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Purpose: Given the challenges posed by Industry 4.0, this paper proposes a comprehensive assessment
model suitable for evaluating SMEs digital readiness level. Then, the results of an assessment of 20
manufacturing SMEs using the proposed model are discussed, and the main priorities to successfully
undertake the journey towards Industry 4.0 are highlighted.

Methodology: Given the nature of research, a multiple case studies empirical approach has been adopted.
Starting from a literature review about maturity and readiness assessments models for Industry 4.0, the
model has been built and validated with two pilot case studies. The final model has been used in an extensive
case studies research with 20 enterprises.

Findings: On average, the SMEs analyzed present an intermediate readiness level with respect to Industry
4.0: they are aware of the phenomenon, but the management is still moving the first steps to identify the
most appropriate strategy towards this fourth industrial revolution. Companies still need support to
contextualize Industry 4.0 in their reality, and to identify the investments required for a successful transition.

Originality/value: Since the industry landscape is mainly composed by SMEs and they are the ones needing
more support to understand their path toward Industry 4.0, the proposed model specifically focuses on
SMEs, given its modularity, easiness to be understood, and fit to SMEs organizational structure. Furthermore,
insights from 20 Italian SMEs are discussed and a list of priorities are highlighted.
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1. Introduction

Globalisation and technological innovation engendered enormous challenges to industrial companies such
as aggressive competition, shortened product lifecycles, and high demand volatility. Many manufacturing
enterprises have moved from a mass-oriented to a customized production to cope with an unstable and
increasingly complex business environment, and with the changing customer requirements (Brettel et al.,
2014). In this context, the disruptive concepts linked to the Industry 4.0 (and synonyms like Smart
Manufacturing) pose additional challenges which require organisational capabilities for managing the whole
value-chain in an agile and responsive way to maintain global leadership (Schumacher, 2015). This implies an
increasing complexity on multiple firm levels, that in turn generates uncertainty about the necessary
organizational and technological capabilities, as well as about the suitable strategies to develop them
(Schumacher et al., 2016). Indeed, the transition towards Industry 4.0 requires suitable strategies and
organizational models potentially leading to radical changes involving the whole organization in terms of
physical infrastructure, manufacturing operations and technologies, human resources, and process
management (Gilchrist, 2016). This transformation journey is potentially fraught with concerns and
ambiguity related to the financial resources needed for acquiring the enabling technologies, to the overall
impact on the business model, and to the impact on the companies’ specific business strategy (Schumacher
et al.,, 2016). As a first response to overcome the current stream of mainly conceptual and anecdotal
outcomes of Industry 4.0 presented by both academics and practitioners, firms have started pilot projects
implementing one or more enabling technologies in their current processes, even though only few have fully
and completely exploited their potential and implemented new business models (Roland Berger, 2016).
Organizations need to develop their own strategic roadmap defining the development directions to
understand and facilitate their transition toward Industry 4.0. To this end, the assessment of the current level
of development with regard to the Industry 4.0 vision represents the first relevant step allowing for a
strategic management of the transition (Ghobakhloo, 2018). This is particularly relevant for Small and
Medium Enterprises (SMEs), which encounter difficulties in developing their own strategy regarding Industry
4.0 due to the lack of time, resources, and flexibility (Lofving et al., 2014; Schroder, 2016). However, as
suggested by Sommer (2015), the Industry 4.0 successful implementation could take place only involving
SMEs, which play an important role in many countries’ industrial value creation. Hence, the necessity for new
methods and tools to support SMEs in assessing their current position, identifying fields of action, roadmaps,
and projects. In particular, maturity and readiness assessment models for Industry 4.0 aims at highlighting
enabling technologies and new operational and organizational factors that companies have to manage while
transforming into smart manufacturing systems (Jung et al., 2016).

The aim of this paper is twofold. First, it focuses on the definition of a comprehensive assessment model,
named Digital Readiness Level 4.0 (DRL 4.0), specifically suitable for SMEs to assess their current digital
readiness level, that is their current position with respect to the digital transformation process. The proposed
DRL 4.0 model aims at overcoming the general limitations of other existing models, providing a tool for SMEs
desiring to assess their readiness before undertaking the transformation towards Smart Manufacturing. Since
Industry 4.0 is a broad concept entailing several aspects, this model focuses on both technology
implementation and strategical and operational levels. Second, insights drawn from the assessment of the
digital readiness of 20 manufacturing SMEs through the DRL 4.0 are discussed, highlighting the main priorities
to successfully undertake the journey towards Industry 4.0. In doing so, we aim at accelerating the rate of
adoption of the innovations required for the digitization of the industry by providing a robust knowledge of
the current context and of the potentialities implied.



Due to the exploratory intent of the study, we based our work on a multiple case studies empirical research
(Sousa and Voss, 2001), aiming at answering the following research questions:

1. How is it possible to measure the readiness of SMEs regarding Industry 4.0 implementation?
2. What is the current level of Industry 4.0 maturity in SMEs, and how is it possible to accelerate the
transformation towards it?

In order to achieve these two objectives, the paper is structured as follow. Section 2 deals with a literature
review of extant readiness assessment and maturity models highlighting the main gaps and laying the
foundation for the definition of the digital readiness model. Then, Section 3 reports the research
methodology while Section 4 presents the construction and validation of the model. In Section 5, the results
of the implementation of the model in an extensive case study research are discussed. Starting from them,
we suggest a prioritized set of actions for the acceleration of the transformation towards Industry 4.0 in
Section 6. Section 7 concludes the paper with limitations and further developments.

2. Literature Review

Readiness assessment and maturity models

Industry 4.0 is nowadays one of the major opportunities for companies. However, to successfully implement
Industry 4.0, companies need to define a specific vision and a transformation path in relation to their business
strategy and objectives (Crnjac et al., 2017). Erol et al. (2016), for example, propose a three-stage process to
plan such a transformation. In the first stage, the company needs to “envision” the potentials of Industry 4.0
tailoring the general ideas according to the peculiarities of the industry and company’s environment. In the
second stage, referred to as “enable”, a deeper analysis of the current strengths and weaknesses of the
company is performed to build a roadmap for implementation strategies. Finally, the last stage, named
“enact” has the goal of transforming strategies into concrete projects. In such a model, the “enable” stage
requires an evaluation of the current status of the company to outline properly the future steps. To this end,
readiness assessment models and maturity models represent two useful tools (Blicker et al., 2016).

Besides the differences in their definitions, readiness and maturity are generally used indifferently in
literature to represent the same set of concepts. The concept of readiness refers to “the state of being both
psychologically and behaviourally prepared to take action (i.e., willing and able)” (Weiner, 2009). More
pragmatically, the systemic analysis of an organisation’s ability to cope with and undertake a
transformational process or change is defined as measuring or assessing readiness. A readiness assessment
aims at identify the risks, the opportunities, and the potential challenges that might arise when change
processes (concerning new processes, procedures, organization, etc.) are implemented within an actual
organisational context. In addition, a readiness assessment creates the opportunity to address the gaps in
the existing organisation either before or as part of the change implementation plan (Holt et al., 2007). The
purpose of a readiness assessment is also to find potential barriers to success, thus allowing the organisation
to address them before beginning the change project.

Maturity can be defined as “the state of being complete, perfect or ready” (Soanes and Stevenson, 2006). To
reach a state of maturity, a progressive evolution in demonstrating a specific ability or in achieving a target,
from an initial to a desired end stage, is required (Mettler, 2011). Some argue that maturity relates to “the
degree of formality and optimisation of processes, from ad-hoc practices, to formally defined steps, to
managed result metrics, to active optimisation of the processes” (Singh et al., 2015). Therefore, also maturity
models, similarly to readiness assessment models, are helpful in addressing the objective and impartial
evaluation of a company’s position, and in answering questions such as what needs to be measured and how



to assign a specific stage or degree of maturity (Becker et al., 2009). For this reason, in our research, we
considered both readiness and maturity models.

