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Drivers of Digital Transformation in SMEs
Nessrine Omrani , Nada Rejeb , Adnane Maalaoui, Marina Dabić , and Sascha Kraus

Abstract—This study aims to identify and analyze factors de-
termining the adoption of digital technologies in SMEs. Draw-
ing on the technology–organization–environment framework, the
study highlights enabling factors from three different contexts and
hypothesizes their relationship with digital technology adoption.
The data used were collected from 15 346 European Union and
non-European Union SMEs to test an ordered logit regression
model that highlights the factors associated with an increased level
of digital technologies adoption in SMEs. The empirical results
show that the technology context (IT infrastructure and digital
tools) along with the existing level of innovation are the main
drivers that act as stepping stones in digital technology adoption.
Corporate regulation, available skills, and financial resources (as
organizational variables) also play a significant role in the adoption
decision. Unexpectedly, the influence of the environmental context
is marginal. The implications of this study are emphasized for
theory and practice, laying a foundation for further empirical
studies in this field.

Managerial relevance statement: This article reviews the empir-
ical research on digital technologies adoption and examines the
drivers of such adoption in SMEs. The factors identified pro-
vide guidance for practitioners adopting digital technologies in
SMEs, by suggesting they assess the readiness of their firms be-
fore investing in digital technology. This research helps advance
the conversation on digitalization drivers especially by bringing
the discussion into the organization boundaries, as our findings
highlight the predominance of organizational drivers over the tech-
nological and environmental ones. SMEs have to overcome the chal-
lenges associated with constructing an IT infrastructure capable
of implementing new technologies. Indeed, while striving to adopt
new digital technologies (e.g., AI, big data, IoT), many SMEs are
still unprepared. Therefore, rather than adopting mimetic behav-
iors based on external pressure, SMEs that aim for digitalization
should first assess their existing technologies, and further develop
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a meticulous technological roadmap that includes skills upgrades
and investments in upskilling employees’ capabilities. Therefore,
developing a fully integrated strategic approach is crucial before
the adoption of digital technologies

Index Terms—Digital technology adoption, digital transfor-
mation, SMEs, TOE model.

I. INTRODUCTION

D IGITAL transformation has disrupted numerous markets
putting immense pressure on incumbent SMEs to move

toward innovation-driven organizations [70].
Digital transformation has been defined as “the use of new dig-

ital technologies, such as mobile, artificial intelligence, cloud,
blockchain, and the Internet of Things (IoT) technologies, to
enable major business improvements” [1, p.326]. The transition
toward digital technologies offers possibilities but also chal-
lenges with its corresponding organizational changes [2] and
increased systems complexity [3]. A current challenge is that
digital transformation involves fundamental transformation in
SMEs, which requires specific technological and organizational
resources for successful adoption, e.g., knowledge manage-
ment [4], information processing capability [5], and digital
networking [6]. In some instances, companies need to radically
change individual mindsets [7], the organizational design [8],
and the corporate strategic vision while implementing modern
technologies that support new business goals and customers’
requirements [9].

Accordingly, academic research on the question of what
drives digital technology adoption has increased in recent years.
Kammerlander et al. [7] emphasized the importance of the fit
between digital technologies and organization members’ iden-
tity perception; for example, in terms of customer expectations.
According to Li et al. [5], organizational mindfulness toward
digital transformation is a prerequisite to digital technology
transition. Verhoef et al. [6] argued that the strategic imperatives
of digital transformation are digital resources (e.g., big data
analytics capability), an organizational structure that adapts to
digital change and the existence of a digital growth strategy
within the company. Other studies emphasize the role of com-
petition, as well as customers’ and other stakeholders’ pressure
in prompting the firm’s decision to adopt digital technologies
[10], [11].

Despite the important advances in this research area, critical
gaps remain in our understanding of digital technology adoption
drivers, and it is challenging for managers to make decisions
on the potential adoption of digital technologies. In particular,
the academic literature on this topic is fragmented, with most
studies focusing on a specific category of digital technology
adoption drivers, i.e., organizational [5], technological [12], or
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environmental [13]. Other studies focus only on adoption drivers
of a specific technology, e.g., artificial intelligence (AI) [14],
social media [15], blockchain [12], or big data [16]. While
previous research has contributed to advancing knowledge in
this field, focusing on a specific category of drivers and/or a
specific technology would limit the generalizability of results
and prevent academicians from building a theory of digital
technology adoption, which is considered a milestone of digital
transformation [17].

To fill these gaps, we aim to address three categories of digital
technology adoption drivers: organizational, technological, and
environmental, as identified by the technology–organization–
environment (TOE) framework. Examining various categories
of determinants would enable a better understanding of the
nature of digital technology adoption drivers and evaluate the
weight of each category. The core approach of this framework
relies on identifying the effects of internal factors (i.e., techno-
logical and organizational) and external environmental factors.
The use of an integrative model that combines various drivers
and a wide range of digital technologies would contribute to
building a theoretical framework on why SMEs adopt digital
technologies, and whether distinctive features influence digital
technology adoption in SMEs at different levels.

