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Abstract

Purpose –While there are several readiness assessments regarding digital transformation (DT) and Industry
4.0 in extant literature, this study aims to contribute to (a) a better understanding of digital readiness in supply
chain (SC) aspects and (b) elaborate on differences between small and medium-sized enterprises (SMEs) and
large enterprises.
Design/methodology/approach – The study is based on 409 companies that participated in the Digital
Readiness Check (DRC) in the region of Salzburg (Austria) and Bavaria (Germany) – an online assessment for
self-evaluating the digital readiness of companies.
Findings –The study’s results provide insights for the categories of strategy, employees, initiation of business
transactions and SC. These are further differentiated for SMEs and large enterprises.
Research limitations/implications –The study is limited to two regions inAustria andGermany, based on
a self-evaluation of companies in a single point of time perspective. For future research, the results of this study
should be expanded for different regions. Further, the results could be validated regarding external
observations and measuring results at a later point of time.
Practical implications – The DRC may help companies in benchmarking themselves and gaining a better
understanding about categories that must be improved, especially regarding SC aspects of DT.
Originality/value –The DRC extends extant literature regarding the differentiation between SMEs and large
enterprises as well as focussing on SC aspects of DT.

Keywords Digital transformation, Industry 4.0, Industrial Internet of Things, Digitalization,

Digital readiness, SME

Paper type Research paper

1. Introduction
The term “Industry 4.0” refers to the fourth industrial revolution, based on cyber-physical
systems and the Internet of things, which represent technological enablers of this digital
industrial transformation (Kagermann et al., 2013). While digital transformation (DT) has
several potentials, many companies struggle with its implementation (Ghobakhloo and Fathi,
2019). This difficulty is especially true for small and medium-sized enterprises (SMEs) that
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often face limited digitalization level and resources. Moreover, SMEs encounter supply chain
(SC) implementation problems, including competing interests, opportunism, transparency
deficiencies and coordination requirements. These aspects are crucial for companies to
approach their full potential, as integration across the SC is required (Ghadge et al., 2020;
Veile et al., 2019, 2020). However, several challenges exist, especially the integration of SMEs
into the SC (Horv�ath and Szab�o, 2019; Mittal et al., 2018, 2020; Moeuf et al., 2020; M€uller et al.,
2018, 2020).

Several readiness assessments in extant literature relate to DT. These assessments do not
focus on SC aspects of DT and do not consider the differentiation between SMEs and large
enterprises. Nevertheless, both are vital for successful implementation. Against this
background, the present study develops a DRC focussing on the SC aspects of DT and the
differentiation between SMEs and large enterprises. The DRC presents empirical data from
409 companies in Salzburg (Austria) and Bavaria (Germany).

The sections of this study are organized as follows. Section 2 explains the relevant
background on DT, Industry 4.0 and readiness checks in this context. Section 3 presents the
method, including developing and collecting empirical data for the DRC. Section 4 discusses
the results of the DRC and analyses company performance in DT with a particular focus on
SMEs. After a discussion highlighting the contribution to the literature in Section 5, the paper
presents the practical implications and limitations of the DRC and suggests future directions
for self-assessment and benchmarking in Section 6.

2. Literature review and research gap
2.1 Digital readiness and maturity models
The digital readiness of companies may be defined as the capability to employ digitalization
potential. Businesses may need to end ageing business models, invest in innovation or
transform the core business altogether to achieve digital readiness. However, quantifying this
process is a different matter, as varying degrees of digital readiness may be observed in
practice. In context of DT, several readiness assessments and models have been developed,
but not all of them have been empirically tested (Chonsawat and Sopadang, 2020; Mittal et al.,
2018, 2020; Pirola et al., 2019; Sriram and Vinodh, 2020).

A widely accepted basis of maturity models is the capability maturity model proposed by
Paulk et al. (1993). Originally developed tomeasure softwarematurity, this frameworkhas since
been adapted to many domains, including measuring maturity levels of digital readiness (De
Carolis et al., 2017). Many other techniques to measure digital maturity exist. For example,
Mittal et al. (2018, 2020) provided a concise overview and comparison of 16 different models.
Although all previously mentioned models favour distinct approaches and domains, they all
have one aspect in common: transforming the binary concept of digital readiness into a tiered
model that differentiates various degrees of digital maturity or readiness.

