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ABSTRACT ARTICLE INFO
Digital Transformation (DT) has become crucial to growing and developing small and medi- Article history:

um-sized enterprises (SMLEs) worldwide. Integrating digital tools and technologies in SMEs Received January 7, 2024
will increase efficiency, productivity, and profitability. Adopting digital solutions can help Revised Noveml‘)er 99, 9094

SMEs become more competitive, enter new markets, and internationalize operations. How-
ever, in the real world, gaps that limit the ability of SMEs to integrate digital assets are still
observed, remarkably in small countries such as Portugal. This article aims to discover and
analyze how the managers of industrial SMEs in Northern Portugal face the DT process and
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modify their SMEs’ operations due to the DT process. Through semi-structured interviews Keywords:

and subsequent thematic analysis, this study fills a gap in empirical studies on mndustrial Industry 4.0;

SMEs passing through DT. It proposes a practical and foundational D'T" strategy for SME Small and medium-sized
managers. The findings demonstrate an informational deficit among managers and the sci- enterprises (SMEs);
entific field, with a need for conceptual clarifications. Nonetheless, the results of digital tool Empirical studies;
mtegration and their consequent changes offer clear advantages to SMEs that implement Industrial SMEs;

them. Therefore, besides a strategic proposal for SMEs interested in DT, this study raises Strategy

novel pertinent questions about DT in industrial SMEs.
*Corresponding author:
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1. Introduction rather than a replacement for human resources, mak-
g integrating technology, processes, and people essen-
tial [3]-[6]. 14.0 reshapes industrial value chains, driving

Companies must constantly innovate in today’s  efficiency, sustainability, safety, and quality improve-
competitive global market to ensure success [1], [2].  ments while reducing costs [3], [4], [7], [8]. However,

The 4th Industrial Revolution, or Industry 4.0 (I4.0),  many companies struggle with 14.0 adoption due to re-

presents new challenges and opportunities, demanding  sistance and resource constraints [3], [9], highlighting

a mindset shift where technology is viewed as an ally  the importance of Digital Transformation (D'T) [10].
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DT 1s a strategic, ongoing change driven by digi-
tal technologies, reshaping organizations to improve
performance and redefine value [1], [11]. This shift
enhances agility, flexibility, and responsiveness to
customer needs [3], [4], [12], [13], impacting all com-
pany levels, from production to top management [3],
[11]. Small and Medium Enterprises (SMLs), which
comprise 90% of businesses and 509% of global em-
ployment, have unique DT needs due to their agility
[3], [14], [15]. While DT can boost SME sustainabil-
ity, particularly with Lean integration, empirical stud-
1es are needed to understand DT success conditions
m SMEs, especially in smaller countries like Portugal
[11, [3], [12], [16], [17]. Portuguese SMEs cautiously
embrace DT to stay competitive, following trends in
other countries [1], [4]-[7], [18], [19]. Although eco-
nomic challenges have impacted these SMEs, post-
pandemic effects still need to be explored [20], [21].

This study investigates how Portuguese industrial
SME. managers approach DT, filling a research gap
and supporting DT planning. Interviews with five
SME managers from Northern Portugal revealed po-
tential discrepancies between academic recommen-
dations and management practices, prompting future
research and a proposed DT framework.

This paper comprises five sections: Section 2 re-
views relevant literature, Section 3 details the meth-
odology, Section 4 analyzes results, and Section 5
concludes and suggests future research.

2. Literature Review

Existing research on 14.0 in SMEs has largely fo-
cused on technologies, with limited attention to mass
customization and the need for a clear implementa-
tion methodology [22], [23]. While a solid founda-
tion for 14.0 exists, particularly in quality management
(QM), research on Industry 5.0 and its sociotechnical
approach still needs to be improved, with few stud-
les utilizing case studies, interviews, conceptual ap-
proaches, or reviews [3], [24]. Empirical research in
this area 1s particularly scarce [24].

14.0 allows SMEs to improve competitiveness and
expand market share [25]. However, SMEs face chal-
lenges in adapting to 14.0, particularly in selecting ap-
propriate tools and practices [25]. Barriers include
a need for more financial resources, digital strategy,
4.0 knowledge, skilled labor, standards, organization-
al resistance, and digital security [26]. Often, essential
prerequisites like mitial assessments and preparatory
steps are overlooked, resulting in a lack of actionable
guidelines. Additionally, the human factor and empir-

ical validation should be more frequently addressed,
calling for more comprehensive research [25].

