, the internal
organizational culture of the firm, and its specific sectoral characteristics.

The application of the Technology-Organization-Environment (TOE)
framework revealed that a firm’s digital maturity and its managers’ attitudes
are decisive factors. For digitally advanced firms, these elements act as
powerful enablers, allowing them to effectively translate Al opportunities
into practical, day-to-day applications. Conversely, for more traditional
enterprises, these same factors serve as significant barriers, creating
substantial hurdles to adoption. From a theoretical perspective, this study
emphasizes the critical importance of situating digital transformation
research within specific territorial ecosystems.

The findings strongly suggest that regional conditions, such as the
availability of training resources, the presence of supportive networks, and
entrenched sectoral inertia, play a crucial and often underestimated role in
shaping a company’s readiness to adopt new technologies. In this sense, the
research refines the TOE framework by highlighting the considerable
influence of local embeddedness on technology adoption pathways.

On a practical level, the findings indicate that managerial interventions
and public policies aimed at fostering Al adoption cannot be based on a "one-
size-fits-all" approach. The observed heterogeneity among Sicilian SMEs
necessitates the development of differentiated strategies. While digitally
advanced enterprises may require sophisticated and structured training programs
and ethical guidelines for responsible Al use, traditional sectors need more
foundational initiatives. These should focus on raising basic awareness,
demystifying Al, and reducing the ingrained resistance to change.
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Innovation hubs and training institutions should, therefore, design
multi-layered support systems that align with the varying degrees of digital
maturity across the Sicilian SME population. The broader implication is that
for SMEs, Al adoption is not just a matter of technological availability but
also a process of profound cultural adaptation and organizational learning.
Companies that successfully combine an openness to experimentation with
deliberate investments in human capital will be better positioned to leverage
Al for enduring innovation and enhanced competitiveness. Conversely,
ignoring these crucial socio-organizational dimensions risks irrevocably
widening the digital gap between advanced and lagging firms.

4. Implications and future research directions

This study contributes to the literature on digital transformation in
SMEs and offers actionable guidance for managers, policymakers,
innovation hubs, and training institutions. The findings underscore that the
core challenge for SMEs is not merely adopting Al tools but embedding them
into organizational routines in ways that enhance collective capabilities and
elevate the value of work. The Technology-Organization-Environment
(TOE) lens reveals a pronounced divide between digitally oriented and
traditional firms: the former treat Al as a strategic asset already integrated
into daily workflows, while the latter perceive it as distant, complex, and
difficult to operationalize. This asymmetry is amplified by organizational
culture and leadership — entrepreneurial, experimentation-friendly environ-
ments accelerate uptake — alongside environmental constraints specific to
Sicily, including weak incentives, patchy infrastructure, and limited
knowledge networks.

Managerially, the results point to a staged, use-case — driven approach.
Firms should begin with "quick wins" that automate low-value tasks and
demonstrate tangible ROI, then scale to more complex applications under
explicit governance for tool selection and data readiness. Leadership
development is pivotal: appoint internal champions (e.g., "creative techno-
logists"), invest in change management and transparent communication, and
frame Al as augmentation rather than replacement to reduce resistance—
especially among older staff. Given the rapid progress of technological
change, continuous capability-building is essential; modular curricula,
micro-learning formats, and vendor-supported enablement can help teams
keep pace without disrupting operations.

For the support ecosystem, implications are equally concrete.
Innovation centers and business associations can broker access to sector-
specific exemplars and peer cohorts, reducing isolation and shortening
learning curves for traditional SMEs. Policy actors can mitigate environ-
mental frictions through targeted instruments — SME vouchers or grants for
pilot projects, tax credits tied to training outcomes, and investments in digital
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infrastructure. Regionally rooted initiatives (local hubs, university — industry
partnerships, cluster programs) can thicken knowledge networks and provide
durable scaffolding for adoption, moving beyond one-off workshops toward
sustained communities of practice.

Overall, theoretically, the study advances an integrated view of Al
adoption as a socio-technical process shaped by the interaction of techno-
logical affordances, organizational culture and leadership, and territorially
embedded conditions. Practically, it translates this view into a portfolio of
tailored interventions: awareness-building with concrete use cases; leader-
ship and change-management development; iterative pilots with clear
governance; continuous, stackable training; and ecosystem-level supports
that lower coordination and capability gaps.

