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Abstract. In the literature, digitalization is often designated as a so-called megatrend. One of the key characteristics
of megatrends is that they are characterized by their ability to influence the environment in a variety of areas. In the
case of digital change, this process is powered by digital technologies. Scientific publications from the recent past were
examined as part of a literature review with the aim to identify and assess digital technologies and their areas of ap-
plication in the context of small and medium-sized enterprises (SMEs) from the manufacturing industry. The study
highlights that a significant proportion of scientific research in this area focuses on “Industry 4.0” and the associated
digital technologies. However, it also became clear that there are different classifications of digital technologies in lit-
erature. It has also been shown that there is a wide variety of technologies and devices that are considered as digital
technologies in the respective literature sources. Without appropriate sub-categorization, this variety could make it dif-
ficult to compare digital technologies in cross-literature studies. Furthermore, the study revealed indications that the
interplay of digital technologies appears to be an underrepresented topic in the studies examined. For this reason, this

study encourages a more holistic view of the digital technologies used by manufacturing SMEs.
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1. Introduction

Nowadays, it seems almost normal to refer to digitaliza-
tion as a megatrend, analogous to various publications
(Hose et al., 2023; Hiither, 2020; Winkler et al., 2023).

However, this raises the question of what actually
characterizes a megatrend? One of the fundamental
characteristics of megatrends is that they have the abil-
ity to significantly influence the environment in various
areas (Freundl, 2023).

In the opinion of Streibich (2015), digitalization is al-
ready taking on forms that could go beyond a megatrend.
Furthermore, digitalization is described as a transforma-
tive force that is able to raise essential aspects of our
reality to a higher level and, for example, promote the
generation of innovations.

The key drivers of this digital development include
digital technologies (Arranz et al., 2023; Mihu et al,,
2023).

A special feature of digital technologies is their adapt-
ability, which is based, among other things, on their

enormous flexibility. Due to their wide range of applica-
tions, their benefits are not limited to specific sectors or
industries. In addition, they can be used in almost all
areas of a company. For example, they can play a sup-
porting role in the creation of new products, services,
processes and business models as part of the innovation
process (Ciarli et al., 2021).

Furthermore, the use of digital technologies in com-
panies can help to improve performance (Chaudhuri
et al., 2022; Elia et al., 2021), break new entrepreneurial
ground (Costa et al., 2023; Soluk et al., 2021) and un-
der certain circumstances also improve the ability to act
in order to respond better to unexpected events (Troise
et al., 2022).

The use of digital technologies is therefore a neces-
sary prerequisite for most companies to maintain their
competitiveness in an increasingly digitalized environ-
ment (Ciarli et al., 2021).

According to the understanding of Aiién Higén and
Bonvin (2024), it should also made be clear that the
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benefits of using digital technologies are not tied to a
specific company size and can therefore also play an im-
portant function for small and medium-sized enterprises
(SMEs).

The integration and use of digital technologies has
recently become an important task, especially in the
manufacturing industry (Yang et al., 2021).

For this reason, the present study has set itself the
task of examining the scientific research of recent years
in the field of companies from the manufacturing indus-
try with a focus on digital technologies within the frame-
work of a systematic literature review. The terms digital
technologies and digital tools are used interchangeably in
this paper. However, the term digital technologies will be
used exclusively in the further course of this study.

The aim of this study is to consolidate the digital
technologies and their application areas in the context
of SMEs that have been examined in the literature in the
recent past, which are explicitly listed or examined in the
respective literature sources of the systematic literature
review under the generic term digital technologies, and
to carry out an assessment in this regard.

The research method used in this study is a system-
atic literature review. In addition, SMEs in the manufac-
turing industry are the research object of this study.

This study has specifically concentrated only on com-
panies that belong to the group of SMEs. With regard
to the differentiation of SMEs from, for example, large
companies, this study has not made its own distinction
with regard to SMEs. Instead, this study is based on the
respective underlying understanding of SMEs from the
various literature sources that were included in the study
as part of the systematic literature review.

There were several reasons for the decision to focus
on SMEs from the manufacturing industry.