Several studies have used the Resource-Based
View (RBV) theory to link Quality Management
(QM) with organizational outcomes, such as 1m-
proved performance through integrating quality and
sustainability strategies [9], [24]. RBV suggests that
firms gain a competitive advantage by leveraging valu-
able, rare, and non-substitutable resources [9]. In
the context of 14.0, SMEs with such resources and
a solid implementation plan are better positioned to
advance n 14.0. The ability to internationalize has
also been 1dentified as a key resource for achieving
a competitive advantage and progressing in 14.0 [9].

Previous studies have emphasized the importance
of digital strategies in SMEs’” DT, highlighting its mul-
tidimensional nature [12]. When combined with the
right cultural and capability enablers, these strategies
can enhance company performance [12]. Research
shows SMEs mainly adopt Io'T for monitoring, with
limited progress in intervention and optimization [8].
Additionally, most research has focused on initial
readiness for DT, with few studies examining actual
implementation outcomes [8].

A literature review on [4.0 maturity models found
that only seven studies mvestigated 14.0 maturity or
readiness models [1]. The main keywords used in
the review were “maturity model,” “readiness mod-
el,” “Industry 4.0,” “SMLE,” “Small Medium Enter-
prise,” and “Digital Transformation.” [1]. The review
concluded that there is a need for a comprehensive
model that not only offers more detailed granularity
than those presented in the literature, especially in
the early stages, while maintaining a holistic approach
to the concept, but also considers the obstacles and
challenges that SMEs face when implementing 14.0
mitiatives [1].

When conducting multiple case studies to vali-
date a smart manufacturing adoption framework for
SMEs, researchers ensure construct validity by having
SME respondents review the case analysis prepared
by the authors [27]. Since the study was not causal in
nature, internal validity was not required [27]. Simi-
larly, external validity, which aids in generalization,
was verified with the help of literal and theoretical
replication during the research design phase [27].
The reliability test was conducted as different team
members followed the same procedure and arrived
at similar results [27]. Triangulation was ensured by
using multiple sources of evidence to obtain data and
converge them into similar results [27].

To ensure the rehability of qualitative studies on
competency development and DT approaches, re-
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searchers must fully document the steps taken during
the analysis in a data framework, seeking to achieve
theoretical saturation [4]. This includes using a semi-
structured approach for workshops, in-person visits
to SMEs’ facilities for confirmation and triangulation
of the collected information, and multiple rounds
of coding mndependently conducted by two authors,
which are then reviewed and discussed among all to
identily any divergent interpretations and reach con-
sensus on how the data should be interpreted [4].

In conclusion, while existing 14.0 literature pro-
vides insights mto technology and quality manage-
ment for SMEs, critical gaps persist in areas like mass
customization, human factors, and framework vali-
dation. Challenges such as financial constraints, skill
shortages, and lack of clear guidelines still need to be
addressed. This study explores how industrial SME
managers in Northern Portugal navigate DT, propos-
ing a strategic framework to guide SMEs and advance
academic and practical understanding.

3. Methodology

To describe the realization process of the quali-
tative study presented here, we outline the seven
distinct steps of this study below:

Step I—Literature Search on DT: An ex-
ploratory literature review (LLR1) was conducted in
Google Scholar in May 2023 to develop the semi-
structured interview, while another review (LR2) was
done i October 2023 in Scopus, following PRIS-
MA guidelines [28] (Table A.1 in Appendix). The
keyword selection aligned with previous research
[1] and the PICO Framework [29]. Google Scholar
was Ideal for LR1 due to its broad coverage, includ-
ing grey literature and non-traditional publications,
which provided diverse and emerging research [30].
With its extensive peer-reviewed journals and cita-
tion analysis capabilities, Scopus was more suited for
LR2, offering precise and reliable data for a focused
review [30]. The LR2 search yielded 72 papers from
2015 to 2024, with 449 published m 2023-2024 (af-
ter the interview execution in this study), indicating
a growing interest in this topic (Figure A.1 in Ap-
pendix).

Step II—Development of Interview Guide
and Framework: A semi-structured interview guide
and a DT Framework for Industrial SMEs were de-
veloped based on insights from the LR1 and aligned
with the study’s objectives. The interview guide was
refined through expert review for content validity,
and a pilot test with a senior SME manager led to

further adjustments. The final interview guide had
the nine open questions presented as subtitles (Q1
- Q10) in the Results and Insights section. Open-
ended questions were chosen to allow participants
to provide rich, detailed responses that quantitative
scales like dichotomous or Likert scales may not
capture.