2.2 State of research and research gap
The literature consensus is that SMEs are faced with the challenge to innovate different parts
of their operations due to Industry 4.0 (Chen, 2020; Khanzode et al., 2020; Masood and
Sonntag, 2020; Somohano-Rodr�ıguez et al., 2020). To possess the required capabilities for
innovation, SMEs require adequate resources, capabilities and strategies to innovate with
limited resources and compound effects due to their small size (Cimini et al., 2020; M€uller et al.,
2018; Stentoft et al., 2020). Moreover, SMEs are often forced by their customer demands to
innovate their processes and operations, requiring them to cooperate with suppliers and
customers in the SC to make up for their lack of size. This situation reflects the importance of
considering SC aspects and SMEs in Industry 4.0 research (M€uller et al., 2018, 2020; Sahi et al.,
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2020). However, as M€uller et al. (2018) stated, the integration in the SMEs’ SC has scarcely
been considered in research in the context of Industry 4.0. For instance, M€uller et al. (2021)
find distinct characteristics of SMEs in comparison to large companies, being more
operations-driven, that is, focussing on manufacturing innovations than on SC or customer
integration. However, M€uller et al. (2021) focussed on the perspective of business model
innovation rather than SC aspects as such.While Ghobakhloo and Iranmanesh (2021) discuss
several aspects of DT for SMEs, they do not present a direct comparison to large companies
and do not consider SC aspects in detail.

Despite the importance of SC aspects and SMEs regarding Industry 4.0, a review of 20
maturitymodels for Industry 4.0 byFelch et al. (2019) revealed that only three out of 20maturity
models consider the aspect of SCs and only superficially do so.Wagire et al. (2020) provided an
overview of 12 maturity models in the context of Industry 4.0. Digitalization from supplier to
customer is only mentioned as a single factor. Two studies that more closely examine SCs and
Industry 4.0 are by Samaranayake et al. (2017), but they still only address three items
concerning SCs. A project from the University of Warwick investigated complex SCs but did
not include the specific perspective of SMEs (WMG–University of Warwick, 2017).

Further, extant research hasmainly focussed onmaturity models for specific technologies
or applications (Dutta et al., 2021; Mittal et al., 2018, 2020) or limited to specific cases of single
companies (Amaral and Peças, 2021). The requirements of adequate financial resources, skills
and strategy as an entry stage for Industry 4.0 can be found in other studies on Industry 4.0
and SMEs (Colli et al., 2018; Mittal et al., 2018, 2020; M€uller et al., 2018; Schumacher et al., 2016;
Wagire et al., 2020). However, most existing maturity models concerning Industry 4.0 draw a
connection between technologies, strategy, culture and resources, as described in the review
by Wagire et al. (2020). This paper complements this research by addressing the SC
perspective and the differentiation between SMEs and large enterprises. Compared to
research on maturity models regarding Industry 4.0, this research attempts to contribute to
themissing perspective of supply chainmanagement (SCM) focussing on SMEs. In summary,
this paper aims to fill the following research gaps:

(1) SC aspects that have considerably been less investigated in maturity or readiness
models in the context of Industry 4.0.

(2) SMEs’ characteristics in comparison to large companies regarding digital readiness.

3. Methodology
3.1 Project description and research design
The DRC represents a project funded by the European Union in the German–Austrian border
region between Bavaria and Salzburg. It assesses the development stage towards DT/
Industry 4.0 with a focus on SC aspects and a differentiation between SMEs and large
enterprises. These three characteristics, (1) developing a readiness check, (2) extending the
focus to the SC and (3) comparing SMEs and large enterprises, were clear targets, which were
successfully approved by the funding agency. Therefore, a broader investigation, for
example, across Austria, is intended by public agencies in the next years. Further, the DRC
shall help companies to benchmark their own position and give them hints in which regards
they might be lagging behind.

As a result of the assessment, especially SMEs are supported by scientific partners
through a profound programme for knowledge transfer via different measures for awareness
raising. Thesewere explicitly demanded as a second step by the funding agency, for example,
qualifying the personnel in workshops, excursions to laboratories for demonstration and the
exchange of lessons learned between different enterprises.
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3.2 Questionnaire development
The DRC aims to depict the attitudes of a participant regarding his or her perception of
digitalization in the company she or he is employed with. In order to identify appropriate
statements for the questionnaire, the design processwas executed in three steps (Pham, 2010):

(1) Identify an appropriate reference model for SCM.