On the one hand, SMEs have to overcome various
challenges on their path to digitalization. In this context,
it is particularly important to point out that the finan-
cial possibilities of SMEs are often limited. This circum-
stance represents a fundamental challenge with regard
to the digital transformation of SMEs. For this reason,
SMEs need to examine very carefully which digital tech-
nologies will actually help them move forward (Le-Dain
et al., 2023).

On the other hand, another aspect should also be
mentioned in this light. This concerns the scientific re-
search that has been carried out to date in connection
with digitalization. Scientific research has mostly focused
on large companies in its studies, which has led to studies
on SMEs being comparatively underrepresented (Ardito
et al., 2021).

This point is of particular importance because scien-
tific studies have already indicated that the process of in-
corporating digital technologies in SMEs can differ from
that in large companies (Soluk & Kammerlander, 2021).

In this context, Estensoro et al. (2022) refer to sci-
entific studies that assume that it could be much more
difficult for SMEs to actually take advantage of the
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opportunities offered by “Industry 4.0” compared to
large companies.

Furthermore, the importance of SMEs for the global
economy is another reason why this study places SMEs
at the center of interest. According to the World Bank,
around nine out of ten companies globally belong to the
group of SMEs. In addition, on average at least every sec-
ond employee in the world is employed by an SME (The
World Bank, 2019).

The structure of this study is briefly explained below.

Section one deals with “Industry 4.0” and the associ-
ated digital technologies. Furthermore, the role of SMEs
in connection with “Industry 4.0” is also highlighted in
this respect.

Section two first presents the research questions that
are to be investigated in this study as part of a literature
analysis. In addition, the procedure for the selection of
literature sources is explained within the framework of
the chosen research methodology on which this study
is based.

Section three summarizes the results of the literature
analysis and subdivides them according to the respective
research questions.

The following section concludes with a summary of
the results of the study and the derivation of implica-
tions.

This study is completed with a final section in which
the limitations of the investigations carried out are
shown. Furthermore, a brief outlook shows how this
study can contribute to future research topics respec-
tively research works.

2. “Industry 4.0”

In the context of companies in the manufacturing in-
dustry, various names are used for the digital change
(Schonfufs et al., 2021).

In European usage, however, the term “Industry 4.0”
has predominantly become established (Masood & Sonn-
tag, 2020).

The term “Industry 4.0” celebrated its communicative
premiere over 20 years ago, when it was made accessi-
ble to the general public at the Hannover Messe in 2011
(Becker et al., 2020; Steinhoff, 2016).

Massive technological changes have already led to
upheavals in the past and ultimately also triggered tech-
nological progress. In particular, these are mainly due to
advances in the fields of mechanics, electrics and infor-
mation technology. The current developments that come
to bear in “Industry 4.0” are primarily focused on the
ability to connectivity, which should bring about com-
munication within the manufacturing environment and
result in self-organizing and self-directing production
processes (Appelfeller & Feldmann, 2018, p. 112).

This digital development process, which is taking
place in the manufacturing industry, is primarily based
on the integration of digital technologies. The benefi-
cial effects of “Industry 4.0” and the associated digital
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technologies have been recognized by SMEs, which are
striving either to generate efficiency advantages in their
production through self-initiated activities respectively
to ensure the preservation of transport routes for goods
through external initiatives, for example (Arroyabe et al.,
2024).

Further advantages of digital technologies can lie in
increased adaptation to changes, in the enhancement of
certain features and in cost savings (Ranka & Vasudevan,
2022).

However, there are also controversial views regard-
ing the benefits of digital technologies. At the very least,
they assume that the exclusive inclusion of digital tech-
nologies does not automatically have a positive effect on
companies. There are also studies that show that a large
proportion of efforts to integrate digital technologies are
not crowned with success (Rajala & Hautala-Kankaan-
pad, 2023).

In the understanding of Arroyabe et al. (2024), the
interplay of digital technologies and processes for man-
aging production is conducive to the success of compa-
nies in the manufacturing industry and is therefore also
an important element on the path to digital change.

The research work by Islam et al. (2023) recognizes
various positive influencing factors in a holistic digitali-
zation process, especially for SMEs. This could open up
new ways for SMEs to create innovations and the op-
portunity to tap into new digital sales channels. These
options offer SMEs the prospect of sustainably improving
their competitive position on the market.