Step III - Criteria for SME Participation:
The selected SMEs were industrial companies based
in Northern Portugal that had already begun their
DT (DT) and integrated digital technologies into
their value chains. Interviewees were chosen based
on their direct imvolvement m or extensive knowl-
edge of the DT process. Each organization assigned
a suitable representative for the interviews. To main-
tain confidentiality, companies were anonymized as
Cl to C). Cl (ndustrial adhesives) nominated its
commercial director; C2 (uniforms), its operations
director; C3 (tools), its operations director; C4 (win-
dows), the CEO assistant; and C5 (robotics), its op-
erations director.

Step IV — Conducting Open-Response In-
terviews: Five iterviews were conducted at the
convenience of the interviewees, either in person or
online (C3, C4, C5 chose online). The semi-struc-
tured interviews followed a guide with nine ques-
tions, developed to align with the study’s goals and
validated by two academic experts. One researcher
conducted the mnterviews between July and August
2023, each lasting an average of 22 minutes. The
longest (C2) was 36 minutes, and the shortest (C3)
was 11 minutes. All interviews were recorded.

Step V — Thematic Analysis of Results: A
primary thematic analysis method was used to 1den-
tify patterns or “themes” in the interview responses
[31]. Thematic saturation and code consistency en-
sured comprehensive data collecion. We tracked
saturation through new codes, constant comparison,
saturation tables, and sample size guidelines. Code
consistency was maintained through codebook de-
velopment, double coding, regular meetings, and
test-retest rehiability [31].

Step VI - Refining the Framework: The
foundational framework for DT was expanded by
incorporating interviewees’ insights. The resulting
framework is presented in the Results and Insights
section.

Step VII - Conclusions and Future Re-
search: The study concluded with suggestions for
future research to address gaps in the literature on
the digital DT of industrial SMEs.
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4.Results

This section 1s organized in the same order as the
questions in the semi-structured interview; here, the
summarized analyses of the interviewees’ answers are
presented.

4.1 Q1 - How do you define DT, and how has
it been applied in the organization?

In summary, SME managers understand DT as
a transformation process from conventional/manual
methodologies to digital, whether a total or partial
transformation, carried out using digital tools. In
other words, they see DT as integrating/converting
various processes using digital tools within an orga-
nization. However, the literature presents a defini-
tion that, although not discordant, goes further, not
considering that process conversion is central to the
transformation. This conversion is regarded as a “dig-
italization,” not DT, a complex process that aims to
change an organization’s functioning almost wholly
[4, 12]. This 1s driven by digitalization (i.e., the simple
adoption of digital tools) [4, 12].

In practical terms, SMEs have a partial gap in their
understanding of a DT, which may have implications
at an operational level and 1s possibly one of the rea-
sons why divergences occur during this process in
different companies. These findings follow what was
observed by recent studies in the Basque Country,
Spain [4], and Canada [3].

4.2 Q2 - Why did you decide that DT was the
way forward?

In convergence with the literature, DT emerges in
the managers’ view as a path that aims to meet needs
and attenuate valences in different organizations. Not
only do companies recognize that DT is part of the
future, enhancing growth, helping to solve problems,
and presenting a sustainable basis to ensure that they
keep up with the market in which they operate [11,
12], but they also use this process and digital tools for
pressing needs [12].

4.3 Q3 - When did you start the process, and
when did it end (how long did it last)?

Some managers define a precise duration of their
DT, while others understand DT as a continuous,
not finite, process. These divergences are possibly
due to how DT 1s seen, carried out, and 1dealized

by different organizations. With this, it 1s possible
to observe that for the mnitial integration and use of
some of the tools that these companies consider to
be part of the core of their DT, there 1s a minimum
implementation time of one and a half years and a
maximum time of four and a half years. This marked
difference may arise from the context in which the or-
ganization operates, for example, in what it produces,
its size, 1ts resources, and urgency, or the complexity/
depth of its DT.

The literature points out various contextual fac-
tors that may influence the duration of DT, such as
firm sizes. Due to more limited resources, SMEs
may adopt a gradual approach and implement DT
I stages, extending the process over a longer period
[4, 15]. The availability of financial, technological,
and human resources directly impacts the speed and
scope of DT [4, 7, 15]. Also, the depth of changes,
the number of affected processes, and the integration
of different technologies influence the time required
for implementing DT [4, 15]. Additionally, the need
for rapid adaptation to new demands or the pursuit
of solutions for specific issues can accelerate the DT
[4, 15, 22].