Maturity and readiness assessment tools provide systematic frameworks enabling benchmark and
performance improvement. Generally, they include a series of descriptions of business performance for
discrete corporate elements. The descriptions are ordered into levels of capability from “not able to do it”
through “continuously improving”. Most of the tools encompass five levels, although it is possible to find
models with a number of levels between three and nine (Vivares et al., 2018). The structure of each level
contains a set of goals that must be addressed to achieve maturity at that specific level, supporting sub goals
which define the scope, limits, and needed actions for a particular level, and activities and tasks that should
be performed in order to achieve the goals at each level (Singh et al., 2015). To move from one level to
another, a company (or a business unit within it) has to undertake improvement actions.

By assessing its current level, an organisation can derive various benefits. First of all, a situational analysis of
its capabilities, the setting of a starting place and a structure that prioritises actions. Then, the assessed
readiness or maturity can be used as a benchmark for comparison, as an aid to understand and to enable
continuous improvement, by understanding the needs of an organisation.

Generally, maturity and readiness models are limited to measure a particular aspect of a domain; even
though multiple models can be aligned to facilitate assessments at a broader level, the multiple models can
create challenges when different dimensions and levels exist (O’Donovan et al., 2016). In fact, in literature,
different groups of maturity models and readiness assessment have been presented. In particular we
recognize assessments focused on people, such as organizational readiness assessments (Shea et al., 2014)
and change readiness assessments (Lehman et al., 2002), or focused on assets and resources, such as
technology readiness assessment (Tran and Daim, 2008). In the next paragraph, we review some of the
existing readiness and maturity models for Industry 4.0 that have emerged in recent years.

Industry 4.0 readiness and maturity assessment models

The maturity of an industrial company with respect to the Industry 4.0 model can be defined as “the state of
advancement of internal and external conditions that support Industry 4.0’s basic concepts, such as the
vertical and horizontal integration of manufacturing systems and enterprises as well as the digital integration
of engineering across the entire value chain” (Schumacher et al., 2016). Similarly, a firms’ readiness towards
Smart Manufacturing is “the willingness and capacity of companies to implement the ideas behind Industrie
4.0” (Lichtblau et al., 2015). Several models have been proposed in literature (Table 1) to address the need
for guided support in developing a company specific Smart Manufacturing vision and a specific project
planning (Ganzarain and Errasti, 2016).

Table 1 — Industry 4.0 readiness assessment and maturity models

The existing models target a wide spectrum of enterprises along several dimensions. The Industry 4.0
Maturity Model (I140MM) addresses manufacturing companies regardless of their geographical location, kind
of products, position along the value chain or size, whereas the Croatian HR-ISE model focuses on
manufacturing enterprises in Croatia, producing a variety of product categories with no specific reference to
the companies’ size. The Forrester’s Digital Maturity Model 4.0 (FDMM 4.0), PwC online self-assessment (PwC
SA), IMP3rove Digital Innovation Quotient, Acatech Industrie 4.0 Maturity Index, instead, do not address a



specific business, assessing the digital maturity of firms from financial and insurance services to
manufacturing and retail, without geographical or size limitations. On the other hand, the System Integration
Maturity Model Industry 4.0 (SIMMI 4.0) is more specific, as it focuses on companies’ IT landscape and design
to make a company move towards Industry 4.0. The Test Industria 4.0 (TI40) addresses manufacturing firms,
without focusing on a specific size. Also in Industry 4.0-MM from Gokalp et al. (2017) and in Industry 4.0
Maturity Model from Akdil et al. (2018) a specific reference about the target of the involved enterprises is
not presented. Finally, only the IMPULS, the Three Stage Maturity Model in SME’s (3SMM) and the SM3E
models are designed to raise awareness and promoting Industry 4.0 implementation in SMEs. With respect
to the output, the majority of the models in Table 1 provide an aggregate index built from the evaluations of
the considered dimensions. Radar charts are often used to show the results. It is worth noticing the
heterogeneity between the considered models regarding the dimensions adopted to evaluate companies
(Table 2).

=========================== |NSERT TABLE 2 ABOUT HERE ==== =z==========

Table 2 — Considered dimensions among existing maturity models

The most relevant dimensions addressed are Technology, Operations, Organization, People/Culture, Strategy
and Products. In the choice of the dimensions for our model, we considered a subset of all the dimensions in
Table 2, aggregating some topics under the same name.

Finally, some of the models feature a modular structure, enabling a tailored analysis of each examined
organisation’s context. Modularity in maturity models is crucial to provide flexibility and adaptability to the
needs of the organization that is assessed (Garcia et al., 2007). In modular maturity models, individual
components of assessment can be chosen, allowing flexibility in the evaluation (Wiegers and Sturzenberger,
2000). For these reasons, we considered modularity as a key feature of our model. Only two of the models
in Table 1 have a modular structure. In particular, IMPULS model allows for adapting the questions to the
company’s context; for instance, by choosing Mechanical Engineering as the industry in which the analysed
firm operates, an additional question about VDMA (Verband Deutscher Maschinen- und Anlagenbau,
Mechanical Engineering Industry Association representing more than 3200, mostly medium-sized,
companies) membership is added to the common survey. PwC SA allows each analysed firm to set at the
beginning of the assessment which of the six dimension better fit their situation and context, giving the
possibility to exclude the last three sections (IT architecture, Compliance, risk, security, tax and Organisation
and culture) that will be not evaluated in the final result.

Limitations of existing models and contribution of the research

The comparison of the different models available in literature allowed for the identification of some
limitations. Due to the relative infancy of the Industry 4.0 topic and the vast array of features that can be
considered, it is difficult to be in any sense exhaustive. Therefore, for the purpose of this study, we aim to
propose an incremental improvement over the existing models. To this end, the effort has been mainly
focused on overcoming two major limitations commonly found in readiness and maturity models: 1) the lack
of focus on SMEs, and 2) the rigidity of the models.

The first limitation concerns the fact that most of the models are not tailored to the specific requirements
that SMEs may have, neither directly nor indirectly. Moeuf et al. (2018) show how Industry 4.0



implementation is complex in SMEs, which under-exploit or ignore some of the available innovative
technologies and practices. In particular, SMEs need help in identifying how to transform the visionary idea
of Industry 4.0 in increased productivity in the shop floor (Ganzarain and Errasti, 2016). For these reasons,
maturity and readiness assessments for SMEs require a deeper investigation about the company’s strategic
vision, and technological and human aspects. Moreover, the most of the abovementioned readiness and
maturity models are conceived to examine different departments of the enterprise or specific ICT tools.
However, SMEs often do not have a well-defined structure both at operational and management level.

The second limitation concerns the fact that the available models usually lack in modularity. The monolithic
structure of existing tools forces the respondents to answer all the questions, even those that do not apply
to their specific context; this in turn generates the risk that questions not relevant for the specific enterprise’s
context negatively influence the final index obtained. For instance, the innovative technologies and processes
that can be implemented into companies are strictly connected to the industry, the business model, and the
products offered by the enterprise. For these reasons, taking into account the applicability of the Industry
4.0 features on a specific company context allows to perform a better evaluation of the readiness and to
provide a roadmap that is tailored to the specific expected benefits that the enterprise wants to achieve.

To overcome the abovementioned limitations, the readiness assessment model presented in the next
sections has been created with the aim at targeting SMEs and allowing for modularity.