(2) Collect questions/statements from existing DRCs and maturity models.

(3) Make adjustments and add additional statements when required.

According to De Carolis et al. (2017), manufacturing key processes can be grouped into the
following five processes: design and engineering, production management, quality
management, maintenance management and logistics management. In addition to
manufacturing processes, an appropriate strategy and the integration of employees are of
core importance tomanage digitalization successfully as well as the integration across the SC
(Schmidt et al., 2020; Veile et al., 2019).

Therefore, the Supply Chain Operations Reference (SCOR) model was chosen,
representing a widely spread reference model that describes processes, recommends key
performance indicators to measure the performance and thus enables evaluating and
comparing SC activities. The SCORmodel has been developed to describe business activities
associated with all phases of satisfying customer demand. It has a holistic character, being
used in several scientific publications (APICS, 2017; Birkel andM€uller, 2021; Huan et al., 2004).
For the context of this project, the choice of SCORwas approved by the funding agency as the
focus of the readiness check should be on the SC aspects accompanied by the respective
internal factors.

The goals of processes in the phase “Enable” in the original SCORmodel are to support the
realization and governance of planning and execution processes of an SC. Thereby “Enable”
processes interact with functions such as financial processes and human resources (APICS,
2017). As a clear differentiation of “Enable” processes between SCMand other functions is not
always possible, it was decided to exclude “Enable” processes from the questionnaire.
Instead, it was decided to include the initiation of business transactions. It reflects changing
forms of cooperation and buyer–supplier relationships relating to Industry 4.0 that go
beyond process-oriented aspects of the SCORmodel (Ghadge et al., 2020; Schmidt et al., 2020;
Veile et al., 2020).

Herewith, SCOR provided the underlying basis to structure the statements regarding
digitalization of SCM, which represents the main focus of the DRC. The questionnaire and its
itemswere complementedwith a preceding and a closing block, and the structure was defined
as follows:

(1) Strategy (Mittal et al., 2018, 2020; M€uller et al., 2018; Schumacher et al., 2016).

(2) Employees (Mittal et al., 2018, 2020; Schumacher et al., 2016; Vereycken et al., 2021).

(3) Initiation of business transactions (Ghadge et al., 2020; Veile et al., 2020).

(4) Digitalization of the SC based on the SCOR model (APICS, 2017): Plan, Procurement
(Source), Production (Make), Delivery and Return, Service and Maintenance.

(5) Data regarding company background.

Based on the above-named references, 24 items were defined that are displayed in the results
section. For the definition of items, 17 DRCs and maturity models – such as Mittelstand 4.0
Competence Centre Kaiserslautern or IMPULS Foundation of the Mechanical Engineering
Industry Assocation (VDMA) – were used as underlying basis. An overview can be found in
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Mittal et al. (2018) or Schuhmacher et al. (2016). In order to limit the length of the
questionnaire, but also to enable a meaningful analysis of data, the authors decided to have
three questions for each category.

The most common scale for measuring attitudes is the Likert scale, in which participants
give their view on a set of statements (Diamantopoulos andWinklhofer, 2001). A selected set
of statements was grouped into categories, and a consistent scale was elaborated for all
questions in the respective DRC. The scale was set as a fixed end point scale, and the
respondent can choose between six options – ranging from “strongly agree” to “strongly
disagree”. Thus, it is ensured that analysis methods – such as arithmetic mean or correlation
analysis – can be applied properly. An even number of options reduces the risk that
participants choose themiddle category in case they cannot answer or do not have an opinion
about a statement and thus falsify the result. An even number of options enforces the
participant to choose one side of the answer (Diamantopoulos and Winklhofer, 2001). In case
the participant cannot answer or has no opinion about a statement, a seventh option has been
included (“n/a”), but this option was placed separately, outside of the scale.

A pre-test was performed in two phases. In phase 1, the focus was on content and
understanding of the questions. This part of the pre-test was done paper-based, and 40
participants provided their feedback orally or in written form to the authors of this article.
Participants of the pre-test were selected carefully within the network of the project team. All
of them were in a relevant professional position, and all pre-tests were performed in the
presence of a project member. In the second phase, the emphasis was placed on the technical
implementation and usability.