Some companies agree with the literature, consid-
ering the DT process as interactive and continuous
[14 - 15]. It has a beginning but no defined end, rely-
ing on a constant search for tools and changes that
improve an organization. However, as this is a central
point of DT, the management of SMEs should have
it on a relatively basic bottom line.

As these results arise, new questions arise: “Do
SMEs understand DT as a stage?”’; “Do com-
panies that understand DT as something cir-
cumstantial consider it something to start
over and end according to the supply of needs
or the existence of resources?”’

In practice, the management of SMEs needs to
understand that DT 1s a continuous and interactive
process, which, although it can be divided into proj-
ects or stages of finite duration, should, in essence, be
considered as something ongoing, a constant search
for tools that allow an increase in agility, productivity,
assistance in solving problems and supply of needs.
Thus ensuring the continuous presence of iInnovation
that enables the creation of foundations for the future
and a continuity of competitiveness in the market in
which they operate.
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4.4 Q4 - Was there any specific
methodology/strategy used?

While some companies employed varying levels
of planning in executing their DT, none used a spe-
cific strategy or methodology. Some sources confirm
a lack of maturity models and roadmaps for 14.0
mmplementation and evaluation, especially for SMEs,
pointing to the need for a comprehensive model that
considers SMEs’ challenges in 14.0 mitatives [1, 15].
Conversely, other sources present methodologies for
managing DT m SMEs, proposing specific actions
for different stages [3, 9, 15, 22]. For example, one
source suggests a six-step 14.0 methodology validated
for SMEs [22], while another emphasizes adopting
strategies based on tools and goals suited to each
company’s needs [3]. Additional sources recom-
mend assessing each company individually to tailor
the 14.0 strategy accordingly [1, 3, 9, 15], and one
describes an 14.0 transformation management meth-
odology validated by experts [15].

The references agree on the importance of adapt-
mg DT strategies to each company’s unique needs,
with proposed frameworks providing tools and steps
tailored to SMEs’ contexts. This literature gap under-
scores the need for further research, particularly to
develop approaches and tools that help SMEs imple-
ment DT effectively. This study concluded that Por-
tuguese manufacturing companies have no introduc-
tory DT methodologies, leaving companies guided
by their specific needs, resources, and objectives.

With this, it 1s observed that there 1s a gap mn the
academic literature regarding the strategies for the
realization of DT in industrial SMEs. To assist, facili-
tate, and standardize, to a certain extent, the planning
of SMEs in the realization of DT, the authors pres-
ent, therefore, a possible basic strategy that intends
to fill this gap but advises the realization of more ex-
tensive studies on this specific topic, to find out if this
proposition is valid and reliable.

4.5 Q5 - What are the biggest challenges/
obstacles during DT?

Managers stated that companies face different
challenges during their DT, possibly due to the vari-
ous contexts in which they operate [1, 3, 4]. There-
fore, one of the most frequent challenges is the need
for upskilling [4, 14]. The lack of information, resis-
tance to change, the difficulty of obtaining external
partnerships [3, 4] and aligning objectives by senior
management, department directors, and employees

[15], and the costs associated with starting and carry-
ing out a DT [3] are also factors seen as challenges/
obstacles to the process in question.

Contradictory to the literature, respondents did
not mention “Lack of Standards and Legislation”
and “Information Technology Security Issues” [26]
as a pressing concern for their organizations. Anoth-
er source [21] emphasizes standards, legislation, and
data security as significant barriers to implementing
14.0, particularly regarding sustamability. It under-
scores the role of cybersecurity in DT, explicitly iden-
tifying data security as a challenge for 14.0 adoption
due to vulnerabilities to attacks and the need to pro-
tect information privacy. The discrepancy between
the literature and findings may stem from contextual
differences among the companies analyzed.

Thus, other questions arise that can be analyzed
in future studies regarding the topic: “How to avoid
these obstacles?”’, “How can we solve or miti-
gate them?”, “How do SME:s obtain or provide
information about DT and its challenges?”’

4.6 Q6 - How has digital transformation
affected the company at a hierarchical,
cultural, organizational, and employee
mindset level?