3. Methodology

Given the nature of the research, we adopted a multiple case studies empirical approach (Sousa and Voss,
2001). A case study is defined “an empirical inquiry that investigates a contemporary phenomenon within its
real-life context, when the boundaries between the phenomenon and the context are not clearly evident, and
in which multiple sources of evidence are used” (Yin, 2009). Thus, the case study approach allows to observe
the actual practices of companies related to a specific topic (Meredith, 1998; Voss et al., 2002) and allows to
answer the questions “why”, “what” and “how” with a relatively full understanding of the nature and
complexity of the complete phenomenon. Case study is recommended when dealing with complex adaptive
systems, such as the digitalization of companies’ processes. In these cases, researchers should consider
“insider” and “participatory” approaches to research (Ottosson and Bjork, 2004), to capture depth, nuance,
and complex data during the interviews (Mason, 2002). In addition, case study research is particularly
appropriate in the development and validation of an assessment methodology, because the case study’s
purpose may be strictly to describe a situation but, more often, it is to understand how or why events occur
(Yin, 2009). Within a case study, the researcher assesses the conditions surrounding the phenomenon to
build a plausible explanation or discover a causal relationship that links the antecedents to the results
(Benbasat et al., 1987; McCutcheon and Meredith, 1993). Moreover, case study methodology has been used
successfully applied to SMEs, allowing theoretical and literal replication, enabling the identification of
similarities and differences within the group of cases (Chetty, 1996). Finally, field-based research methods,
like case studies, are suitable especially to cope with growing frequency and magnitude of changes in
technology and managerial method (Lewis, 1998), as it is for Industry 4.0 adoption.

To ensure an effective multi-case research, the research protocol depicted in Figure 1 has been devised
(McCutcheon and Meredith, 1993).



Figure 1 — Research protocol

First, a literature review about maturity and readiness assessments models for Industry 4.0 has been
performed to identify the limitations of existing models, outline the research objectives, and position the
contribution of this study (see Section 2). Then, a first draft of the model has been built, and a validation
phase has been carried out to gain feedback from two pilot case studies. The validation phase ended after
few cycles with a final release of the Digital Readiness Level 4.0 (DRL 4.0) validated model that incorporated
some refinements in the original concept. The released model answers the RQ1. The DRL 4.0 was then used
in an extensive case studies research with 20 enterprises. Finally, the collected data have been analysed to
provide significant results, thus answering the RQ2.

A critical phase during case study research is the sampling choice (Miles et al., 1994). The overall research
involved 22 small and medium enterprises localized in Lombardy, Northern Italy, where more than 99% of
companies are SMEs (ISTAT, 2017). The sample for the extensive case study has been built adopting a
judgmental sampling approach (Eisenhardt, 1989; Hameri and Nihtild, 1998). Differently from the random
sampling, where a population is identified and the sample is randomly selected from it (Voss et al., 2002),
judgmental sampling is considered appropriate in exploratory research and in case of limited resources
(Henry, 1990). Moreover, sampling randomly could produce biased samples, while choosing the most
appropriate cases for a specific research strategy is more successful (Seawright and Gerring, 2008).

Thus, the company’s selection has been based mainly on available data from the local industrial association.
In particular, the two companies of the in-depth case studies have been selected taking into account the
main features of the companies and their propensity towards innovation: company A produces machines
with a high technological content mainly through a manual assembly process; company B is more focused on
increasing efficiency in its manufacturing process. The other 20 companies have been selected covering the
main industries in the Lombardy area (Table 3).

Table 3 — Company demographics

4. The Digital Readiness Level (DRL) 4.0 model

DRL 4.0 model building and validation

According to the research protocol (Figure 1), we designed a first proposal of the Digital Readiness Level 4.0
and submitted it to the companies A and B for suggestions. The initial model was composed of 35 questions
with the purpose of gathering information about the company and investigating specific investments and
technological and operational changes related to the Industry 4.0 along five dimensions: Strategy, People,
Processes, Technology, and Integration (Table 4).

============================ |[NSERT TABLE 4 ABOUT HERE ====================

Table 4 — Description of the five dimensions of the DRL 4.0



The validation phase in the companies A and B has been carried out by two experienced researchers through
in-depth interviews (Johnson, 2001) with the innovation managers, who have been in charge of Industry 4.0
pilot projects inside their companies in the last three years. In particular, they provided valuable feedbacks
about the structure and the contents of the DRL 4.0, highlighting the strength and weaknesses of the
proposed model. They had a positive judgement about the dimensions chosen, and proposed some
additional questions to enlarge the scope of the model. Based on these insights, the DRL 4.0 has been
amended adding some more specific questions about the human factor and the competences required in
Industry 4.0. Further, the introductive section about the general overview of the enterprise has been
extended to include more details about the company. These parts, in fact, has been considered crucial to the
correct evaluation and scoring of the answers given by the companies, in order to provide a real modular
model.

The final DRL 4.0 model is composed of 46 questions (available upon request to the authors). To facilitate the
respondents, the questionnaire has been released in Italian. The model is structured in three main sections.
In the first section, 12 close-ended questions concerning the vital statistics of the firm aim at identifying the
size of the enterprise in terms of employment and turnover, the industry, and the general features of the
production process. The second section includes 24, 5-point Likert scale questions concerning the Industry
4.0 technological implementation in the enterprise, encompassing five different dimensions (described in
Table 4). These questions are the core contribution to the DRL assessment. Finally, the third section includes
10 single-choice questions concerning the investments that the examined firm is undertaking or intends to
evaluate in the short period. These questions can influence the final scoring: in fact, if an enterprise is
undertaking an investment into a technology, an increment is assigned to the score assigned for the current
implementation of that technology.

Considering the questions in the second section of the DRL 4.0, referring to technologies and features, the
respondents should provide an answer g; € {1, ...,5} (5-point Likert scale) to each of them; then, ascore S; €

[1,5] is defined for each dimension i as follows:

(1)

Yjeo; by
Si: JEQi ¥

ml
where Q; is the subset of questions referring to the dimension i, b; is a parameter calculated as follows:

e b = 0if the technology/feature j is deemed not applicable,

e b;=ajifthe technology/feature is applicable and the company is not planning any investment on
it (or the investment has already been carried out and completed in the past),

e b; =min(a; + 1;5) if the technology/feature is applicable and the company is currently investing

on it.

and m; is defined as:

m; = card({j:j € Q; A b; > 0}) (2)
From these scores, a single index I is calculated:
n .
] = i=151 (3)
n

where n = 5 is the total number of dimensions.

The final score I defines the Digital Readiness Levels (DRL) of the company according to the rules presented
in Table 5, which also provides the definition of the DRLs.



Table 5 — DRL Clusters rules and definitions

The DRL 4.0 model focuses mainly on SMEs, often not led by professional managers and with great capacity
for improvisation. In this respect, the questions are structured in such a way that fit the SMEs organizational
structure, easy to be understood, and do not require particular a-priori knowledge (Wiesner et al., 2018). The
most important feature of the DRL 4.0 with respect to the majority of other models is its modularity
concerning the context, the vital statistics, and the situation in which each analysed firm finds itself. The DRL
4.0 model aims at fitting the company situation in the best possible way, overcoming the rigidity of the state-
of-the-art tools, which force the examined firm to answer even those questions that do not concern the
company’s context, both in terms of identity data (production process, manufactured products, etc.) and
technologies suitable for that business.

To achieve modularity, the scores assigned to the answers have not been fixed a priori. On the contrary, the
answers to specific questions could be dependent on previously given answers. For instance, if a technology
is not considered as relevant for the firm’s business strategy or process, the fact that it is not adopted do not
affect the final DRL of the enterprise. In the case of Company B, for example, robotics systems were not
identified as a suitable technology, because the company operates in Engineer to Order fashion with low
production volumes requiring many human interventions in the production process. Therefore, although in
a question the respondent stated that no robotic systems are present in the shop floor, the score of the
question did not negatively affected the DRL.