However, even in the case of “Industry 4.0%, the lit-
erature has so far mainly focused on the investigation of
large companies (Arroyabe et al., 2024).

This situation currently seems to be changing, as sci-
entific research interest in SMEs in the field of digitaliza-
tion has increased in the recent past (Rajala & Hautala-
Kankaanpdi, 2023).

This change is considered necessary in several re-
spects. This is partly due to the enormous importance
that SMEs have for the manufacturing industry and
partly because SMEs sometimes have to deal with much
greater resistance to the requirements of “Industry 4.0”
than their larger competitors in the manufacturing in-
dustry, for example (Mittal et al., 2018).

In their study, Arroyabe et al. (2024), for example, list
a lack of information and the leadership of companies as
possible causes that could hinder the transition of SMEs
to “Industry 4.0”.

One other relevant aspect that could pose a difficult
task for efforts in the digitalization process involves the se-
curity measures that are intended to protect the company
from potential virtual threats (Horvath & Szab¢, 2019).

In addition, employees in SMEs also have less free ca-
pacity to deal with the further development of digitaliza-
tion in the company. Furthermore, decisions concerning
the further development of SMEs often depend on the
managing director, who in many cases is also the pro-
prietor of the organization. This means that important
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changes in the context of digitalization can depend on
the competencies and knowledge of the decision-maker.
Finally, another challenge for SMEs is that they often
have restricted financial capacities and therefore have to
plan investments and the resulting revenues very well.
However, decisions in this area are not exactly easy, as
they can sometimes involve very high risks (Bernaert
et al,, 2014).

This is partly due to the fact that it is very difficult
to calculate the profitability of digital technologies in
advance of investment decisions (Le-Dain et al., 2023).

Nevertheless, the changing environment requires
SMEs to adapt to these new circumstances. These chang-
es are expressed, for example, by an ever-shorter period
of marketability of products, diverging market require-
ments or a change in customer behavior. In order to meet
these requirements and to avoid jeopardizing their own
future viability, companies need to get to grips with digi-
tal technologies (Horvath & Szabd, 2019).

The digital technologies frequently associated with
“Industry 4.0” are among others “[...] big data, cloud
computing, artificial intelligence, and machine learning
(AI/ML), robotics, data analytics and blockchain in an
interconnected industrial environment through the In-
ternet of Things (IoT) [...]”” (Arroyabe et al., 2024).

Furthermore, in addition to the digital technologies
mentioned above, Bressanelli et al. (2018) list “3D print-
ing” and “virtual and augmented reality” in connection
with those digital technologies that they consider to be
among the main pillars of “Industry 4.0”

Due to the fact that digital technologies offer this po-
tential for all companies, they differ from conventional
technologies. Conventional technologies can be charac-
terized above all by their high degree of individualiza-
tion. However, in the case of digital technologies, the
right choice of digital technologies could play a much
more important role. Therefore, the knowledge about the
most commonly used digital technologies and their ar-
eas of application within their own industry sector could
play a key role for companies (Hassan et al., 2023).

In a nutshell, it can be said that the inclusion and
application of digital technologies are an important ba-
sic prerequisite for the realization of “Industry 4.0” in
companies (Tamvada et al., 2022).

In addition, the use of digital technologies in compa-
nies can open up a wide range of design options that can
be used to perceive and implement new business activi-
ties (Nambisan et al., 2019).

3. Research methodology

The research methodology used in this research work is
based on a systematic literature review.
This literature analysis exclusively used the Scopus
literature database in the course of the literature search.
The choice of Scopus is based on the fact that Scopus
is one of the leading literature databases in the various
research disciplines (Ferreira et al., 2023).
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In addition, the Scopus literature database is also one
of the most comprehensive collections of high-quality
scientific literature (Yang & Sulaiman, 2023).

The research questions of this study are first ex-
plained below. The keywords and search strategy used to
find the literature and the selection process for including
the literature are then described in more detail.

3.1. Research questions

This study concentrates on digital technologies in SMEs
from the manufacturing industry. Digital technologies
play an important role in the digitalization of compa-
nies and are one of the factors driving this development
process forward (Mihu et al., 2023; Zahoor et al., 2023).