Future research could extend these insights through longitudinal and
cross-regional comparisons, examining how combinations of managerial
practices and ecosystem supports enable durable consolidation of Al in
diverse socio-economic environments.

Moreover, to extend and triangulate these qualitative insights, future
research could incorporate a complementary quantitative phase using a survey
administered to a probability sample of Sicilian SMEs drawn from the AIDA
database (Analisi Informatizzata delle Aziende) — a comprehensive commercial
information platform covering Italian firms. The sampling frame would consist
of limited liability companies headquartered in Sicily that meet the EU definition
of an SME (i.e., < 250 employees and either < EUR 50 million in annual turnover
or <EUR 43 million in total assets). Recruitment could proceed via verified email
and phone contacts listed in AIDA, with multi-wave reminders and mixed-mode
administration to reduce nonresponse.

The survey grounded in the TOE framework and refined from the
interview themes — would measure perceived Al utility, readiness (skills,
data, governance), leadership and culture, environmental pressures/supports,
and adoption outcomes; established multi-item scales would be adapted and
pretested, followed by translation/back-translation and cognitive probing to
ensure content validity. This design would offer a robust quantitative
complement to the depth achieved qualitatively.

REFERENCE

Acemoglu, D., & Restrepo, P. (2018) Artificial intelligence, automation, and work. In The economics of
artificial intelligence: An agenda, 197-236. University of Chicago Press. http://www.nber.org/
chapters/c14027

Agarwal, V., Mathiyazhagan, K., Malhotra, S., & Saikouk, T. (2022). Analysis of challenges in sustainable
human resource management due to disruptions by Industry 4.0: an emerging economy perspective.
International Journal of Manpower, 43(2), 513-541. https://do/i.org/10.1108/1JM-03-2021-0192

Awan, U., Shamim, S., Khan, Z., Zia, N. U,, Sharig, S. M., & Khan, M. N. (2021). Big data analytics
capability and decision-making: The role of data-driven insight on circular economy performance.
Technological Forecasting and Social Change, (168), 120766. https://doi.org/10.1016/j.techfore.
2021.120766

170 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



ENTREPRENEURSHIP

Baabdullah, A. M., Alalwan, A. A, Slade, E. L., Raman, R., & Khatatneh, K. F. (2021). SMEs and artificial
intelligence (Al): Antecedents and consequences of Al-based B2B practices. Industrial Marketing
Management, (9)8, 255-270. https://doi.org/10.1016/j.indmarman.2021.09.003

Babina, T., Fedyk, A., He, A., & Hodson, J. (2024). Artificial intelligence, firm growth, and product
innovation. Journal of financial economics, (15)1, 103745. https://doi.org/10.1016/j.jfineco.2023.103745

Badghish, S., & Soomro, Y. A. (2024). Artificial intelligence adoption by SMEs to achieve sustainable
business performance: application of technology—organization—environment framework. Sustainability,
16(5), 1864. https://doi.org/10.3390/su16051864

Baeshen, Y., Soomro, Y. A., & Bhutto, M. Y. (2021). Determinants of green innovation to achieve
sustainable business performance: Evidence from SMEs. Frontiers in Psychology, (12), 767968.
https://doi.org/10.3389/fpsyg.2021.767968

Bag, S., Pretorius, J. H. C., Gupta, S., & Dwivedi, Y. K. (2021). Role of institutional pressures and resources
in the adoption of big data analytics powered artificial intelligence, sustainable manufacturing practices and
circular economy capabilities. Technological Forecasting and Social Change, (163), 120420. https://doi.org/
10.1016/j.techfore.2020.120420

Baker, J. (2011). The technology—organization—environment framework. Information Systems Theory: Explaining
and Predicting Our Digital Society, (1), 231-245. https://doi.org/10.1007/978-1-4419-6108-2_12

Bakhtiari, S., Breunig, R., Magnani, L., & Zhang, J. (2020). Financial constraints and small and medium
enterprises: A review. Economic Record, 96(315), 506-523. https://doi.org/10.1111/1475-4932.12560