DRL 4.0-based assessment

In order to answer the second research questions, 20 case studies have been developed using semi-
structured interview and direct observation. All the collected data have been stored in a structured database,
to facilitate the analysis. Each interview lasted about three hours on average, involving two to three people
with different business roles: overall, 60% were CEOQ/entrepreneurs, 20% ClO, 10% production managers and
10% operations managers. In addition, direct observations of the company production systems provided
valuable insights on the status of the company, especially referring to the adopted technologies. After the
interview, two directions of analysis have been followed: first, data within case have been analyzed in order
to become intimately familiar with each case as a standalone entity, and to allow the unique patterns of each
case to emerge before seeking to generalize across cases (Eisenhardt, 1989). This analysis allowed to define
the maturity level of each company along the five dimensions, to identify the main strengths and weaknesses,
and to develop a personalized roadmap towards Industry 4.0. Secondly, a cross-case analysis has been carried
out to compare the different cases: by looking at the data in many divergent ways, it was possible to draw
out general insights related to the current state of the art of Italian companies to accelerate Industry 4.0
implementation.

The results of the interviews have been reported to each company during dedicated meeting where results
and suggestions specific to each company have been discussed with the people that participated in the
interview, along with other relevant decision making roles. In the next section, the results from the multiple
case studies are discussed.



5. Case-studies results

In this section, we summarize the main results emerging from the adoption of the DRL 4.0 model in 20 Italian
SMEs (refer to section 3 for the discussion of the sample). Considering the whole sample, we observe an
average index I = 2.8, thus defining an average DRL equal to 3. Figure 2 shows the distribution of the DRL
levels in the sample.

=========================== |[NSERT FIGURE 2 ABOUT HERE ===========

Figure 2 - DRL distribution

This means that companies are currently approaching the path towards Industry 4.0 and the digitalization of
their processes, but there is still room of improvement. More insights can be drawn looking at the different
dimensions, shown in Figure 3.

Figure 3 — Average scores S; of the total sample

Processes

The analysis of the five categories shows that “Processes” is the most mature dimension in the interviewed
companies. As reported by Khan and Turowski (2016), one of the key point of Industry 4.0 is the availability
of a huge amount of data retrieved from the different areas that allows to effectively monitor processes and
to make more informed decisions. Thus, this area analyses, first, how data are gathered, shared and managed
inside the company and, second, how the main internal processes are managed.

Regarding the first point, almost all the analyzed companies gather some kinds of data from the production
system. In particular, 47% of the sample gathers data only at the end of the working shift, while 47% has
implemented tools to continuously retrieve data from their machines. Among this second group, 50% of the
sample is able to remotely monitor in real time the main performance of the production machines. Only 6%
of the sample does not gather any kind of data from their production system.

The main data gathered are those related to warehouse and to wastes and defects generated during the
production process. A smaller portion of the sample monitors data related to the machine performance,
processing time, machine availability, and functioning parameters. These data are mainly used to monitor
the performance of the production system and quality, while application of forecasting, optimization and
predictive maintenance are still missing. However, 50% of companies in the sample are currently investing in
this field in order to increase the amount of data recorded from the production processes, and to improve
the way these data are managed. These results can be justified considering the National Industry 4.0 plan
promoted by the Italian Government, which provides fiscal incentives for investments in new tangible assets,
devices and technologies enabling companies’ transformation to “Industria 4.0”.

Regarding commercial data, they are generally analyzed with a fixed frequency to assess the commercial
process, even if only 35% of companies has a Customer Relationship Management (CRM) tool. However, 40%



of the sample is evaluating its introduction to improve the management of actual and potential customers
as well as all the management of data related to the relationship.

The second aspect analyzed in this dimension is the management of internal processes, considering the
digitalization level and the integration with other processes. The main processes, starting from the strategy
definition and product design to production management, delivery and after sales, have been deeply
investigated. As shown in Figure 4, for each process, the supporting system class has been identified,
distinguishing among Enterprise Resource Planning (ERP), ERP-integrated applications, and stand-alone
applications. The results show that the operative processes are mainly supported by the ERP or ERP-
integrated applications (such as logistics processes, order management and warehouse management). Stand-
alone applications are still used in the after-sales services and in the managerial processes, such as budget
definition and reporting. Thus, it is possible to conclude that the use of integrated information system is quite
spread among the companies especially for routinary tasks. On the other side, advanced data analysis
applications and/or decision support systems are still rarely implemented, as companies generally leverage
on people expertise and personal market and product know-how for decision making. From this point of
view, there is room for improvement in the management of these processes in order to provide information
useful from a strategical point of view.

The “Process” dimension also encompasses after-sales services. Only six companies in the sample provide
after-sales services to their customers; among them, only three leverage on connected products (usually
machines) offering remote maintenance and remote monitoring. Only one company offers Condition Based
Maintenance (CBM), which presumes the remote monitoring or product parameters and the intervention
when one or more parameters are under or above their critical thresholds, signaling that a potential failure
is imminent. The remaining 14 companies do not offer any after-sales services, because either the product is
not suitable to services or the company is still product-oriented without a focus on service. However, the
service processes are not well integrated in the companies, and it is usually managed without the support of
an information system. Consequently, data, information and feedbacks from the service department are not
well managed inside the companies.

Figure 4 — Supporting systems for the enterprise processes

Strategy

The second dimension with the highest value is “Strategy”. This dimension involves the investment in
Research & Development, the strategy definition towards Industry 4.0 and the related roadmap, and top
management commitment. The average investment in R&D is between 1% and 5% of the revenue, aligned
with the Regional level but below the European average (Rapporto Assolombarda, 2017). About 50% of
companies have an Industry 4.0 strategy in place even if not all these companies have already defined a
roadmap and a path toward the implementation of Industry 4.0 principles. These data are confirmed by the
fact that about 50% of companies in the sample are investing in product and technologies related to Industry
4.0. Furthermore, 65% of companies declared that the top management commitment is high, representing a
positive signal for the success of the implementation (De Sousa Jabbour et al., 2018). However, analyzing the
main barriers to implement Industry 4.0 strategy, almost 50% of companies declared that the main barrier is
the lack of an action plan (Figure 5). This can be related to the fact that the companies are currently
approaching their path towards Industry 4.0 and they are still defining the strategy.



Figure 5 — Barriers to Industry 4.0 implementation

People

One of the main key factor in defining and implementing successfully strategy is the competence level of
people involved in the decision and implementation process (Prifti et al., 2017). Figure 6 reports the average
competence level related to smart technologies within a range from 1 (no competence) to 5 (high
competence). Companies are lacking knowledge on the main Industry 4.0 technologies, especially robotics,
automation, big data, loT and Cyber-physical systems (CPS). For this reason, they should establish upskilling
and reskilling actions to allow the employees to exploit the potentials of new technologies. In particular,
lifelong learning and training are required (Zinn and Tenberg, 2015).

Figure 6 — Competence level about smart technologies

Integration

The fourth dimension analyzed is integration, both vertical and horizontal. Vertical integration describes the
intelligent cross-linking and digitalization within the different aggregation and hierarchical levels of a value
creation module from manufacturing stations via manufacturing cells, lines and factories, also integrating the
associated value chain activities such as marketing and sales or technology development (Stock and Seliger,
2016). In our case, it has been evaluated considering the information systems currently implemented inside
a company and their level of integration. Thus, considering the ERP as the core of the company, we assume
that vertical integration is achieved when all the information systems are integrated with it, meaning that
they exchange data in a bidirectional way.