In order to shed more light on this prominent posi-
tion of digital technologies, the following research ques-
tions are to be answered in the course of this study as
part of a systematic literature review:

- Research question 1la:
Which digital technologies are explicitly men-
tioned and/or cited in the literature under the ge-
neric term of digital technologies?
Research question 1b:
Which digital technologies used under the generic
term of digital technologies were explicitly consid-
ered in the investigations of the respective research
papers?
Research question 2:
In which areas of application should the digital
technologies used under the generic term of digital
technologies and explicitly examined in the re-
spective research papers be applied?

3.2. Search strategy and selection parameters

The most important keywords in this search are digital
technologies, SMEs and the manufacturing industry. To
increase the number of hits, different variants of the three
main terms mentioned are used within the search text.

The literature search was carried out using the follow-
ing search query in the Scopus literature database:

(TITLE-ABS-KEY (“small and medium size enter-
prise*” OR “small and medium-size enterprise*” OR “small
and medium-sized enterprise*” OR sme* OR “small and
medium size compan*” OR “small and medium-size com-
pan*” OR “small and medium-sized compan*” OR “small
and medium size firm*” OR “small and medium-size firm*”
OR “small and medium-sized firm*”) ) AND (TITLE-ABS-
KEY (“manufacturing industr*” OR “production industr*”
OR “fabrication industr*” OR “industrial manufacturing”
OR “manufacturing sector*” OR “production sector*” OR
“fabrication sector*” OR manuf*) ) AND (TITLE-ABS-
KEY (“digital technolog*” OR “digital tool*” ) ).

This query resulted in a total of 189 hits in the data-
base. Subsequently, the search strategy was further re-
fined by using various filter functions.

- According to the view of Sauer and Seuring (2023),

a minimum period of five years is recommended
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for a literature review. For this reason, the results in
the next step were limited to the years 2019 to 2024.
This is to ensure that the literature examined is as
up-to-date as possible and that the overall depth of
the literature analysis is sufficient. This reduced the
total number of results by 21 hits, leaving a total of
168 hits.

In order to transfer the literature hits into an eco-
nomic frame of reference, the knowledge area of the
literature search was restricted to the field of busi-
ness studies. This led to a further reduction of 95
hits to 73 literature sources.

This was followed by the next restriction, which fo-
cused on the kind of research work. The results were
filtered according to articles and conference papers.
The total number of hits was therefore reduced by
a further ten sources, bringing the total number of
hits down to 63.

The search results were then selected according to
their current status with regard to their publication
process. At this point, only publications that had
already completed this process were considered,
reducing the number of results by eleven hits and
leaving 52 publications after this filter stage.

In the second last filter step to narrow down the
results, the remaining literature studies were limited
to English and German for reasons of manageabil-
ity. This step meant that a further literature source
was excluded from the following investigations. Af-
ter this, 51 sources were still available.

The final filtering process reduced the total num-
ber of literature sources by selecting only those
sources that could be reviewed without restrictions.
This circumstance caused that a further 30 studies
were not considered for continuation of the study.
On completion of the filtering process, 21 research
works remained in the search.

Once the results had been narrowed down using the
filters, the next step was to examine the remaining 21
articles on the basis of their titles, keywords and abstracts
in order to check the relevance of the literature with re-
gard to the research project.

In a final step, those articles that were still considered
after this preliminary examination were subjected to an
intensive examination with regard to their content and
their significance for answering research questions.

The insights gained from the investigation led to a
further 16 articles being removed from the search re-
sults list, so that ultimately five literature sources were
included in the final literature analysis.

4. Outcomes of the analysis

The results of this investigation are examined and as-
sessed in more detail in the following three sections in
accordance with the respective research questions.
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4.1. Named and/or cited digital technologies

The following section is intended to answer research
question la.

The development of digital technologies continues to
advance (Ciarli et al., 2021).

In addition, a large number of digital technologies
have already been developed in recent years, which could
already be available for use by companies in principle
(Nambisan et al., 2019).

The following Table 1 provides an overview of which
digital technologies were explicitly named and/or cited
as such in the literature sources of the literature analysis.