Data collected were used in 2020 from 15 346 SMEs em-
ploying one or more persons from the EU27 and additional 12
non-EU countries. The data focus on the triggers and challenges
that SMEs in Europe face when growing, transitioning to more
digitalization and innovative business models. An ordered logit
regression model was used to highlight the factors associated
with an increased level of digital technology adoption. The
findings emphasize the primacy of the technological and organi-
zational factors. In particular, results underline the opportunities
presented through digital tools exposure, firms’ innovation level
and the existence of corporate regulation enhancing digital tech-
nology adoption. Results also uncover the digital technology
challenges induced by a shortage of both human skills and
financial resources. Unexpectedly, the influence of the external
environment is shown to be marginal.

This research contributes to the increasing digital transforma-
tion literature by offering an integrative view of which factors
directly affect the adoption of digital technologies in SMEs.
Specifically, this research provides complementary evidence on
how the organizational context is combined and balanced with
additional technological and (to a lesser extent) environmental
contexts, to drive the digital transformation of SMEs.

As findings point to the role of internal factors (e.g.,
innovation rate, available skills, and internal regulation), this
research points to the need to expand the theoretical basis of
digital technology adoption by including theories from other
fields (e.g., the resource-based view and the dynamic capabilities
approach and organizational identity field), in addition to
technology-based theories. In practice, most SMEs are still
at an early stage of adopting advanced digital technologies
as they often do not have the resources and capabilities to
invest in recent technologies and need to be very efficient in
allocating their financial resources [18], [19]. While the resource
argument holds in the context of SMEs, other barriers should be

considered by academicians and policymakers. This research
has practical implications for managers in strengthening
technological resources and IT infrastructure, employees’
digital skills, innovation level, and corporate regulation in order
to enhance firms’ digital transformation.

The rest of this article is organized as follows. Section II
presents the literature review and the hypotheses. Section III
describes the research methodology, the data, and the model
used. Section IV presents the results. Section V discusses the
main findings. Finally, Section VI concludes this article.

II. LITTERATURE REVIEW

A. Theoretical Background

Technology adoption has been theorized at different levels
of analysis (individual, organizational, and interorganizational).
The technology acceptance model [20], the unified theory of
acceptance and use of technology [21], and the theory of planned
behavior [22] theorized the acceptance of information technol-
ogy at the individual level. The diffusion of innovation theory
focuses on both individual and organizational determinants of
technology adoption. Organizational aspects include: charac-
teristics of organizational structure, communication processes,
and internal resources [23]. According to these theoretical
frameworks, the technology adoption behavior is determined
by the performance expectancy (perceived usefulness), effort
expectancy (ease of use), and social influence. From a different
perspective, the institutional theory emphasizes the role of the
external environment in shaping technology adoption behavior
[24]. According to the institutional theory, the adoption process
is greatly affected by normative institutional pressures [13],
i.e., political and social sources [25], [26], including interaction
with customers, competitors, trading partners, and governments,
which can potentially affect a firm’s decision to adopt digital
technologies.

The literature review reveals a number of studies that focused
on a specific category of factors driving organization adoption
behavior. Kammerlander et al. [7] examined the fit between
digital technologies and organizational identity as perceived by
firm members, as organizational identity might be challenged
(or enhanced) by the adoption of disruptive innovation. Dig-
ital technology adoption might be contradicted, for example,
by customers being conservative with regard to digitalization.
According to the authors, innovation adoption is likely to occur
when corresponding adaptations do not contradict their domain
identity (the value delivered to customers) nor their role in the
industry (leaders versus followers). Moreover, Li et al. [5] argued
that organizational mindfulness (the ability of companies to cap-
ture and respond to emerging threats) raises the ability of compa-
nies to effectively deploy their organizational resources to better
implement digital technologies. Verhoef et al. [6] examined the
prerequisite for the digitalization of companies. They under-
line a number of factors: the existence of specific capabilities
(digital agility and digital networking capability) and resources
(digital assets), flexible and agile organizational structures that
allow adaptation to change, and the use of digital platforms
as a digital growth strategy. The importance of adaptation has
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been emphasized in innovation literature (e.g., [27]). From the
same perspective, recent studies examined the organizational
readiness for technology adoption defined by the degree to
which an organization is ready to digitally transform the current
organization [28]. Nguyen et al. [28] conceptualize readiness
for technology adoption at three levels: assets, capabilities, and
commitment (organizations’ support for innovation initiatives).
Jöhnk et al. [29] identified five AI readiness factors (strategic
alignment, resources, knowledge, culture, and data). From a
different perspective, previous research also shows that digital
technology adoption can be driven by customer needs (improved
customer service, new product offerings, tailored services, and
better management of customer relationships) [2]. Some firms
also use digital technologies to communicate a positive image
of the firm being digital and innovative [11]. Also, suppliers as
(potential) partners might be a driver for digital technology adop-
tion. In the supply chain literature, existing research shows that
firms are incited to adopt digital technologies implemented by
other supply chain partners in order to optimize their operations
and improve their communication [30]. Moreover, digital tech-
nologies offer the potential to help firms significantly outperform
competitors by reducing their costs (e.g., reduced paperwork
and error rates), optimizing their business models, improving
their marketing efforts, human resource management [10], and
increasing their collaboration with geographically distributed
manufacturing entities [31]. As an illustration of competition
pressure, Hänninen et al. [32] showed that multisided platforms
are affecting the retail sector in a way that makes traditional
retailers struggle to compete against this new form of business
and remain relevant amidst this new digital competition.