3.3 Data collection and analysis
For data collection via the DRC, an online survey is used. In contrast to a traditional
questionnaire, an online questionnaire achieves a higher response rate, and participants can
easily stop and continue filling an online questionnaire. Further, online questionnaires are the
main methods chosen in other readiness checks published.

The online questionnaire was promoted during workshops and further public events of
the EU-funded project and via e-mail newsletter by public agencies supporting economic
development. The participants stem from industrial enterprises across Bavaria (Germany)
and Salzburg (Austria), two bordering regions with close economic links. Twenty-one
questionnaires were removed from the sample as entries could be considered implausible
since they exclusively contained extreme values across all questions. This led to a final
sample of 409 companies that stated their status regarding digitalization in different business
areas. According to the definition in the EU, companies employing “fewer than 250 persons
and which have an annual turnover not exceeding EUR 50 million, and/or an annual balance
sheet total not exceeding EUR 43 million” are considered as SMEs. In total, 237 SMEs and 65
large companies completed the online survey; 107 companies did not state their size and are
therefore excluded from the evaluation of differences between SMEs and large
companies below.

On the six-point Likert scale, companies are assumed to agree with a statement if they
chose either “strongly agree” (6) or “agree” (5). Similarly, they are assumed to disagree with a
statement if they chose “strongly disagree” (1) or “disagree” (2), as presented throughout the
results section.

Data handling and analyses were performed with the statistics software R. It was used to
calculate mean values, cumulated values for each of the answering options and ANOVA tests
for mean comparisons. The results generated are illustrated in the next section. The figures
show the cumulatedvalues for each of the answeringoptions, differentiated for strategy (section
4.1), employees (section 4.2), initiation of business transactions (section 4.3) and SC (section 4.4).
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4. Results
4.1 Strategy
The first block of questions deals with general issues regarding a digitalization strategy and
its implementation. Overall, the results show that companies commonly seem to commit a
person or department for DT but miss out on a well-established process for its
implementation. In total, 26% of the participants commit themselves to a digitalization
strategy and even more – over 40% – already assigned a responsible person. However, only
21% state that they already pursue a well-established process for its implementation and
advancement. All shares of given answers can be found in Figure 1.

Figure 2 shows the shares of given answers for both SMEs and large companies. Results
show that SMEs and large companies adopted a digitalization strategy with targets and
target values to a very similar extent. Both groups seem to have deficiencies in establishing a
well-defined process for digital innovations. Interestingly, more than half of the large
companies who responded to the questionnaire already assigned a person responsible for the
topic “digitalization”, whereas only about 40% of SMEs fill this position with a specific
person.

4.2 Employees
Focussing on the perception of employees regarding digitalization, the next block of questions
reveals details about the involvement of employees and the communication from managerial
staff towards employees regarding the digitalization process. One-third of participating
companies think that their employees are aware of chances and risks of digitalization. At the
same time, however, the same share of companies admits that their employees are not verywell
prepared for the upcoming challenges. Nonetheless, 31% of companies think that the executive
personnel perceptibly set examples regarding digitalization and the development of new
competences, as presented in Figure 3 for the corresponding statement.

Figure 4 shows that SMEs are slightly ahead of large companies regarding the
digitalization awareness and preparedness among employees. In total, 34% of SMEs,
compared to 27% of large companies, state that their employees are aware of the chances and

disagree agree

Note(s): Base: Responses from all companies, N = 409

disagree agree
disagree agree

Figure 1.
Share of given answers
in % in the area of
strategy
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risks of digitalization. Similarly, 34% of SMEs see their executive personnel setting examples
regarding digitalization and development of new competences, whereas only 17% of large
companies agreed with this statement.

4.3 Initiation of business transactions
Digitalization in the initiation of business transactions seems to be most advanced. Almost
half of the participants declare that digital services complement traditional ways of customer
acquisition and product advertising. Similarly, digital services support maintaining contacts

St
ra

te
gy

There is a digitalization 
strategy with concrete

targets and target values.

There is a well-
established process how

to develop and implement 
digital innovations exists.

There is a dedicated
person or department

responsible for the topic 
digitalization.

disagree agree

Note(s): Base: Responses from all companies indicating their size; N = 302

Note(s): Base: Responses from all companies, N = 409

disagree agree

Figure 2.
Comparison SMEs vs.
large companies in the

area of strategy

Figure 3.
Share of given answers

in % in the area of
employees
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with customers or prospective customers in 45% of the companies. Only the process of
developing new products is not yet characterized by digital automation in most of the
companies: In 44% of the companies, the process of product development is not accompanied
by automated steps. Figure 5 provides details about the shares of given answers.