To this purpose, we analyzed which information systems are used in the company and if they are integrated
with the ERP. Figure 7 shows the results. Considering only the integration of information system in a scale
from 1to 5, the average value is 2.9 demonstrating that the different departments are still acting as separate
silos and there is room of improvement to achieve a more efficient internal data sharing and integration.
Analyzing the results in more detail, CAD, CAM, document management and CRM are the most popular
applications, even if they are not always integrated with the ERP. Furthermore, data show that MES systems
are rarely used in the companies (only the 50% has it implemented, and only in the 30% of cases it is
integrated with the ERP). This means that the shop floor is still managed based on people expertise, and its
performance are difficult to keep monitored continuously and in real time. Among companies that do not
currently have a MES, only the 30% is evaluating its introduction. E-commerce and PLM systems are quite
difficult to find in SMEs, maybe because they mainly rely on traditional selling, and PLM are usually not
affordable for small and medium enterprises.
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Figure 7 — IT tools integration

Horizontal integration aims at forming efficient ecosystem through a fluent flow of information, finance, and
material among companies (Wang, Wan, et al., 2016). To this purpose, integration with customers and
suppliers has been investigated in terms of communication and information sharing. The results show that
currently, horizontal integration is very limited (the average value is 2 out of 5): only five companies out of
20 have an Electronic Data Interchange (EDI) system in place with the main customers and suppliers replacing
ordinary e-mail and fax.

Technology

The lack of knowledge about main technologies (Figure 6) is strictly related to the level of adoption of these
technologies. The companies interviewed still leverage traditional manufacturing systems, characterized by
high level of automation but generally adopting traditional human-machine interfaces, provided by the
machines’ suppliers, in order to read machine information (PLC with the related consolle to read the main
working parameters, alarms, and so on). Only two companies are introducing wearables to monitor machines
and receive alarms. Regarding robotics, usually companies use traditional robotics to move products and
components inside their machine tools or the production lines, while collaborative robotics is still considered
not applicable to their production processes. The same for additive manufacturing technologies, where only
30% of companies declared to use 3D printing mainly for the production of samples and prototypes.

Almost all companies are adopting some traceability systems to identify products and component during the
production process and/or after the sale of the product. In particular, 50% of companies use barcode to trace
lots of finished products and components whereas only 20% of the sample uses RFid. However, single product
traceability inside the production process is still limited.

The last technology considered is the cloud. In general, companies prefer to keep data stored on in-house
servers rather than on the cloud. The few companies that trust cloud services mainly exploit it for storage
services or use some software-as-a-service. None of the companies interviewed exploit cloud analytical
services, namely that a user sends data to a provider, and the provider’s hardware performs necessary
actions to the data (i.e. data analytics) and then sends back the results.
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Figure 8 — Technology adoption

6. Discussion

According to the outcomes discussed in the previous section, the sample presents on average an
intermediate readiness level with respect to Industry 4.0. The involved SMEs are aware of the phenomenon,
but the management is still moving the first steps to identify the most appropriate strategy towards this
fourth industrial revolution. Companies still need support to contextualize Industry 4.0 in their reality, and
to identify the investments required for a successful transition.



Independently from the field, the highest priority step and the starting point to undertake a successful
improvement project in any organization is the top management commitment and the definition of
company’s objectives at strategical level (Erol et al., 2016; Fassoula, 2006; Ghobakhloo, 2018). This holds true
also in the definition of a roadmap towards Industry 4.0. In fact, the companies in the sample with the highest
score in the strategy dimension are also the ones with the highest DRL. Furthermore, the lack of a digital
strategy, vision, and action plan were the most mentioned barriers. Top management must endorse
initiatives in the Industry 4.0 areas, providing the necessary resources and support along all the
implementation phases. Indeed, only the highest levels of management have budget responsibility, and are
able to dedicate resources to specific activities and realign the incentives to develop cross-functional
capabilities. A lack of top management support makes any integrative efforts superficial and ineffective. At
the same time, also lower-level managers and workers across the organization should be involved and
committed to the project (Fawcett et al., 2006).

The Industry 4.0 strategy should encompass a (re)definition of the company’s offering and its relationship
with customers. The results showed in the previous session demonstrates that companies are still mainly
product-oriented, and only a small percentage of the sample offers after-sales services through connected
products. This trend would probably change in the next years, and companies would need a structured
approach to integrate the product and service components since the early stage of the design phase (Pezzotta
et al., 2018). Indeed, as more software and embedded intelligence are integrated in the products, a growing
amount of data related to all the phases of the lifecycle are becoming available, fostering companies to
develop new businesses. Predictive technologies along with intelligent algorithms will allow to predict
product performance degradation, and autonomously manage and optimize product and service needs (Lee
et al.,, 2014). This would lead manufacturing company to move towards service transformation and, in
particular, towards the offering of services enabled by digital technologies and connectivity, such as remote
monitoring and predictive maintenance (Ardolino et al., 2018), moving the paradigm of manufacturing from
product to usage (Roland Berger, 2016).

Companies need to identify and recruit the competence and the skills needed to implement the Industry 4.0
strategy and their business model. In this context, competence related to problem solving, optimization,
analytical skills, big data, and cognitive abilities are becoming increasingly relevant (BeneSova and Tupa,
2017; Pinzone et al., 2017; Prifti et al., 2017). Even if the companies analyzed seem aware of this necessity —
and are trying to fulfill their gap, especially in terms of data analytics — skills gaps still exist, mainly related to
the technological field (e.g. loT, robotics). Further, as Industry 4.0 will lead to a more interdisciplinary,
international and flexible work environments, competencies such as working in interdisciplinary
environments, flexibility, adaptability, critical thinking, customer orientation, and change management are
becoming required skills (Prifti et al., 2017). Thus, exhaustive training programs devoted to the different
facets of Industry 4.0 are required.

Once the management has defined the objectives of the company, and allocated the appropriate resources,
investments can take place. The case studies showed that the “Process” dimension is the most mature area,
even if the automatic collection of data regards only some production data and it is used to a limited extent,
while “Integration” is one of the less mature dimensions. Thus, investment should aim at connecting the
different departments of companies, improving the information sharing and enabling a data-enabled
decision-making processes. Indeed, personal expertise is so far the main support for managerial processes,
and decision support systems are not widespread among SMEs. As pointed by Lasi et al. (2014), Industry 4.0
drives manufacturing in two directions: application-pull (changes are induced by new exogenous conditions,
i.e. short development period, individualization of demand, flexibility, decentralization and resource
efficiency), and technology-push, with an increase of digitalization, automation, mechanization and



miniaturization. Thus, at the organization level, the success factor is the ability to implement a smart factory,
where components are able to communicate with one another at the field level, in real-time, and with an
intelligent functionality that collects data, interprets them, and offers meaningful insights to the
management (Gilchrist, 2016). On the one side, this requires the integration of CPS in the production floor to
manage the interconnection between physical assets and computational capabilities (Lee et al., 2015). On
the other side, it requires an ubiquitous processes integration among companies to allow real time and
effective data and information sharing at the different levels of the organization, enabling prompt reactions
in case of internal and/or external problems. Developing a CPS application requires the acquisition of
accurate and reliable data from machines and their components, through sensors (Lee et al., 2015). These
data, along with traceability information, allow a real-time management of the production flows, and help
decision makers understanding how plant floors can be optimized and production outputs improved. To this
purpose, technologies for the single piece traceability (e.g. RFid) and the implementation of Manufacturing
Execution System (MES) integrated with the ERP would facilitate the information transparency and
connectivity to business data in real-time (Wang, Gunasekaran, et al., 2016). Furthermore, data and
information sharing among the other areas of companies (e.g. design, marketing, ...) and with other actors
of the value chain (i.e. suppliers and customers) can be reached through the implementation and integration
of other information systems, such as PLM, PDM, WMS, and so on.

The results from case studies along with these Industry 4.0 principles and technology trends, such as
horizontal and vertical integration, indicate that IT has a relevant weight in the digital transformation. Thus,
an initial detailed analysis of the actual IT infrastructure and an accurate cost-benefit analysis of possible
investment should be the starting point of any projects, which must be characterized by precise definition of
needs, objectives, to-be situation, and activities planning.