The answers provided show no absolute conver-
gence of results. Only two of the five companies in-
terviewed stated that notable organizational changes
were needed, like in [3] and [12]. Only in one com-
pany have profound changes been found at the cul-
tural/mindset level, in the hierarchical structure, and
the production processes, that is, a holistic transfor-
mation, like in [3] and [6].

The managers’ views diverge from the literature,
which generally emphasizes the need for a holistic
transformation, whereas most investigated firms fo-
cus on more superficial changes. This gap between
theory and practice may stem from academic sources
promoting an ideal of DT that does not fully align
with SME realities. Most investigated firms show less
profound organizational changes, concentrating on
digital tools, which may reflect differing definitions
of DT among SMEs. This theoretical-practical gap
aligns with the literature, suggesting a tendency to-
ward “digitalization” rather than the entire DT [12].

Therefore, these results raise new questions:
“Is there distancing from DT in theory and
practice?” and “Are most industrial SMEs in
Northern Portugal carrying out a digitaliza-
tion and not a DT in practice? Does this hap-
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pen in other countries?”’; “Is the DT phenom-
enon necessary in the investigated context?”’;
“Is there a possibility that the changes in
question will arise naturally with integrating
digital tools into the value chain?”.

Therefore, there 1s possibly a need to better de-
fine DT at a conceptual level, both m practical and
theoretical terms and for further conceptual clarifi-
cation of what DT and digitalization are. This dis-
tinction may be necessary in business to carry out a
more complete, deep, and conscious DT. With this
distinction, there is a possible introduction of infor-
mation regarding potential and perhaps beneficial
organizational changes companies can make during
a DT.

4.7 Q7 - What new technologies have you
decided to integrate into the organization?

Fach company, possibly due to its resources but
in particular to its needs, operational context, and
what it produces, has integrated different digital tools.
‘With this, there 1s a point of convergence: they all use
data analysis tools. It 1s also observed that SMEs in
Northern Portugal use IoT and robotics and plan to
adopt Al, purchase/integrate additive manufacturing,
and integrate robotics in CNC milling machines. As
observed in the literature [1, 6, 9], these technologies
are considered emerging digital tools and are part of
14.0.

However, nearly all companies also use ERP and
CRM software. While essential to organizations and
14.0, these tools are not strictly emerging technolo-
gies, as their widespread use dates back over two de-
cades. This shift may reflect the evolution of the 14.0
concept; mitially focused on disruptive technologies
like IoT and Al it now emphasizes the integration of
legacy systems like ERP and CRM for effective DT.
This inclusive approach is supported by [9], who ad-
vocate for integrating less advanced technologies as
an nitial step toward 14.0 adoption.

Therefore, questions are raised about using digital
tools in SMEs and what 1s considered an emerging
technology: “Are tools such as ERP and CRM
still considered emerging technologies de-
pending on the analyzed country?”; “What
is the real scale of implementation of digital
tools in industrial SMEs?”

These questions make it possible to study the
technological priorities of SMEs in Northern Portu-
gal and analyze whether these companies are lagging
mIT.

4.8 Q8 - What benefits do you see from
digital transformation and adopting the
technologies you have decided to integrate?

The managers highlight a very positive view of
DT's benefits for organizations, with SMEs noting
mmprovements in information accessibility, agility,
flexibility, and control over resources and operations.
All SMEs report that information is now more abun-
dant, organized, and accessible in real-time, leading
to gains in operational efficiency. Additional benefits
include support for predictive maintenance, reduced
human error, faster product shipping, and cost sav-
mngs.

This converges with [12], who argues that digital
technologies must be combined with other organi-
zational factors, such as complementary capabili-
ties and digital culture, to create value and improve
performance. This view is supported by [4], who
emphasizes the importance of workers' skills for suc-
cessful DT, arguing that digitalization goes beyond
merely 1implementing technologies. However, the
sources expand the discussion on the success factors
of D'T. [11] emphasizes the importance of digital or-
ganizational culture while [12] pointing to the need
for digital capabilities and well-defined strategies. In
turn, [18] highlights the relevance of power dynam-
ics between buyers and suppliers in the digital supply
chain, demonstrating that the success of digitalization
depends on a complex ecosystem of factors.