Regarding the initiation of business transactions, the differences between SMEs and large
companies seem to be negligible. For all three questions, the shares of answers of SMEs and
large companies distribute similarly across the six response options. This can be seen in
Figure 6. Regardless of the company size, participants of the DRC state that digital services
complement traditional ways of customer acquisition and product advertising to a large
extent. In terms of maintaining contacts with customers, the process of digitalization is also

Em
pl

oy
ee

s

Employees are aware of
the chances and risks of

digitalization.

Employees are well
prepared for the

upcoming challenges 
regarding digitalization.

Executive personnel
perceptibly sets examples 

regarding digitalization 
and the development of

new competences.

disagree agree

Note(s): Base: Responses from all companies indicating their size; N = 302

disagree agree

Note(s): Base: Responses from all companies, N = 409`

Figure 4.
Comparison SMEs vs.
large companies in the
area of employees

Figure 5.
Share of given answers
in % in the area
initiation of business
transactions
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quite advanced. In contrast, the development of new products does not seem to be
accompanied by automated steps inmany companies, neither in SMEs nor in large companies.

4.4 Supply chain
The study identifies the lowest degree of digitalization in the SC – compared to other business
areas. In general, many companies share data and information already via digital platforms;
however, automated processes and interconnected databased systems are rather rare.

One-fifth of the participating companies automated the planning of the production
programme and introduced adaption and optimization with real-time data. Even more, 25%
exchange information between all divisions of the company digitally and autonomously.
Similarly, data is shared with suppliers via a web-based platform in 29% of the companies. In
contrast, only about 14% of participants automated their procurement of resources via
sensor systems or share forecast data with their suppliers.

Regarding the production process, nearly 30% of core processes are digitalized to a great
extent and themajority of production plants are digitally connected. However, more than half
of the companies do not have systems that can react to changing conditions autonomously
and in real time. The area of delivery shows a slightly more advanced stage of digitalization.
More than 20% of the companies have IT systems, which automatically pool orders and
perform billing and dunning. Web-based platforms support 27% of the companies in
communicating with customers such as sharing or exchanging data and orders. Similarly,
more than 20% offer a digital platform for communicating with customers regarding, for
example, service and maintenance. However, the degree of automation is rather low, as more
than half of the companies do not provide services regarding predictive and automated
ordering or maintenance of products and spare parts. Details are given in Figure 7.

For a detailed comparison of SMEs and large companies, Figure 8 shows the shares of
given answers by company size. The results show that SMEs and large companies give
similar answers to most questions. For example, about 20% of SMEs and 25% of large
companies already automated the planning of their production programme and 18%of SMEs
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and large companies regularly adapt their programme with real-time data. In total, 26% of
SMEs and 28% of large companies implemented a system with automated exchange of
information between departments. Sensor-based equipment and real-time data applications
are still rare. This holds for SMEs aswell as for large companies. Over 60%of SMEs and large
companies state that they have not equipped their inventories with sensors and that their
production processes cannot autonomously and in real time react to changing conditions.
Moreover, more than 50% of SMEs and large companies do not automatically plan orders or
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share forecast data with their suppliers. The same is true for databased services, which are
hardly adopted in the companies. More than half of SMEs and large companies do not
produce spare parts or suggest service or maintenance proactively based on data.

On the contrary, web-based applications seem to be already widely used in large
companies but not in SMEs, revealing some striking differences by company size. In
particular, 44% of large companies compared to only one-quarter of SMEs indicate that they
use web-based platforms to share information with their suppliers. In total, 36% of large
companies compared to 24% of SMEs share information with their customers via web-based
platforms. Automated ordering occurs in 27% of large companies but only in 21% of SMEs.

Table 1 summarizes the results section, providing an overview of the strengths of SMEs
and large companies, respectively.

The main differences between SMEs and large companies highlighted in Table 1 are
evaluated in detail in section 5.1 and discussed with the results of extant literature.