Table 1. Summary of digital technologies explicitly named
and/or cited in the research works selected within the
literature review (source: the table has been created by author
based on (Arroyabe et al., 2024; Ballerini et al., 2023; Bettiol
et al., 2023; Chavez et al., 2020; Ranka & Vasudevan, 2022))

Sources: Digital technologies:

(Arroyabe “big data”; “cloud computing”; “artificial

et al, 2024) |intelligence and machine learning (AI/ML)”;
“smart devices”; “robotics”; “data analytics”;
“blockchain”; “High-speed infrastructure”;
“email”; “website”

(Ballerini “Digital platforms”

et al., 2023)

(Bettiol “Computer numerical controlled (CNC)

et al,, 2023) | automatic machines”; “Enterprise Resource
Planning (ERP)”; “Customer Relationship
Management (CRM)”; “E-commerce”; “auto-
nomous robots and value chain integration
systems”; “SCM”; “cloud system”; “cyber-
security”; “3D printing and rendering”; “new
(automatic) production machine”; “artificial
intelligence and Internet of Things (IoT)”

(Chavez “ERP systems”; “manufacturing execution

et al,, 2020) | systems, MES” and “disturbance data
handling system”

(Ranka & “Internet of Things”; “Big Data”; “Cloud

Vasudevan, | Computing’, “Additive Manufacturing”;

2022) “Tracking Tracing Technologies”; “Cyber-
Physical Production Systems”; “smart
phones”; “watches”; “tablets”

What is striking when looking at Table 1 is the wide
variety and broad spectrum of technologies and end de-
vices that are subsumed under the umbrella term of digi-
tal technologies in the literature. In this context, it would
be advantageous for comprehensibility and comparability
for both science and practice if uniform sub-segments
could be defined within the digital technologies in order
to be able to classify and group the digital technologies
accordingly.

4.2. Digital technologies included in the
investigations

In order to answer research question 1b, the literature
sources included in the literature analysis are examined to
determine which digital technologies were explicitly in-
cluded in the investigation of the respective research work.
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Table 2 below provides an overview of the results re-
garding research question 1b.

Table 2. Summary of the specific digital technologies from

Table 1 that were considered in the investigations of the
respective research papers selected as part of the literature review
(source: the table has been created by author based on (Arroyabe
et al., 2024; Ballerini et al., 2023; Chavez et al., 2020))

Digital technologies included in the

Sources: . > .
investigations:
(Arroyabe et al,, | “AI”; “cloud computing”; “robotics”; “smart
2024) devices”; “big data analytics”; “high-speed

infrastructure”; “blockchain”

(Ballerini et al., | “Digital platforms”

2023)

(Chavez et al., | “ERP systems”; “manufacturing execution
2020) systems, MES” and “disturbance data

handling system”

Despite the relatively small amount of literature in-
cluded in this literature review, Table 2 nevertheless
shows that very few specific digital technologies seem to
be in the focus of the respective research activities.

4.3. Application areas of the digital technologies
included in the investigations

In the context of answering research question 2, the lit-
erature sources included in the literature review are ex-
amined to determine in which fields of application the
digital technologies are to be used.

This question is limited exclusively to those digital
technologies that were explicitly included in the investi-
gation part of the respective research work.

Table 3 below summarizes the findings on research
question 2.

Table 3. Summary of applications areas of specific digital
technologies included in the investigations in the research
works selected within the literature review (source: the table
has been created by author based on (Arroyabe et al., 2024;
Ballerini et al., 2023; Chavez et al., 2020))

Sources: Application areas of digital

technologies:
(Arroyabe et al., | The digital technologies used in the study
2024) are not assigned to any specific application

within this research work. Instead, they
should be used to determine the level of
development of digitalization in companies.

(Ballerini et al., | “e-commerce”

2023)

(Chavez et al.,
2020)

deviation management

Similar tendencies as in Table 2 can also be seen in
Table 3. The application areas of digital technologies and
end devices explicitly mentioned under the generic term
of digital technologies are hardly addressed in the stud-
ies examined.
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5. Conclusions and implications

The results of this study are intended to provide an over-
view of the digital technologies summarized under the
term digital technologies and their areas of application,
which play an essential role in the literature of SMEs in
the manufacturing sector.