Although this body of research has considerably improved our
understanding of digital technology adoption drivers, it does not
provide a full picture of the phenomena. Most works focus on
either organizational, technological, or environmental factors.
To overcome the subsequent fragmentation of the literature in
this field, the TOE framework could be useful. The TOE model
proposed by Tornatzky et al. [33] has been recognized to have
superior strength over other models of technology adoption [19],
[34] as it offers an integrative view of digital technology adoption
drivers and allows a comparison between different categories
of drivers, i.e., whether these factors affect digital technology
adoption at the same level.

The TOE framework has recently been used in the context of
a specific digital technology. For example, Abed [15] examined
the factors that affect the intention of SMEs to use social com-
merce (social media and e-commerce applications) and found
that the environmental context (the effect of consumer pressure
and the effect of trading partners’ pressure) had the most signifi-
cant influence on the intention to use social commerce by SMEs,
compared with organizational and technological factors. Sun
et al. [35] found that the technological context (technological
resources and competence) is the most influencing factor in an
organization’s adoption of big data. From the same perspective,
El-Haddadeh et al. [16] found that technological drivers (tech-
nology perceived benefits and technology complexity) directly
enhance the adoption of big data for the realization of social
goals, whereas organizational and environmental factors have

an indirect effect by increasing top management support for
technology adoption. Based on a conceptual framework, Yang
et al. [11] stated that technological intelligence (the degree of
intelligence of digital technology) and supply chain cooperation
are two important factors of digital technologies for supply chain
management. Chen et al. [14] underlined different aspects of
AI adoption that are related to AI attributes (e.g., compatibility
and complexity), organizational capabilities (e.g., managerial
support), as well as external environment (e.g., competitive
pressure and market uncertainty). According to Liang et al.
[12], the intention to adopt blockchain technology is shaped
by functional and symbolic benefits, which are influenced by an
existing fit between technology and environment, on the one
hand, and technology and task, on the other hand. Mittal et
al. [36] reviewed smart manufacturing (SM) and Industry 4.0
maturity models and investigated the triggers of SM adoption
in SMEs (including the use of digital threads and big data).
Research shows that the adoption of SM/Industry 4.0 depends on
organizational cultural mindset change reflecting the willingness
of the firm to pursue the shift toward Industry 4.0.

While combing different categories of factors to explain
digital technology adoption, these studies focus on a specific
technology making the generalizability of results difficult. Our
study aims to fill this research gap by examining different drivers
and the adoption of a wide array of digital technologies by SMEs.

In the following section, the impact of the environmental,
organizational and technological contexts on the adoption of
digital technologies in SMEs was hypothesized.

B. Hypotheses Development

1) Business Environment and Digital Technology Adoption:
The environmental context consisting of the arena where a firm
conducts its business is expected to affect the organizational
decision to adopt technology innovation. The role of the external
environment has been highlighted in previous research in the
innovation literature [37] arguing that environmental changes,
coupled with environmental uncertainty, challenge traditional
business models and are critical triggers of innovation [69]. The
business environment refers to external pressures and/or support
for adoption, such as industry characteristics, market structure,
competition [11], government regulation [13], and business
infrastructure [12]. This dimension refers to the paradigmatic
changes triggered by disruptive digital competitors and tech-
nologies, and changing consumer behavior [1], [38].

Collaboration with business partners is an argument cited in
the literature on technology adoption. Coping with technological
advances and keeping close cooperation with external partners
are the main external drivers for many firms adopting digital
technologies [39]. When a core player decides to use a particular
digital system, other partners usually face the pressure of adapt-
ing to that system [40]. Another external driver comes from com-
petition [6], [10]. Adopting digital technologies is regarded as
an approach to enhancing firms’ competitiveness. Indeed, most
firms tend to adopt digital technology if they see competitors
adopting it, as they believe that it is the orientation of the whole
industry [10]. Many firms have been exploring how to use faster,
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more accurate digital management systems to facilitate lean and
agile activities and stay competitive [11]. Relatedly, previous
studies show that the regulatory environment at the national level
can promote the development of digital technologies as entire
industries, e.g., big data [35] and AI industries [14]. From this
point of view, continued government support encourages firms
to embrace new digital technologies.

The following is hypothesized.

Hypothesis 1: External resources available to SMEs within the
business environment triggers their organizational decision to adopt
digital technologies.

2) Organizational Factors and Digital Technology Adoption:
The organizational context refers to the internal characteristics
and resources of the firm. It is defined as formal and informal
resources that reinforce the adoption of technologies, such as
top management support [14], human skills and competencies
[11], [41], and financial resources [29].

Digital technology adoption has strategic and operational
drivers [42]. Many SMEs are actively developing digital strate-
gies as part of their core business orientation. They believe that
adopting digital technologies has the potential to trigger both
incremental and disruptive innovation [11]. The adoption of
digital technologies is also largely driven by internal operational
problems. In particular, there is a greater need for firms to
gain new business insights, unravel strategic information [2],
communicate with internal and external stakeholders [43], and
cut down operational costs [36].