5. Discussion and theoretical implications
5.1 Characteristics of SMEs and large enterprises in digital transformation
Several authors have claimed that SMEs and large companies could never compete on a level
playing field (Horv�ath and Szab�o, 2019;Mittal et al., 2018, 2020;Moeuf et al., 2020). In addition,
the evaluation of self-assessments similar to the DRC developed by the VDMA in Germany
concludes that large companies are a step ahead and are more likely to have a corporate
strategy for digitalization (Lichtblau et al., 2015). More recently, Machado et al. (2019), in their
“Industry 4.0 readiness online self-check”, conducted interviews indicating that SMEs tend to
lag behind.

In contrast, the findings of this study suggest that the strengths of SMEs and large
enterprises in DT and Industry 4.0 are more nuanced. Especially regarding the employee

Strengths of SMEs and large companies

(1) Strategy In large companies, there is typically a dedicated person or department
responsible for the topic digitalization in contrast to SMEs

(2) Employees In SMEs

� Employees are more aware of the chances and risks of digitalization
� Employees are better prepared for the upcoming challenges regarding

digitalization
� Executive personnel set better examples regarding digitalization and the

development of new competences
(3) Initiation of business
transactions

Large companies are more developed in offering digital services that
complement traditional ways of customer acquisition and product advertising

(4) Supply chain In SMEs

� Core processes are digitalized to a greater extent
� Production processes are more advanced in reacting to changing

conditions autonomously and in real time
In large companies

� The planning of the production programme is rather automatedwithin one
system

� Data is shared via a web-based platformwith suppliers to a higher amount
� Planned orders and forecast data are shared with suppliers to a higher

amount
� Higher integration of orders into IT systems in real time
� Higher share of web-based platform usage with customers

Table 1.
Summary of
comparison of SMEs’
and large companies’
strengths in digital
transformation
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perspective and relating to core processes and production processes, SMEs are further
advanced than their larger counterparts. Hence, this paper extends DRCs to SMEs and SC
aspects, combining both perspectives. This research has scarcely been investigated in detail
in readiness assessments, comparing SMEs and large enterprises (Chonsawat and Sopadang,
2020; Mittal et al., 2018, 2020; Pirola et al., 2019; Sriram and Vinodh, 2020; Wagire et al., 2020).
The detailed differences between SMEs and large enterprises as found by this study are
discussed in the following.

First, regarding strategy aspects, the results reveal that rather large companies have a
dedicated person or department in charge of the strategy for Industry 4.0 and DT. In contrast,
SMEs are typically flexible, with a chief executive officer or owner-driven management
structure (M€uller et al., 2018). Further, the results regarding the strategy for DT indicate that,
although companies commonly commit themselves to a digitalization strategy, a clear and
well-defined process for its implementation is often missing. The formulation of the strategy
is the first inevitable step. For a successful implementation, a well-defined process must be
communicated to all employees and partners. Several studies have emphasized the
importance of all stakeholders along the value chain to undergo a successful digitalization
process (Lichtblau et al., 2015; Machado et al., 2019). Especially for SMEs, collaboration with
partners and stakeholders can reduce the lack of competencies and resources. Therefore, it is
vital to understand strategic planning and operational implementation of DT, which is
required to overcome several limitations and barriers to a successful transformation process,
especially for SMEs with limited resources (Chen, 2020; Khanzode et al., 2020; Masood and
Sonntag, 2020; Somohano-Rodr�ıguez et al., 2020).

Second, referring to employees, respondents felt that employees are more aware of the
opportunities and risks of digitalization and are better prepared for upcoming challenges and
that executive personnel set examples regarding digitalization and developing new
competencies (Vereycken et al., 2021). This result was unexpected following the previous
studies (e.g. Horv�ath and Szab�o, 2019; Moeuf et al., 2020; M€uller et al., 2018). A possible
explanation is that the strength of SMEs in DT might be the flexible, employee-oriented,
family-like structure that better facilitates integrating employee requirements compared to
large enterprises. Even if this assessment is based on self-evaluation, the perception that
employees are integrated better in the DT process in SMEs reduces resistance and unlocks
potential (M€uller et al., 2018; Veile et al., 2019).

Third, the initiation of business transactions is one of the two areas where large companies
are considerably ahead of SMEs, especially in terms of offering digital services that
complement traditional ways of customer acquisition and product advertising. This
complements to a rather product and production-oriented than service- or business model-
driven approach of SMEs towards Industry 4.0, as described below (M€uller et al., 2021).