In particular, these overviews are intended to support
the responsible persons and especially the decision-mak-
ers in SMEs in the manufacturing industry in gaining
an overview of the various digital technologies in their
sector.

In addition, this work aims to encourage the afore-
mentioned groups of people from SMEs to engage more
intensively with this topic area and the diverse manifesta-
tions of digital technologies within their industry sector
due to the importance of digital technologies described
above.

Furthermore, the findings from the literature analysis
have led to the following conclusions.

The studies have shown that although a significant
proportion of research studies in the field of SMEs in
the manufacturing industry deal with “Industry 4.0” and
the associated digital technologies (Arroyabe et al., 2024;
Ranka & Vasudevan, 2022), these studies often do not
consider the digital technologies in the respective stud-
ies individually, but only as a group. Only a few of the
research papers differentiate between the various digital
technologies and address their specific features in terms
of their functions or the various applications for which
they are best suited.

For example, only one of the research papers exam-
ined in the literature review focused on research into a
single digital technology.

The study also revealed that there is hardly any uni-
form classification of digital technologies. This can lead
to the same technologies or end devices being referred
to or categorized differently in various studies. However,
these different classifications are not exactly conducive
to scientific research.

In addition, the results from research question la
showed that there is a very large number of different
technologies and end devices that are summarized under
the collective term of digital technologies. In this con-
text, the definition of sub-segments, for example, could
contribute to a better understanding and comparison of
digital technologies, from which both science and com-
panies could benefit.

The indications from research questions 1b and 2 also
show that the literature only seems to focus on a few
specific digital technologies and their areas of application
in its studies.

Furthermore, the literature sources place little em-
phasis on the importance of the interconnections and
mutual effects of digital technologies. This view is in line
with the research work of Blichfeldt and Faullant (2021),
who argue that digital technologies can interact with
each other.
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However, further research in this regard could be
very beneficial, especially for SMEs.

It is precisely this knowledge of possible connections,
modes of action and mutual interrelationships among
digital technologies (Blichfeldt & Faullant, 2021) that
could be of great benefit, especially for SMEs, as they
generally only have restricted opportunities (Arranz
et al., 2023).

For example, due to their rather modest financial
background and their mostly lack of expertise (Arranz
et al,, 2023; Masood & Sonntag, 2020), SMEs could ben-
efit in several ways from progress in this area of research
with regard to the uptake and introduction of digital
technologies.

This knowledge would not only help them to possibly
implement the more suitable digital technologies in the
company, but would also help them to introduce several
digital technologies, for example, to select the most ef-
ficient combination of digital technologies.

This would in turn support SMEs in generating the
greatest possible benefit from the interplay of different
digital technologies.

These efficiency gains could ultimately help SMEs to
remain competitive in the future.

6. Limitations and future outlook

For the sake of completeness, it should of course be men-
tioned that the results of this study are subject to various
limitations.

The most important limitation results from the cho-
sen research methodology, which consists of the method
of a systematic literature review.

In this context, it should also be noted that the in-
vestigations carried out in this work are also be limited
because the literature search carried out is based on a
single database only.

Moreover, it should be noted that, as a consequence,
only very few research studies could be included in the
literature analysis.

One of the main aims of this research work is to cre-
ate a basis for future research work and to support fur-
ther research in the field of digital technologies.

In this regard, an explicit call is made for further re-
search respectively for more research works to be carried
out in the following areas.

It would be fundamentally helpful for further re-
search into digital technologies if the subject area of clas-
sifying and delimiting digital technologies were to make
further progress.

There is otherwise a risk that the area of digital tech-
nologies could very soon become non-transparent and
confusing if the evolution of digital technologies contin-
ues at this fast rate (Kolagar et al., 2022).

This could also have a negative impact on scientific
research, for example, if it made it considerably more
difficult to compare research works in connection with
digital technologies.



Digital technologies in the context of small and medium-sized enterprises of the manufacturing industry

In addition, future research should focus more on the
investigation of individual digital technologies as well as
the combined application and mutual influence of digital
technologies.

For this reason, analogous to Blichfeldt and Faullant
(2021), this research paper advocates a more holistic
investigation of digital technologies in future research
studies.
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