However, this raises the question: ‘“Are the
perceived benefits found exclusively due to
digital tools, or do they result from the entire
context of digitalization or DT being imple-
mented?” The alignments between the interviews
and sources reinforce the importance of digitalization
and DT for industrial SMEs. However, the question
of benefit attribution and the lack of a clear distinc-
tion between DT and digitalization i the literature
indicate the need for further research. Understand-
ing the specific impacts of each phenomenon and
the factors that influence their success 1s essential for
SME:s to fully leverage the potential of the digital era.

4.9 Q9 - Do you consider the transformation
to have been a success? How do you measure
whether it was (why)?

All managers say that the D'T" they carry out dem-
onstrates positive results and has been successful.
However, none of the companies has a tangible re-
sults evaluation system regarding the topic in ques-
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tion, and some believe that, although the results have
been positive so far, it 1s too early to say that this pro-
cess 1s a complete success. These companies should
mmplement qualitative and quantitative measurement
systems to measure this process’s results, allowing
better management.

The sources strongly support the statement that
companies lack tangible results evaluation systems.
[15], proposing a methodology for managing 14.0
transformation in SMEs, observes that most compa-
nies do not have mechanisms to track progress and
measure the success of their mitiatives. [4], In turn,
it 1s argued that the lack of specific knowledge about
mnovative technologies hinders the measurement of
digitalization results in SMEs.

The sources also support the idea that it 1s still
too early to declare DT a complete success. In ana-
lyzing the implementation of 14.0 in a robotic pack-
aging systems company [22], favorable results were
obtained in the itial phases. Still, the full adoption
of the strategy was recognized as a long-term process.
[27] also emphasizes the need for a careful analysis
of the benefits and challenges of DT, especially for
SME:s still in the early stages of adoption.

Research supports the need for qualitative and
quantitative measurement systems to evaluate DT
outcomes i SMEs. [3] highlights that effective DT
management, including monitoring and evaluation
systems, 1s key to success. [18] notes that measure-
ment systems improve strategic decision-making by
clarifying digitalization’s impacts on supply chains.
[21] advocates for a holistic approach to 14.0, sug-
gesting that using diverse metrics can capture DT’s
effects on culture, processes, customer relationships,
and sustainability, enabling SMEs to manage better
and adapt their DT efforts.

These results allow us to ask new questions:
“Even though I consider DT a success, there
are negative points; which ones?”’; “What
measurement systems/methodologies should/
can be used to measure DT outcomes/suc-
cess?”’; “Since DT is, in theory, a continuous
process, should its success be measured, also
in a general and continuous way, or continu-
ous, but associated with specific projects/im-
plementation or both?”

These questions potentially allow the study and
creation of methodologies for analyzing specific re-
sults for SMEs related to their respective DTs. In ad-
dition, they raise the question of whether this process
has negative aspects, even if, in general, it 1s a success/
beneficial, and ways to mitigate them if they exist.

4.10 Strategical DT Framework for SMEs

The basic framework presented was developed
using the managers’ answer categories and the man-
agers’ feedback and suggestions for improvement. It
1s formulated using bullet points to improve reading
and understanding. It is built circularly with double
arrows, demonstrating the process's continuous and
iterative character. Organizations that wish to use this
fundamental framework should adapt and expand it.

The proposed framework (Figure 1) starts with
an initial assessment phase, where SMEs assess
their digital readiness and identily gaps in technology,
human resources, and culture. Next 1s strategy de-
velopment, aligning digital goals with business ob-
Jjectives and integrating digital tools into value chains.
The implementation phase follows, integrating
digital solutions with necessary training and change
management to address resistance. Lastly, continu-
ous evaluation and adaptation ensure SMLEs
monitor performance, optimize processes, and stay
agile, enabling them to sustain D'T" and remain com-
petitive. The framework 1s flexible, scalable, and
applicable across industries, addressing SMEs' spe-
cific challenges.

5. Conclusions

Considering its exploratory nature, this article ful-
fills the proposed objective, helping to fill a gap in the
literature and practice on DT in SMEs. Also, it raises
pertinent questions on the topic. Given the scarcity
of tangible quantitative data, the authors aimed to
understand the current state of mdustrial SMEs in
Northern Portugal regarding digital tools' research,
adoption, integration, and infrastructure through
qualitative analysis. This research 1dentified the nec-
essary changes for the successful implementation of
DT and the main challenges observed by SMEs dur-
ing the realization of the process, allowing for better
preparation by similar companies and providing a
possible introductory framework for industrial SMEs
starting their DT

Thus, this article defines DT according to the cur-
rent literature and presents potential emerging tech-
nologies and challenges/obstacles in integrating these
tools and the whole complex and continuous process
that 1s a DT. The research methodology mvolves
conducting semi-structured interviews with SMLEs in-
volved in DT.