Moreover, in order to achieve beneficial digital adoption,
digital transformation requires specific organizational resources
[1], [7]. Technological competencies, digital resources, support
from top management, and organizational structure have been
shown to influence an organization’s decision to adopt digital
technologies [6] and [35]. Van Zeebroeck et al. [44] observed a
strong positive association between the scope of strategy change
and the stage of digital technologies adoption, suggesting the
existence of a link between technological structure and strategy.
Besides, management support is a critical determinant of digital
technology adoption. Supportive attitude and policies, allocation
of financial resources [45], the existence of a strategic roadmap
for digitalization processes are critical to the adoption decision.
Relatedly, the adoption process usually involves changes in
business tasks and processes, which might cause internal resis-
tance. Indeed, Warner and Wäger [1] argued that rigid strategic
plans, a high level of centralization and resistance to change
are important internal barriers to digital transformation. Also,
management support for digital security and privacy is shown
to be an influential organizational factor for a firm’s digital
technology adoption [46].

Recently, capability building for digital transformation has
received growing scholarly attention [1]. Dynamic capabilities
are innovation-based and provide the capacity to create, extend,
and modify a firm’s resource base [47]. In particular, it has been
reported that firms need to build strong dynamic capabilities to
rapidly create, implement, and transform their business models
to remain relevant in the emergent digital economy [48], [49].

In this perspective, digital technology adoption challenges may
result from a shortage of employees and management skills [50].

In addition, regulation at the organizational level is recognized
as a determinant of digital technology adoption. For example,
corporate social responsibility is considered a form of corporate
self-regulation that integrates into the firm’s existing business
models [46]. According to Ghobakhloo [46], corporate social
responsibility policy ensures the firm’s preservation of ethics
and social norms, and clarifies the firm’s relationships with
its stakeholders (customers, business partners, local and global
communities, etc.). Top management support plays a key role in
facilitating value creation from digital technology adoption for
the realization of sustainable development goals (SDGs) [16].
Some firms adopt digital technologies as part of their sustain-
ability strategy. For example, firms utilize digital technologies
(e.g., big data) to help them implement SDGs and monitor their
progress [16].

Finally, an organizational context that supports innovation and
fosters change is expected to enhance new technology adoption.
Top and middle management can encourage innovations that
further the firm’s core mission and vision [51]. Their role in
promoting innovation includes communication about the impor-
tance of innovation and its role within the firm’s overall strategy
as well as rewarding innovation behavior among subordinates.

Hypothesis 2: The availability of internal resources enhances the
firm’s decision to adopt digital technologies.

Hypothesis 3: The level of innovation introduced is positively asso-
ciated with the adoption of digital technologies.

3) Technological Factors and Digital Technology Adoption:
The technological context refers to current practices and equip-
ment internal to the firm, as well as the set of available tech-
nologies external to the firm [24], [52]. The digital transforma-
tion offers additional relevant technologies, such as big data,
blockchain, AI, machine learning, cloud computing, or social
media applications.

The adoption of digital technologies depends on their per-
ceived benefits/value. Firms adopt new information technol-
ogy only if they perceive that the new technology can bring
business opportunities or overcome existing deficiencies [35],
[53]. According to Oliveira et al. [54], when the benefits of
the technology exceed existing practices and processes, the
adoption of the technology (cloud computing) is likely to occur.
The perceived value of the new technology also depends on
technology complexity, compatibility of the technology with
the organizational previous practice [53], [55], and technology
trialability, i.e., the ability to experiment with the performance of
the new technology [12], [56]. At the adoption stage, perceived
benefits relate to the experienced advantages and the value that
have been delivered to the organization by already implemented
digital technologies [57].

In addition to perceived potential advantages, the existence of
an IT infrastructure and preexisting digital technology exposure
are two important drivers of digital technology adoption and
digital transformation [5], [16], [50]. In this perspective, cyber-
security maturity and digitalization maturity are recognized to
influence the decision of SMEs to adopt digital technologies
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Fig. 1. Conceptual model.

[46]. Digital maturity refers to “a firm’s capability to pur-
posefully leverage digital technologies, channels, and skills in
support of transforming its processes, talent engagement, and
production models” [46], p. 2392). Digital maturity enables
firms to effectively benefit from digital technologies in order
to reshape their organization’s business models. Similarly, an
integrated cybersecurity system that ensures the security, safety,
and reliability of communications is indispensable and helps
increase the perceived value of digital technology adoption [58].
In a similar perspective, Neumeyer et al. [59] highlighted the
relevant role of technology literacy to foster technology adoption
for entrepreneurship and innovation.

Overall, to achieve their full potential, digital technologies
need a high level of related technology resources. SMEs with
more extensive technology resources can provide a facilitating
platform that smooths the adoption of new technology innova-
tion. Technology resources refer to the existing level of IT infras-
tructure available to firms, such as computer hardware, software,
and linkages [60]. Technology resources also include human
IT resources and IT-enabled intangibles [61], which shape the
speed of adoption by allowing firms to quickly reconfigure or
implement the new digital technology resources [5].

Thus, the following hypothesis is proposed.

Hypothesis 4: The level of existing digital tools is positively linked
to digital technology adoption.

In Fig. 1, our conceptual developments are summarized as
follows. The business environment represents external triggers,
including business infrastructure, availability of external re-
sources, and access to collaboration partners, which enhance
the adoption of digital technologies. The model also specifies
two core categories of enablers—organizational environment

(including organization internal resources, skills, corporate reg-
ulation, and innovation level) and technological resources that
refer to the level of digital tools and IT infrastructure available
within the firm.