Fourth, regarding supply chain aspects, large companies are ahead in the automatic, real-
time insertion of new orders in IT systems and sharing data with customers via a web-based
platform, among other digital solutions for initiating business transactions, planning and data
sharing. In this regard, SMEs need to catch up regarding data processing and exchange with
customers. Generally, digitization of SC activities in SMEs seems less developed regarding
Industry 4.0. This finding contributes to the literature, adding to the understanding that
Industry 4.0 efforts of companies, especially SMEs, in their own enterprises are well-
established, whereas SC aspects are neglected (Ghadge et al., 2020; M€uller et al., 2021). As
highlighted by this study, SMEsmight not yet regard such approaches as supplier-relationship
management or customer marketing as central processes (Veile et al., 2020).

Further relating to supply chain aspects, the study found that SME core processes are
claimed to be highly automated within the sample, especially production processes. This
claim indicates that SMEs are focussed on their core processes. This highlights the product
orientation of many SMEs, whereas the service orientation or perspective on the business
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model is less developed. In this way, we extend the findings ofM€uller et al. (2021) that showed
that SMEs, regarding business model innovations, are focussing on product and production
innovations while less considering SC and customer integration. This might be as SMEs do
not see SC processes as relevant or complex enough to introduce digitized solutions, whereas
production and products are seen as the core of their business. However, addressing customer
or supplier-related digitization approaches offers many benefits for SMEs in order to offer
new business models by offering new services and taking new roles as service providers in
the supply chain, for example, for data analytics (M€uller et al., 2021).

In sum, although many studies have suggested that SMEs primarily struggle with digital
deficits, the results do not confirm this assessment. Instead, the results complement this
suggestion with nuanced aspects differentiating between large companies and SMEs
regarding their readiness for Industry 4.0. In general, a positive trend exists regarding the
digitalization of processes and systems in SMEs and large companies.

Recently, SMEs are catching up, indicating a higher level of digitalization compared to
previous studies (Cimini et al., 2020; Stentoft et al., 2020). This finding is supported by theDRC
results, revealing that SMEs and large companies are aware of the DT and are implementing
their strategies to the same extent. Further, SMEs are leading in terms of integrating
employees and digitizing core and production processes. Nevertheless, the study reveals that
the overall level of automation and data-based analysis is relatively low, especially across the
SC. Hence, implementing these technologies remains an important task, as described in
section 6.1 on managerial implications.

5.2 Theoretical contribution
In comparison to extant research on maturity models towards Industry 4.0, this research
makes several contributions and extensions to the existing literature. The preconditions of
having adequate financial resources, skills and strategy as an entering stage towards
Industry 4.0 can generally be found in other studies (Colli et al., 2018; Mittal et al., 2018;
Schumacher et al., 2016; Wagire et al., 2020). But whereas most existing maturity models
towards Industry 4.0 draw a connection between technologies, strategy, culture and
resources (Wagire et al., 2020), this paper extends this view by integrating and SC processes.
Hereby, the findings highlight differences between production and logistics processes,
whereas SMEs seem to focus on the former regarding DT and Industry 4.0 in contrast to large
enterprises. Especially for SMEs, this highlights the requirement to better engage with their
SC partners regarding DT and Industry 4.0 (Schmidt et al., 2020; Veile et al., 2019).

In sum, this paper extends the focus of extant research on maturity models for specific
technologies or applications (Dutta et al., 2021; Mittal et al., 2018, 2020) or limited to specific
cases of single companies (Amaral and Peças, 2021). Instead, it presents results of a broad
sample of SMEs and large enterprises and compares both groups regarding specific
strengths and characteristics. It further contributes to the missing SC perspective of extant
maturity or readiness models that also consider SMEs, in which company-external
perspectives are only marginally evaluated (Felch et al., 2019; Wagire et al., 2020). By
presenting both internal and external perspectives onmaturity towards DT and Industry 4.0,
a combined perspective is generated that allows to compare SMEs and large enterprises
regarding specific characteristics, as presented in Table 1.