Lastly, Industry 4.0 is also about automation technologies (such as robotics, additive manufacturing, and so
on) which make the production processes more efficient. Our research suggests that the main problems for
SMEs are mainly related to the data and information management inside and outside the company
boundaries, which is one of the main key point of Industry 4.0. Then, the integration of data and processes,
mainly between the production floor and the other areas of the company, represents a higher priority in the
journey towards the implementation of Industry 4.0.

7. Conclusions

The assessment of the current capabilities of an organization with respect to the endeavor required by the
structural changes advocated by the Industry 4.0 model is a mandatory step to outline the projects and the
investment to undertake. In this respect, the primary aim of this research was to design an assessment tool
addressing the readiness of SMEs with respect to Industry 4.0. The DRL 4.0 tool was designed to overcome
some limitations of existing maturity models, whose monolithic structure does not always fit SMEs
organization. The analysis of the maturity of 20 companies based on the DRL 4.0 allowed us to identify some
priorities in the transition towards Industry 4.0. These priorities involve the strategy and business model, the
technology basis of the company, the skills and competence required, the processes’ digitalization, thus
requiring a careful and overarching planning and execution.

Future work should aim at extending the capabilities assessment with the definition of specific road maps
and action steps to drive the transition from the current maturity level to the desired one, taking into account
the, often limited, amount of resources available to SMEs.



8. Reference

Akdil, K.Y., Ustundag, A. and Cevikcan, E. (2018), “Maturity and Readiness Model for Industry 4.0 Strategy”,
Industry 4.0: Managing The Digital Transformation, Springer International Publishing, Cham, pp. 61—
94,

Ardolino, M., Rapaccini, M., Saccani, N., Gaiardelli, P., Crespi, G. and Ruggeri, C. (2018), “The role of digital
technologies for the service transformation of industrial companies”, International Journal of
Production Research, Vol. 56 No. 6, pp. 2116-2132.

Becker, J., Knackstedt, R. and P&dppelbul3, J. (2009), “Developing Maturity Models for IT Management”,
Business & Information Systems Engineering, Vol. 1 No. 3, pp. 213-222.

Benbasat, |., Goldstein, D.K. and Mead, M. (1987), “The Case Research Strategy in Studies of Information
Systems”, MIS Quarterly, Vol. 11 No. 3, p. 369.

Benesova, A. and Tupa, J. (2017), “Requirements for Education and Qualification of People in Industry 4.0”,
Procedia Manufacturing, Vol. 11, pp. 2195-2202.

Brettel, M., Friederichsen, N., Keller, M. and Rosenberg, M. (2014), “How virtualization, decentralization and
network building change the manufacturing landscape: An Industry 4.0 Perspective”, International
Journal of Mechanical, Industrial Science and Engineering, Vol. 8 No. 1, pp. 37—44.

Bucker, 1., Hermann, M., Pentek, T. and Otto, B. (2016), “Towards a Methodology for Industrie 4.0
Transformation”, in Abramowicz, W., Alt, R. and Franczyk, B. (Eds.), Business Information Systems,
Springer International Publishing, pp. 209-221.

Chetty, S. (1996), “The Case Study Method for Research in Small-and Medium-Sized Firms”, International
Small Business Journal, Vol. 15 No. 1, pp. 73-85.

Crnjac, M., Veza, |. and Banduka, N. (2017), “From Concept to the Introduction of Industry 4.0”, International
Journal of Industrial Engineering and Management, Vol. 8, p. 21.

De Sousa Jabbour, A.B.L., Jabbour, C.J.C., Foropon, C. and Godinho Filho, M. (2018), “When titans meet — Can
industry 4.0 revolutionise the environmentally-sustainable manufacturing wave? The role of critical
success factors”, Technological Forecasting and Social Change, Vol. 132, pp. 18-25.

Eisenhardt, K.M. (1989), “Building Theories from Case Study Research”, The Academy of Management
Review, Vol. 14 No. 4, pp. 532-550.

Erol, S., Schumacher, A. and Sihn, W. (2016), “Strategic guidance towards Industry 4.0—a three-stage process
model”, International Conference on Competitive Manufacturing, Vol. 9, pp. 495-501.

Fassoula, E.D. (2006), “Transforming the supply chain”, edited by Ketikidis, P.H.Journal of Manufacturing
Technology Management, Vol. 17 No. 6, pp. 848-860.

Fawcett, S.E., Ogden, J.A., Magnan, G.M. and Bixby Cooper, M. (2006), “Organizational commitment and
governance for supply chain success”, International Journal of Physical Distribution & Logistics
Management, Vol. 36 No. 1, pp. 22-35.

Ganzarain, J. and Errasti, N. (2016), “Three stage maturity model in SME’s toward industry 4.0”, Journal of
Industrial Engineering and Management, Vol. 9 No. 5, pp. 1119-1128.

Garcia, V.C., Lucredio, D., Alvaro, A. and de Almeida, E.S. (2007), “Towards a Maturity Model for a Reuse
Incremental Adoption”, SBCARS, pp. 61-74.

Ghobakhloo, M. (2018), “The future of manufacturing industry: a strategic roadmap toward Industry 4.0”,
Journal of Manufacturing Technology Management, Vol. 29 No. 6, pp. 910-936.

Gilchrist, A. (2016), Industry 4.0: The Industrial Internet of Things, Apress.

Gill, M. and VanBoskirk, S. (2016), “The Digital Maturity Model 4.0”, p. 17.

Gokalp, E., Sener, U. and Eren, P.E. (2017), “Development of an Assessment Model for Industry 4.0: Industry
4.0-MM”, in Mas, A., Mesquida, A., O’Connor, R.V., Rout, T. and Dorling, A. (Eds.), Software Process



Improvement and Capability Determination, Vol. 770, Springer International Publishing, Cham, pp.
128-142.

Hameri, A.-P. and Nihtila, J. (1998), “Product data management—exploratory study on state-of-the-art in
one-of-a-kind industry”, Computers in Industry, Vol. 35 No. 3, pp. 195-206.

Henry, G.T. (1990), Practical Sampling, SAGE.

Holt, D.T., Armenakis, A.A., Feild, H.S. and Harris, S.G. (2007), “Readiness for Organizational Change: The
Systematic Development of a Scale”, The Journal of Applied Behavioral Science, Vol. 43 No. 2, pp.
232-255.

IMP3rove Academy. (2007), “Information on IMP3rove for Innovation Management Professionals”.

Johnson, J.M. (2001), “5 In-Depth Interviewing”, Handbook of Interview Research, SAGE Publications, Inc.,
pp. 103-119.

Jung, K., Kulvatunyou, B., Choi, S. and Brundage, M.P. (2016), “An Overview of a Smart Manufacturing System
Readiness Assessment”, in Naas, I., Vendrametto, O., Mendes Reis, J., Goncalves, R.F., Silva, M.T.,
von Cieminski, G. and Kiritsis, D. (Eds.), Advances in Production Management Systems. Initiatives for
a Sustainable World, Springer International Publishing, pp. 705-712.

Khan, A. and Turowski, K. (2016), “A Survey of Current Challenges in Manufacturing Industry and Preparation
for Industry 4.0”, in Abraham, A., Kovalev, S., Tarassov, V. and Snasel, V. (Eds.), Proceedings of the
First International Scientific Conference “Intelligent Information Technologies for Industry” (1ITI’16),
Springer International Publishing, pp. 15—-26.

Lasi, H., Fettke, P., Kemper, H.-G., Feld, T. and Hoffmann, M. (2014), “Industry 4.0”, Business & Information
Systems Engineering, Vol. 6 No. 4, pp. 239-242.