III. METHODOLOGY

A. Data Collection

To test our research hypotheses, a dataset collected in Europe,
namely the Eurobarometer 486, was used. The survey was
conducted in the EU27 and an additional 12 non-EU countries,
and focuses on the barriers and challenges that SMEs in Europe
face when growing, transitioning to more digitization. The sur-
vey collected responses from 15 346 telephone interviews with
SMEs employing one or more persons between February 19 and
May 5, 2020.

B. Variables

1) Dependent Variable: The level of digital adoption is the
dependent variable. In the Eurobarometer 486, individuals were
asked, using a four-point Likert scale, about their firm’s approach
to digital technologies. The variable equals 3 if the firm adopts
advanced technologies, 2 if it adopts basic technologies, 1 if
there are difficulties to adopt digital technologies, and 0 if no
digital technologies are adopted. Table I tabulates the dependent
variable.

2) Independent Variables: Independent variables in our
model are related to internal challenges the firm can face (fi-
nancial, regulatory, innovation, access to data, payment delays,
skills, etc.), the level of innovation, the business environment,
and the availability of digital tools.
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TABLE I
DEPENDENT VARIABLE

Business environment: Respondents were asked to rate the
business environment according to the overall strength and
performance of the regional business environment, access to
private and public finance, quality of support services provided
by private and public actors, access to and collaboration with
business partners (including other firms, public sector, educa-
tional institutions, and research organizations), availability of
staff with the needed skills (including managerial skills), legal
and administrative environment, and infrastructure for business,
such as available office space and Internet connectivity.

Organizational environment: Respondents were asked about
internal barriers to digitalization that the firms can face: the
measurement items relate to innovation, regulatory obstacles
or administrative burden, access to data, internationalization,
access to finance, payment delays, skills including managerial
skills, and difficulties with digitalization. The respondents were
asked to indicate up to three key areas which represent the
biggest problems for the firm.

Availability of digital tools. Respondents were asked to spec-
ify the digital technologies adopted to date: AI (e.g., machine
learning or technologies identifying objects or persons), cloud
computing (i.e., storing and processing files or data on remote
servers hosted on the internet), robotics (i.e., robots used to
automate processes, for example, in construction or design,
etc.), smart devices (e.g., smart sensors, smart thermostats, etc.),
big data analytics (e.g., data mining and predictive analysis),
high-speed infrastructure, and blockchain.

Innovation: Respondents were asked if the firm had intro-
duced an innovation during the past 12 months. The variable
equals 1 if yes, and 0, otherwise. The innovation adopted can
be: a new or significantly improved product or service to the
market, a new or significantly improved production process or
method, a new organization of management or a new business
model, a new way of selling the goods or services, an innovation
with an environmental benefit, including innovations with en-
ergy or resource efficiency benefit, and social innovation, such as
new products, services or processes that aim to improve society
or any other type of innovation.

3) Control Variables: The firm’s size, growth, location, and
country were controlled, as they have been shown to have an
influence on firm innovation in previous literature (e.g., [62]).
The firm’s size is measured as follows: very small firm if less than
ten employees (60.24% of the sample), small firm if the number
of employees is between ten and 49 (21.17%), medium firm

if the number of employees is between 50 and 249 (14.41%),
and big firm if the size is more than 249 (4.18%). The firm’s
growth is measured by the increase in the number of employees
and turnover since 2016. The variable growth_employees takes
the value 0 if the number of employees has decreased, 1 if the
number of employees remains stable, 2 if it has grown by less
than 30%, and 3 if it has grown by at least 30%. The variable
growth_turnover takes the value 0 if the turnover has decreased,
1 if the turnover remains stable, 2 if it has grown by less than
30%, and 3 if it has grown by at least 30%. A set of mutually
exclusive binary variables are used for a geographic area: large
town/small town and rural area/industrial area.

Tables II and III provide, respectively, a summary of the
independent variables used in the model and the descriptive
statistics of dependent and independent variables.

C. Model

The data analysis has followed different stages. A descriptive
analysis and a univariate analysis were performed to explore the
sample profile, and then multivariate analysis techniques and
ordered logit regression were applied to address the research
questions.

The steps involved in data analyses using Stata Software are
introduced in the following.

1) Ordered Logit Model: Because the dependent variable is
ordered (no adoption, difficulty to adopt, adoption of basic tech-
nologies, and adoption of advanced technologies), an ordered
logit regression was used to estimate the following models:

Yi = Businessi β1 + εi (1)

where Yi is the level of digital adoption of firm i, Businessi
indicates the rating of the business environment, β is the vector
of coefficients, and εi is a normally distributed random error
term.

Yi = Internali β1 + εi (2)

where Yi is the level of digital adoption of firm i, Internali
indicates the areas that pose problems for the enterprise, β is the
vector of coefficients, and εi is a normally distributed random
error term.

Yi = Innovationi β1 + εi (3)
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TABLE II
DESCRIPTIONS OF INDEPENDENT VARIABLES

where Yi is the level of digital adoption of firm i, Innovationi
indicates the type of innovation introduced during the last year,
β is the vector of coefficients, and εi is a normally distributed
random error term.