Dwivedi, Y. K., Hughes, L., Ismagilova, E., Aarts, G., Coombs, C., Crick, T., ... & Williams, M. D. (2021).
Artificial Intelligence (Al): Multidisciplinary perspectives on emerging challenges, opportunities, and
agenda for research, practice and policy. International journal of information management, (57), 101994.
https://doi.org/10.1016/j.ijinfomgt.2019.08.002

Gherghina, S. C., Botezatu, M. A., Hosszu, A., & Simionescu, L. N. (2020). Small and medium-sized
enterprises (SMEs): The engine of economic growth through investments and innovation. Sustainability,
12(1), 347. https://doi.org/10.3390/su12010347

Ho, L. T., Gan, C., Jin, S., & Le, B. (2022). Artificial intelligence and firm performance: does machine
intelligence shield firms from risks? Journal of risk and financial management, 15(7), 302.
https://doi.org/10.3390/jrfm15070302

Khalid, N. (2020). Artificial intelligence learning and entrepreneurial performance among university
students: evidence from malaysian higher educational institutions, Journal of Intelligent & Fuzzy Systems,
39(4), 5417-5435. https://doi.org/10.3233/JIFS-189026

Mikalef, P., & Gupta, M. (2021). Artificial intelligence capability: Conceptualization, measurement
calibration, and empirical study on its impact on organizational creativity and firm performance. Information
& Management, 58(3), 103434. https://doi.org/10.1016/j.im.2021.10343

Rawashdeh, A., Bakhit, M., & Abaalkhail, L. (2023). Determinants of artificial intelligence adoption in
SMEs: The mediating role of accounting automation. International Journal of Data and Network Science,
7(1), 25-34. https://doi.org/10.5267/j.ijdns.2022.12.010

Schwaeke, J., Peters, A., Kanbach, D. K., Kraus, S., & Jones, P. (2024). The new normal: The status quo of
Al adoption in SMEs. Journal of small business management, 1-35. https://doi.org/10.1080/
00472778.2024.2379999

Sestino, A., & De Mauro, A. (2022). Leveraging artificial intelligence in business: Implications, applications
and methods. Technology analysis & strategic management, 34(1), 16-29. https://doi.org/10.1080/
09537325.2021.1883583

Sun, T. Q., & Medaglia, R. (2019). Mapping the challenges of Artificial Intelligence in the public sector:
Evidence from public healthcare. Government information quarterly, 36(2), 368-383. https://doi.org/
10.1016/j.giq.2018.09.008

ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5 171



ENTREPRENEURSHIP

Venkateswarlu, Y., Baskar, K., Wongchai, A., Gauri Shankar, V., Paolo Martel Carranza, C.,
Gonziles, J. L. A., & Murali Dharan, A. R. (2022). An Efficient Outlier Detection with Deep Learning-
Based Financial Crisis Prediction Model in Big Data Environment. Computational Intelligence and
Neuroscience, (1), 4948947. https://doi.org/10.1155/2022/4948947

Yu, W., Chavez, R., Feng, M., Wong, C. Y., & Fynes, B. (2020). Green human resource management and
environmental cooperation: An ability-motivation-opportunity and contingency perspective. International
Journal of Production Economics, (219), 224-235. https://doi.org/10.1016/j.ijpe.2019.06.013

Zhang, W., Zuo, N., He, W., Li, S., & Yu, L. (2021). Factors influencing the use of artificial intelligence in
government: Evidence from China. Technology in Society, (66), 101675. https://doi.org/10.1016/
j.techsoc.2021.101675

Conflict of interest. The authors certify that don’t they have no financial or non-financial interest in the subject matter or
materials discussed in this manuscript; the authors have no association with state bodies, any organizations or commercial
entities having a financial interest in or financial conflict with the subject matter or research presented in the manuscript.

The authors received no direct funding for this study.

Avarello, C, Cava, A, Marozzo, V., & Nucita, A. (2025). TOE-Framework in Al adoption: a qualitative analysis of Sicilian SMEs.
Scientia fructuosa, 5(163), 161-172. http://doi.org/10.31617/1.2025(163)10

Received by the editorial office 18.08.2025.
Accepted for printing 23.09.2025.
Published online 21.10.2025.

172 ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