Lee, J., Bagheri, B. and Kao, H.-A. (2015), “A Cyber-Physical Systems architecture for Industry 4.0-based
manufacturing systems”, Manufacturing Letters, Vol. 3, pp. 18-23.

Lee, J., Kao, H.-A. and Yang, S. (2014), “Service Innovation and Smart Analytics for Industry 4.0 and Big Data
Environment”, Procedia CIRP, Vol. 16, pp. 3-8.

Lehman, W.E.K., Greener, J.M. and Simpson, D.D. (2002), “Assessing organizational readiness for change”,
Journal of Substance Abuse Treatment, Vol. 22 No. 4, pp. 197-209.

Lewis, M.W. (1998), “Iterative triangulation: a theory development process using existing case studies”,
Journal of Operations Management, Vol. 16 No. 4, pp. 455—-469.

Leyh, C., Schaffer, T., Bley, K. and Forstenhdausler, S. (2016), “SIMMI 4.0 — A Maturity Model for Classifying
the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0, pp. 1297-1302.

Lichtblau, K., Stich, V., Bertenrath, R., Blum, M., Bleider, M., Millack, A., Schmitt, K., et al. (2015), “IMPULS,
Industrie 4.0 readiness”.

Lofving, M., Safsten, K. and Winroth, M. (2014), “Manufacturing strategy frameworks suitable for SMEs”,
Journal of Manufacturing Technology Management, Vol. 25 No. 1, pp. 7-26.

Mason, J. (2002), Researching Your Own Practice : The Discipline of Noticing, Routledge, available
at:https://doi.org/10.4324/9780203471876.

McCutcheon, D.M. and Meredith, J.R. (1993), “Conducting case study research in operations management”,
Journal of Operations Management, Vol. 11 No. 3, pp. 239-256.

Meredith, J. (1998), “Building operations management theory through case and field research”, Journal of
Operations Management, Vol. 16 No. 4, pp. 441-454.

Mettler, T. (2011), “Maturity assessment models: a design science research approach”, Int. J. Society Systems
Science, Vol. 3, p. 18.

Miles, M.B., Huberman, A.M., Huberman, M.A. and Huberman, P.M. (1994), Qualitative Data Analysis: An
Expanded Sourcebook, SAGE.



Mittal, S., Romero, D. and Wuest, T. (2018), “Towards a Smart Manufacturing Maturity Model for SMEs
(SM3E)”, Advances in Production Management Systems. Smart Manufacturing for Industry 4.0,
presented at the IFIP International Conference on Advances in Production Management Systems.

Moeuf, A., Pellerin, R., Lamouri, S., Tamayo-Giraldo, S. and Barbaray, R. (2018), “The industrial management
of SMEs in the era of Industry 4.0”, International Journal of Production Research, Vol. 56 No. 3, pp.
1118-1136.

O’Donovan, P., Bruton, K. and O’Sullivan, D.T.J. (2016), “IAMM: A maturity model for measuring industrial
analytics capabilities in large-scale manufacturing facilities”, available at:
https://cora.ucc.ie/handle/10468/5396 (accessed 6 July 2018).

Ottosson, S. and Bjork, E. (2004), “Research on dynamic systems—some considerations”, Technovation, Vol.
24 No. 11, pp. 863—-869.

Pezzotta, G., Sassanelli, C., Pirola, F., Sala, R., Rossi, M., Fotia, S., Koutoupes, A., et al. (2018), “The Product
Service System Lean Design Methodology (PSSLDM): Integrating product and service components
along the whole PSS lifecycle”, Journal of Manufacturing Technology Management, available
at:https://doi.org/10.1108/JIMTM-06-2017-0132.

Pinzone, M., Fantini, P., Perini, S., Garavaglia, S., Taisch, M. and Miragliotta, G. (2017), Jobs and Skills in
Industry 4.0: An Exploratory Research.

Politecnico di Milano. (2017), “Test industria 4.0”, available at: https://www.testindustria4-0.com (accessed
6 July 2018).

Prifti, L., Knigge, M., Kienegger, H. and Krcmar, H. (2017), “A Competency Model for" Industrie 4.0"
Employees”, available at: http://aisel.aisnet.org/wi2017/track01/paper/4/ (accessed 26 January
2017).

PwC. (2014), “Industry 4.0 - Self Assessment”, available at: https://i4-0-self-assessment.pwc.nl/i40/landing/
(accessed 6 July 2018).

Rapporto Assolombarda. (2017), “Le performance delle imprese europee: un’analisi benchmark”, available
at: http://www.assolombarda.it/centro-studi/le-performance-delle-imprese-europee-unanalisi-
benchmark-rapporto-2017 (accessed 26 July 2018).

Roland Berger. (2016), “The Industrie 4.0 transition quantified”.

Schroder, C. (2016), “The challenges of industry 4.0 for small and medium-sized enterprises”, Friedrich-Ebert-
Stiftung.

Schuh, G., Anderl, R., Gausemeier, J., Ten Hompel, M. and Wahlster, W. (2017), “Industrie 4.0 Maturity
Index.Managing the Digital Transformation of Companies”, Herbert Utz Verlag, Munich, available at:
http://www.plattform-i40.de/140/Redaktion/EN/Downloads/Publikation/acatech-i40-maturity-
index.pdf?__blob=publicationFile&v=3 (accessed 21 November 2017).

Schumacher, A. (2015), Development of a Maturity Model for Assessing the Industry 4.0 Maturity of Industrial
Enterprises., Wien: Technische Universitat Wien - Vienna University of Technology., Wien,
September, available at:
http://repositum.tuwien.ac.at/obvutwhs/download/pdf/1641122?0originalFilename=true (accessed
5 July 2018).

Schumacher, A,, Erol, S. and Sihn, W. (2016), “A Maturity Model for Assessing Industry 4.0 Readiness and
Maturity of Manufacturing Enterprises”, Procedia CIRP, Vol. 52, pp. 161-166.

Seawright, J. and Gerring, J. (2008), “Case Selection Techniques in Case Study Research: A Menu of Qualitative
and Quantitative Options”, Political Research Quarterly, Vol. 61 No. 2, pp. 294-308.

Shea, C.M., Jacobs, S.R., Esserman, D.A., Bruce, K. and Weiner, B.J. (2014), “Organizational readiness for
implementing change: a psychometric assessment of a new measure”, Implementation Science, Vol.
9, p.7.



Singh, S., Kaur, G., Kaur, P. and College, D.A.V. (2015), “Importance of Testing Maturity Model”, Vol. 8 No. 2,

p. 3.
Soanes, C. and Stevenson, A. (2006) ‘The concise Oxford english dictionary’.

Sommer, L. (2015), “Industrial revolution - industry 4.0: Are German manufacturing SMEs the first victims of
this revolution?”, Journal of Industrial Engineering and Management, Vol. 8 No. 5, pp. 1512—-1532.

Sousa, R. and Voss, C.A. (2001), “Quality Management: Universal or Context Dependent?”, Production and
Operations Management, Vol. 10 No. 4, pp. 383—-404.

Stock, T. and Seliger, G. (2016), “Opportunities of Sustainable Manufacturing in Industry 4.0”, Procedia CIRP,
Vol. 40, pp. 536-541.

Tran, T.A. and Daim, T. (2008), “A taxonomic review of methods and tools applied in technology assessment”,
Technological Forecasting and Social Change, Vol. 75 No. 9, pp. 1396—1405.

Veza, |., Mladineo, M. and Peko, I. (2015), “Analysis of the current state of croatian manufacturing industry
with regard to Industry 4.0”, available at:https://doi.org/10.13140/rg.2.1.1205.8966.