Yi = Toolsi β1 + εi (4)

whereYi is the level of digital adoption of firm i, Toolsi indicates
the type of digital technologies adoption, β is the vector of
coefficients, and εi is a normally distributed random error term.

Yi = Businessi β1 + Internaliβ2 + Innovationiβ3

+ Toolsiβ4 + εi (5)

where Yi is the level of digital adoption of firm i, Businessi
indicates the rating of the business environment, Internali indi-
cates the areas that pose problems for the enterprise, Innovationi
indicates the type of innovation introduced during the last year,
Toolsi indicates the type of digital technologies adoption, β is
the vector of coefficients, and εi is a normally distributed random
error term.

Yi = Businessi β1 + Internaliβ2 + Innovationiβ3

+ Toolsiβ4 +Xiβ5 + εi (6)

where Yi is the level of digital adoption of firm i, Businessi
indicates the rating of the business environment, Internali indi-
cates the areas that pose problems for the enterprise, Innovationi
indicates the type of innovation introduced during the last year,
Toolsi indicates the type of digital technologies adoption, Xi is

a vector containing the values of the size, the location, and the
growth of the firm, β is the vector of coefficients, and εi is a
normally distributed random error term.

Yi = Businessi β1 + Internaliβ2 + Innovationiβ3

+ Toolsiβ4 + Ziβ5 + εi (7)

where Yi is the level of digital adoption of firm i, Businessi
indicates the rating of the business environment, Internali indi-
cates the areas that pose problems for the enterprise, Innovationi
indicates the type of innovation introduced during the last year,
Toolsi indicates the type of digital technologies adoption, Zi is a
vector containing the values of the size, the location, the growth,
and the country of the firm, β is the vector of coefficients, and
εi is a normally distributed random error term.

IV. RESULTS

The results of the logistic regressions are reported in Ta-
ble IV. Because cross-sectional data were relied upon, it was
not possible to account for endogeneity among the variables and
the links between variables are correlational. The relationship
between variables is explained instead of causality. To ensure
the robustness of our results, seven model specifications were
performed, showing the results in blocks. The largest VIF ranged
from 1.01 to 2.02, and the average VIF ranged from 1.01 to
1.56. Since none of the VIF values exceeds 10 and none of
the average VIF exceeds 6, it was concluded that there was no
multi-collinearity problem.
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TABLE III
DESCRIPTIVE STATISTICS

The first model gives results using the business environment
as the only independent variable. The second model introduces
internal environment variables measures. In the third model,
the link of digital adoption with the innovation variable was
measured. In the fourth model, digital tools available are in-
cluded. In the fifth model, all the variables of interest are tested.
In the sixth model, the control variables are added, and in the

last model, the country is added. Empirical findings from these
models show substantial robustness across the seven performed
model specifications.

According to Table IV, Model (1) shows that regarding the
business environment, finance (β= .076, z=3.59; p< .01), part-
ners (β = .049, z= 2.10; p< .05), skills (β =−.047, z=−2.55;
p < .05), and infrastructure (β = .122, z = 5.47; p < .01)
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TABLE IV
DIGITAL ADOPTION—ORDERED LOGISTIC REGRESSION RESULTS

have significant link with digital adoption meaning that business
environment is linked to digital adoption. Model (2) reveals
significant links of regulation (β= .168, z= 5.73; p< .01), inter-
nationalization (β= .219, z=3.82; p< .01), finance (β=−.214,
z=−5.93; p< .01), and skills (β= .208, z= 5.71; p< .01) with
digital adoption reflecting that some internal factors are linked to

digital adoption. Model (3) indicates a significant link between
innovation and digital adoption. Model (4) reveals a significant
link between all the digital tools and digital adoption.

Model (7) shows that, concerning the impact of the business
environment context, only business infrastructure has a positive
and significant predictive power of digital adoption (β = .043,
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z = 1.82; p < .1); meaning that the business infrastructure is the
most relevant external trigger of the adoption decision. As far
as the internal environment is concerned, the regression model
results show that corporate regulation (β = .086, z = 2.66;
p < .01) and human skills (β = .084, z = 2.08; p < .05) have
positive and significant links with digital adoption, emphasizing
that firms adopting the most advanced digital technologies have
a high level of skills to deal with new technologies, as well as in-
ternal laws/norms that enhance new digital technology adoption.
Financial difficulties are negatively linked to the dependent vari-
able adoption (β =−.095, z =−2.40; p < .05) meaning that the
lack of financial resources is one of the most important barriers
to the adoption decision. The innovation level is positively linked
to digital technology adoption (β = .302, z = 9.45; p < .01),
showing that firms adopting digital technologies are those who
have the highest rates of innovation. Finally, digital tools are pos-
itively linked to the dependent variable adoption: AI (β = .466,
z= 6.47; p< .01), cloud (β = .440, z= 13.27; p< .01), robotics
(β= .319, z= 4.76; p< .01), smart (β= .266, z= 6.94; p< .01),
big data (β = .467, z = 8.61; p < .01), infrastructure (β = .389,
z= 10.40; p< .01), and blockchain (β= .240, z= 2.43; p< .05).
This result shows that firms who are familiar with digital tools
are more likely to adopt recent digital technologies. In partic-
ular, technology infrastructure, as a technology resource, has
been shown in our findings to be an important driver of digital
technology adoption. Digital technology infrastructure aims to
secure the firm’s information, ensure higher data processing
capacity, and enable a superior overall technology that is ap-
propriate for the firm’s business [63]. At a strategic level, digital
technology infrastructure includes the existence of policies that
secure the integration of digital technologies throughout the
organization [46].