The finding that SMEs are focussing on operational and core processes, such as
production processes, extends the findings of M€uller et al. (2021) regarding an exploitation
and optimization focus of SMEs rather than exploring new businessmodels. In particular, the
paper finds that it not only tend to focus on operational processes, but specifically on
production-related processes rather than with their customers and suppliers. Hence, future
research should better understand and differentiate between SMEs’ company-internal (Dutta
et al., 2021) and company-external digitization approaches.
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The higher perception of respondents from SMEs towards readiness regarding strategy
and leadership must further be better understood (Vereycken et al., 2021). While several
authors emphasize the importance of adequate digitization strategies in SMEs (e.g. Colli et al.,
2018; Mittal et al., 2018, 2020 Schumacher et al., 2016), an even higher perception in SMEs
must be further evaluated and understood if this is an evaluation of perception or causality. In
any case, themore flexible structure, allowing faster transformation processes of SMEs could
be an explanation in this regard inwhich SMEs havewaited for a long time regarding DT and
Industry 4.0, but are now beginning to catch up (M€uller et al., 2018).

6. Conclusion
6.1 Managerial implications
Based on raising awareness for digitalization and automation in all business activity areas
among SMEs, the DRC acts as a self-evaluation assessment and provides information about
the digitization level. An additional benefit not addressed in this paper was realized in the
online assessment, which compares a participating company’s answers with the mean of all
given answers at the end of the online survey. Thus, the DRC provides ad hoc insight into the
performance and progress of digitalizing core processes in the form of a benchmark. The
online assessment further draws attention to the advantages of digital and data-based
activities, especially across the SC, promoting the acceleration of these pursuits.

The DRC compares companies in a broad field of activities and areas. The check promotes
ideas regarding company processes and activities that could benefit from digitalization or
ideas that already enjoy a high degree of automation in other companies. These insights are
even more valuable for participating companies because they provide benchmarks between
similar companies from the same region. Respective comparisons with companies of a similar
size in the same region are better for raising awareness of the necessity of digitalization and
providing respective guidance than a random comparison with very different companies
from farther away. The DRC is designed to illustrate the digitalization level, pointing out
potential deficits while offering an inspiring and advisory effect.

As a general recommendation based on the results, strategy, accountability and planning of
DTprocesses are vital and comparably well established in SMEs and large firms. Additionally,
while core processes, such as production, might be increasingly digitized in SMEs, the
digitization and integration of SC processes with customers and suppliers must not be
neglected for all enterprises. SC aspects of Industry 4.0 implementation are generally lagging
and must draw greater attention from companies, especially for platform-based technologies,
data sharing and autonomous processes across the SC.While the concept of Industry 4.0 draws
on integration across the entire SC to unfold its full potential (Kagermann et al., 2013; Veile et al.,
2020), it is still often considered and implemented only within the company borders.

Nevertheless, the overall positive finding for SMEs may not be misinterpreted as
indicating SMEs are no longer in danger of missing out on DT. Many laggards are in danger
of losing ground if they do not enforce their activities for digitalization. These companies
(both SMEs and large enterprises) might not have participated in this survey.

6.2 Limitations and future research
Due to the nature of the DRC as an online survey designed to be completed unsupervised,
several biases may have influenced the sample. Trying to reduce possible sampling bias has
proved difficult because the DRC was primarily promoted at different events and via
newsletters by email targeted at enterprises in Bavaria and Salzburg. Reaching company
representatives who are generally unaware of rapid digitalization developments or who are
already lagging also proved difficult. Further, a study including self-evaluation naturally
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produces limited results due to the self-reporting bias. Hence, the results of this study can
report the perception of respondents towards the respective topics, while the actual situation
at their companies was not measured directly, but only indirectly via the respondents’
opinion. This becomes especially relevant when considering aspects such as employees’
awareness or perception of strategies towards DT or Industry 4.0.

Further, the study is limited to the company self-evaluation in two regions in Austria and
Germany at a single time point. For future research, the study results should be expanded to
different regions. Furthermore, the results can be extended to external observations and
measuring results to investigate developments over time.

To improve these limitations, a revised version of the DRC is already in development. It
will be used in other projects focussing on digitalization and will be the main factor in raising
awareness of the importance of digitalization in SMEs. In future work, revisiting the survey
results collected between January 2019 and August 2020 may lead to further insight into the
development of digital maturity in local businesses in Salzburg and Bavaria.

For future studies, this paper suggests investigating the relationship between
organizational structure, employee inclusion and DT performance in detail, as highlighted
by the results. A second general recommendation is to analyse SC aspects and their
interrelatedness with the DT of internal processes in more detail. Third, the cooperation
between SMEs and large enterprises regarding these aspects represents a productive
research avenue.
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