The results indicate convergences and divergenc-
es with the literature, with positive results from inte-
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(1. Diagnosis and Assessment of Needs \
— Perform SWOT analysis

— External and internal analysis

— Assessment of technological infrastructure

— Resource Assessment

— Needs Assessment

— Market study - Customers and comparative

\ benchmarking of similar companies j

(6. Results Assessment \

— Creation of methods for analyzing
quantitative and qualitative results

— Stage by stage and continuous
analysis/evaluation of the process
and its results

— Constant updating of implemented

methods and tools )
5. Planning and Gradual \
Implementation

— Continuous and gradual
planning according to resources
and needs

— Prioritization of the
implementation of changes in
accordance with the study
conducted so far

— Identification of potential
external partnerships that assist
the process

— Development of a detailed
action plan

— Creation of pilot projects in key

\ areas and subsequent expansioy

~N

2. Defining Objectives and Vision
— Definition of clear short, medium,
and long-term objectives (specific,
measurable, achicvable, relevant,
and time-based objectives)

\_ .

/&Leadership Engagement and

Employee Involvement

— Informational support from
leadership

— Commitment to changes

— Involvement of employees in all
stages of the process

— Promotion of upskilling actions

— Constant communication and
creation of appropriate incentives

— Assessment of the need and

\ change of organizational cultury

(4.Identiﬁcati0n of Relevant Technologies
— Identify the most appropriate digital
tools based on the previous points
— Study and identification of
government incentives for the
acquisition and implementation of
k relevant digital tools

Figure 1. Digital Transformation Introductory Framework for Industrial SMEs

grating and using digital tools and the methodological
changes accompanying this process. That said, SMEs
have enormous information needs, and there 1s a lack
of conceptual clarification between digitalization and

DT. Thus, despite the limitations of the research, es-
pecially the sample size, it 1s considered that the study
fulfills the proposed objectives, helping to improve
the body of knowledge on the subject.
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Future research could expand these qualitative
mnsights by developing quantitative variables for cor-
relation analysis. The findings suggest new research
directions to deepen the understanding of DT in
industrial SMEs, including quantitative analysis, ef-
fective information-sharing strategies, the necessity
of DT, gradual digital tool integration, more precise
conceptual distinctions between DT and digitaliza-
tion, the development of DT strategies, framework
validation, and further exploration of DT knowledge
within SMEs.
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Appendices

Table A.1. LR Protocol

Thematic Analysis. Thousand Oaks, CA, USA: Sage
Publications, 2011.

Keywords

PICO framework (Population, Intervention, Comparison, Outcome): “industrial SMES” or

"manufacturing SMEs" (population), “digital transformation” or "Industry 4.0" (intervention),

»on

and “management’,

roadmap

strategy" or "framework"

Search Strings

(TITLE-ABS-KEY ("Digital Transformation" ) OR TITLE-ABS-KEY ( "Industry 4.0") ) AND

( TITLE-ABS-KEY ( roadmap ) OR TITLE-ABS-KEY ( strategy ) OR TITLE-ABS-KEY ( framework)
OR TITLE-ABS-KEY ( management ) OR TITLE-ABS-KEY ( path)) AND ( TITLE-ABS-KEY
("Manufacturing SMEs" ) OR TITLE-ABS-KEY ( "Industrial SMEs"))

Source Selection &
Criteria Definition

Studies Language: English

Source Justification:

Source List: Google Scholar (exploratory review) & Scopus (systematic review)

Studies Type Definition

Articles published in journals

LR1 & LR2

May 2023 & October 2023

Studies Quality Evaluation

Studies indexed in Chartered Association of Business School (CABS) 2021 list are considered as
high-quality and priority in reading

Study Selection Criteria

Inclusion Exclusion

- Articles proposed a
framework, strategy or
roadmap

- Articles excluded for focusing on a single technology (e.g., Al
additive manufacturing, AAT)

- Articles excluded for focusing on a specific type of industrial
SME (e.g., high-tech military SMEs in Russia)

- Articles out of scope for not encompassing digital
transformation
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Search Strings in Databases
(Scopus and Google Scholar)

Studies identification
(Total =72 | CABS =40)
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Rejected with a Reason
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Figure A1. LR Process flow
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