Taken together, the results of this study demonstrate that
digital technology adoption is predominantly shaped by two
contexts: the technological and the organizational. The environ-
mental context is shown to have little influence on the adoption
decision.

With regard to the firm size, results show a positive and
significant link. This result corroborates studies arguing that
larger firms are more likely to adopt technology innovation
because they have more resources and capabilities to support the
digital technologies adoption process [64]. Larger companies
can absorb risks and initial costs [65], [66], and tend to be
innovators in technology [67]. Results also indicate that digital
technologies have more potential to be adopted by firms who are
located in a large town (as compared with those in a small town),
and by those who have the greatest turnover. Finally, it was found
that, in comparison to the reference country – France, firms
operating in The Netherlands, Italy, Finland, Sweden, Estonia,
Croatia, Serbia, Norway, and Bosnia and Herzegovina adopt
more advanced digital technologies, whereas individuals living
in Denmark, Ireland, Greece, Spain, Czech Republic, Latvia,
Bulgaria, Romania, Japan, USA, Brazil, and Canada adopt less
advanced digital technologies.

V. DISCUSSION

Decisions regarding whether or not to adopt digital technolo-
gies are of strategic importance to SMEs’ growth and survival.

Our paper aims to offer an integrative view of what factors
directly affect the adoption of digital technologies in SMEs while
considering a wide range of technologies.

Our findings show that digital technology adoption is promi-
nently driven by internal factors. Indeed, the adoption decision
is dependent foremost on the technological context (the existing
IT infrastructure and previous digital technology exposure of
organization members), followed by the organizational context
(i.e., innovation rate, employee skills, corporate regulation, and
financial resources). The external environment is shown to have
the lowest impact on the level of digital technology adoption.
Indeed, only business infrastructure is perceived as a significant
driver. No significant evidence was found of the impact of pres-
sure from external partners. This finding is counterintuitive, as
previous research underlined the relevance of external partners
(e.g., customers and competitors) in the decision to adopt spe-
cific digital technologies, e.g., blockchain [12] and social media
[15]. One explanation for this divergent result could be that
the adoption of certain types of technologies may occur under
external pressure, given, for example, data security concerns
(e.g., blockchain) or the emergence of disruptive competing
business models (e.g., social media commerce).

Furthermore, among organizational drivers, the significant
impact of corporate regulation (internal norms and laws) is
particularly relevant as this finding is in line with increasing
research emphasizing the importance of cultural and identity
aspects when adopting digital technologies, e.g., culture of
innovativeness [29], role and domain identity (self-image) that
makes the organization different from the others in the eyes
of its members [7], and a culture of knowledge sharing [36].
Corporate regulation has been associated with corporate social
responsibility to the adoption of Industry 4.0 technologies [46],
which offer immense opportunities for the realization of sus-
tainable manufacturing. Our findings echo this argument and
lend empirical support to corporate regulation as a driver of
digital technology adoption. Also, the positive association be-
tween employee skills and financial resources, on the one hand,
and technology adoption, on the other hand, is supported by
previous work highlighting the importance of digital assets [6]
and capabilities [1], [14] for firms aiming to transform digitally.

Interestingly, the most significant association among orga-
nizational drivers is between the existing level of innovation
and digital technology adoption. At a similarly high level is
the association between the technological drivers (i.e., existing
level of digital tools and IT infrastructure) and digital technology
adoption. This result offers relevant insights into the investigated
topic. Indeed, this result suggests that the main driver of tech-
nology adoption is “organization preparedness” for digitaliza-
tion. This result aligns with previous studies highlighting the
prominence of the technological and organizational aspects in
“organization readiness” to digital technology adoption, defined
by the degree to which an organization is ready to digitally
transform the current organization (e.g., [29], [50], and [68]).
This body of research put forward the relevance of available
resources and capabilities, knowledge, culture, existing data,
and the strategic alignment between technology adoption and
the business strategy.

In light of the discussed literature and our findings previously
described, it might be the case that companies in specific contexts



5040 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 71, 2024

may be prompted to adopt digital technologies under external
stakeholders’ pressure in order to be competitive [12], [15].
This may appear irrational and driven by mimetic behavior.
Therefore, previous studies, as well as the results of the current
research, refer to the importance of digital technology readiness
that depends on technological and organizational factors (see
[29] and [50]). As the digital adoption of companies in our
sample is driven by organizational and technological aspects,
a high degree of digital would be expected readiness for those
companies. In order to further advance our understanding of
digital technology adoption, it would be interesting to compare
the success of the adoption decision in firms having different
drivers (for instance external versus internal). This would in-
form managers about the relevance and the timeliness of their
adoption decision. Longitudinal studies would be helpful for this
purpose.

A. Implications for Theory

This study makes three contributions to digital transformation
literature. First, it contributes to advancing the conversation
related to factors that drive the organization’s decision to adopt
digital technologies. Although previous research has consider-
ably improved our knowledge on this topic, most studies only
provide a fragmented picture of the phenomena by focusing ei-
ther on organizational, technological, or environmental factors.
By considering different categories of drivers, it was possible to
notice the important weight of internal factors compared with
external ones. It was possible to demonstrate that the adoption
decision is foremost dependent on the resources and capabilities
available within the firm. These findings bring the discussion
on digitalization drivers into organization boundaries and open
the way for cross-fertilization between technology adoption
theories and other organizational theories (e.g., the resource-
based view and the dynamic capabilities approach) in order to
extend our understanding of the digital transformation process.
The need for more theories in the digital technology field is
recently underlined by academicians. Indeed, a recent systematic
literature review on digital technology adoption reveals that
amongst the selected 55 papers, only 22 of them discussed their
studies from a theoretical perspective [11]. This gap indicates
that more theoretical underpinnings are required in the field.
Second, contrary to previous research which has focused on a
unique digital technology (e.g., [12] and [35]), a large range
of technologies that are increasingly implemented in SMEs
(AI, blockchain, cloud, etc.) was targeted. This would allow
the generalizability of the results and ultimately the building
of a theory of digital technology adoption. Third, quantitative
analysis from a large dataset across different EU and non-EU
countries was used. Our quantitative large-scale panel dataset
allowed us to complement existing qualitative and conceptual
work, which is likely to provide a better understanding of the
digital technology adoption decision.

B. Practical Implications

Overall, the factors identified provide guidance for practi-
tioners adopting digital technologies in SMEs, by suggesting

they assess the readiness of their firms before investing in
digital technology. For example, our findings indicate that the
potential benefit of a preexisting IT infrastructure for new digital
technology adoption has been realized by the participants in
this study. SMEs have to overcome the challenges associated
with constructing an IT infrastructure capable of implementing
new technologies. Indeed, while striving to adopt new digital
technologies (e.g., AI, Big data, IoT), many SMEs are still unpre-
pared. Therefore, rather than adopting mimetic behaviors based
on external pressure, SMEs that aim for digitalization should
first assess their existing technologies, and further develop a
meticulous technological roadmap that includes skills upgrades
and investments in upskilling employees’ capabilities. There-
fore, developing a fully integrated strategic approach is crucial
before the adoption of digital technologies. Finally, our results
highlight the need for firms to help their people embrace the
right behaviors and values for working in a digital environment.

In response to these challenges, national and international as-
sociations must develop digital technology supportive policies,
similar to what the OECD has initiated via the OECD Going
Digital Project awareness-raising program1 to stimulate the
digitalization of SMEs. Although the basic level of technology
resources, especially IT structure, could be sufficient for many
SMEs seeking to adopt recent digital technologies, our findings
suggest that firms should continue to build their technological
resources and competencies. For this purpose, more employees
with digital-related knowledge need to be recruited to facilitate
the adoption and implementation of new technologies. Firms
should also rise the digital awareness of their employees by
communicating values and regulations that enhance the adoption
and use of new technologies. Finally, SMEs should be able to
find the needed financial resources and prioritize their digital
transformation strategies, despite their resource constraints.

VI. CONCLUSION

Our current understanding of what drives SMEs’ digital
transformation is limited by the lack of integrative research
that covers issues beyond contextual imperatives (i.e., eco-
nomic, technological, legal, and financial infrastructure). Us-
ing a quantitative large-scale panel dataset across different EU
and non-EU countries, this study intended to complement the
existing qualitative and conceptual works on digital technol-
ogy adoption drivers. Investigating a variety of categories of
drivers allowed us to overcome the fragmented picture provided
by previous research that focused on separate aspects of the
adoption decision. Our research helps advance the conversation
on digitalization drivers especially by bringing the discussion
into the organization boundaries, as our findings highlight the
predominance of organizational drivers over the technological
and environmental ones. The engaged discussion opens the
way for cross-fertilization between technology adoption theories
and other organizational theories (e.g., the resource-based view
and the dynamic capabilities approach) in order to extend our
understanding of the digital transformation process.

1[Online]. Available: https://www.oecd.org/digital/going-digital-project/

https://www.oecd.org/digital/going-digital-project/
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As with every research, of course also this study is associ-
ated with several limitations opening opportunities for further
research that replicates and/or extends this study. Due to the
cross-sectional nature of data, it was not possible to identify
the causal relationship between environmental, organizational,
technological contexts, and digital technology adoption. Future
research should further study causality and identify heteroge-
neous digital adoption behavior between SMEs. Also, further
longitudinal research is needed that examines the influence of
drivers of digital transformation beyond the adoption decision
(e.g., by assessing the adoption success). In addition, longi-
tudinal studies would help understand the evolution of digital
technology drivers over time. Companies may be prompted to
adopt a digital technology under external pressure; however,
the adoption success will be contingent on their organizational
and technological readiness. In this perspective, “organizational
readiness” could be introduced as a moderator factor in order to
offer further insights on digital technology adoption outcomes.

Moreover, the identified digital technology adoption drivers
in this study provide a theoretical basis for further investigating
the intention to adopt digital technologies within SMEs. It is
deemed that future research can use the resource-based view and
dynamic capabilities theories to investigate skills and resources
to improve the capabilities of successful adoption of digital
technologies. Finally, the results of this study highlight the
need for further research on how corporate social responsibility
influences the organization’s decision on digital technology
adoption.
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