Vivares, J.A., Sarache, W. and E., H. (2018), “A maturity assessment model for manufacturing systems”,
Journal of Manufacturing Technology Management, Vol. 29 No. 5, pp. 746-767.

Voss, C., Frohlich, M. and Tsikriktsis, N. (2002), “Case research in operations management”, International
Journal of Operations & Production Management, Vol. 22 No. 2, pp. 195-219.

Wang, G., Gunasekaran, A., Ngai, E.W.T. and Papadopoulos, T. (2016), “Big data analytics in logistics and
supply chain management: Certain investigations for research and applications”, International
Journal of Production Economics, Vol. 176, pp. 98-110.

Wang, S., Wan, J,, Li, D. and Zhang, C. (2016), “Implementing Smart Factory of Industrie 4.0: An Outlook,
Implementing Smart Factory of Industrie 4.0: An Outlook”, International Journal of Distributed Sensor
Networks, International Journal of Distributed Sensor Networks, Vol. 2016, 2016, p. €3159805.

Weiner, B.J. (2009), “A theory of organizational readiness for change”, Implementation Science, Vol. 4, p. 67.

Wiegers, K.E. and Sturzenberger, D.C. (2000), “A modular software process mini-assessment method”, IEEE
Software, Vol. 17 No. 1, pp. 62—69.

Wiesner, S., Gaiardelli, P., Gritti, N. and Oberti, G. (2018), “Maturity Models for Digitalization in
Manufacturing - Applicability for SMEs”, in Moon, I., Lee, G.M., Park, J., Kiritsis, D. and von Cieminski,
G. (Eds.), Advances in Production Management Systems. Smart Manufacturing for Industry 4.0, Vol.
536, Springer International Publishing, Cham, pp. 81-88.

Yin, R.K. (2009), “Case Study Research: Design and Methods (Applied Social Research Methods)”, p. 1.

Zinn, B. and Tenberg, R. (2015), “Developments 4.0 Prospects on future requirements and impacts on work
and vocational education”, p. 18.



Name Source Target Output Analysed dimensions
Industry 4.0 Maturity | (Schumacher | Manufacturing | Spider diagram of nine | Strategy, Leadership,  Customers,
Model - (140MM) etal., 2016) Firms analysed dimensions Products, Operations, Culture, People,
Governance, Technology
Croatian model of (Veza etal., Croatian Index based on the average | Product Development, Technology,
Innovative Smart 2015) Manufacturing | of the positioning of each | Production Management, Production
Enterprise — (HR-ISE Firms dimension in the 1st-4th | Monitoring, Materials Inventory
model) Industrial Revolution Management, Management of Stocks
of Finished Products, Quality Assurance,
Product Lifecycle Management, Toyota
Production System
Forrester Digital (Gill and Firms Index to assign to maturity | Culture, Technology, Organisation,
Maturity Model 4.0 - | VanBoskirk, segments (Differentiators, | Insights
(FDMMA40) 2016) Collaborators, Adopters,
Skeptics)
System Integration (Leyh et al., Firms Positioning of four Horizontal, Vertical integration, Digital
Maturity Model 2016) dimensions in five Product Development, Cross-sectional
Industry 4.0 - (SIMMI maturity Levels Technology Criteria
4.0)
Industry 4.0 (Lichtblau et SMEs Positioning in six readiness | Strategy&Organisation, Smart Factory,
Readiness Online al., 2015) levels Smart Operations, Smart Products,
Self-Check for Data-driven Services, Employees
Businesses -
(IMPULS)
Test Industria 4.0 — (Politecnico Manufacturing | General maturity index to Analysis Dimensions (Execution,
(T140) di Milano, Firms assign to five digital Monitoring&Control, Technologies,
2017) maturity levels - Report Organisation)
with Opportunities
PwC - Online Self- (PwC, 2014) Firms Radar chart based on six Business Models, Product&Service
Assessment (PwC SA) dimensions, positioning in portfolio; Market&Customer Access;
one of four levels Value chains, process & systems; IT
Architecture; Compliance, risk,
security, tax; Organisation and Culture
IMP3rove Digital (IMP3rove Firms Radar chart of dimensions, | Innovation Strategy, Business models,
Innovation Quotient Academy, report with benchmark, Processes, Ecosystem and Culture,
2007) roadmap for Innovation Enabling Factors (Financial resources,
IT, risks and compliance)
The Acatech (Schuh et al., Firms Positioning of the four Resources, Information Systems,
Industrie 4.0 2017) dimensions in six levels Organizational structure, Culture
Maturity Index
Three Stage Maturity | (Ganzarain SMEs Positioning in five maturity | Not considered

Model in SME’s
(3SMM)

and Errasti,
2016)

levels




SM3E (Mittal et al., SMEs Positioning of five Finance, People, Strategy, Product,
2018) dimensions in four Process
maturity levels
Industry 4.0-MM (Gokalp et Firms Positioning in six maturity Asset Management, Data Governance,
al., 2017) levels Application Management, Process
Transformation, Organizational
Alignment
Industry 4.0 Maturity | (Akdil etal., Firms Positioning of three Smart products and services, Smart
Model 2018) dimensions in four business processes, Strategy and
maturity levels Organization

Table 6 — Industry 4.0 maturity and readiness assessment models
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140MM X X X X X X X
HR-ISE X X X
FDMM 4.0 X X X X
SIMMI 4.0 X X X
IMPULS X X X X X X
TI40 X X X X X
PwC SA X X X X X X X X X
IMP3rove X X X X X
Acatech X X X X
3SMM X
SM3E X X X X
Industry 4.0-MM X X X X
Industry 4.0 Maturity Model | X X X X X X

Table 7 — Considered dimensions among existing maturity models




Ind % of SMEs in the Number of case
ndustry industry studies
Manufacture of fabricated metal products, except machinery and 26% 3
equipment
Manufacture of machinery and equipment n.e.c. 17% 4
Manufacture of rubber and plastic products 11% 2
Manufacture of textiles 6% 2
Manufacture of electrical equipment 5% 5
Manufacture of wearing apparel 5% 1
Manufacture of chemicals and chemical products 4% 1
Manufacture of food products 4%
Manufacture of other non-metallic mineral products 4%
Manufacture of wood and of products of wood and cork, except furniture; 3%
manufacture of articles of straw and plaiting materials
Manufacture of basic metals 3%
Manufacture of computer, electronic and optical products 3% 1
Printing and reproduction of recorded media 2%
Manufacture of paper and paper products 2%
Manufacture of motor vehicles, trailers and semi-trailers 1%
Manufacture of other transport equipment 1%
Manufacture of beverages 1%
ManufacFure of basic pharmaceutical products and pharmaceutical 1% 1
preparations
Other manufacturing 3%

Table 3 — Case studies distribution among industries

Dimension | Description Considered literature
dimensions
Strategy Analyses the strategy of the company with respect to Strategy, Organisation,
digitalization and the adoption of Industry 4.0 principles. Innovation, Risk
People Analyses people skills and how the know-how is managed People/Culture
inside the company.
Analyses how internal processes are managed from a Products, Customers,
Processes digitalization point of view and how data are collected, shared | Services, Operations
and managed inside the company.
Analyses the current adoption of the Industry 4.0 enabling Technology
Technology .
technologies.
. Analyses the digitalization level and the integration with other | Integration
Integration

actors of the value chain.

Table 4 — Description of the DRL 4.0’s five dimensions




DRL

Rule

Definition

DRL1

1</<1,8

Identifies a company not involved in Industry 4.0 pilot initiatives. Information
Technology (IT) systems support only few processes (processes are partially
digitised or not digitised at all), and the current infrastructure do not allow process
integration. Collection of data from field is not done. The skills needed to expand
Industry 4.0 are found only in few areas of the company. Horizontal integration
and internal information sharing are limited while no integration is foreseen with
other actors of the value chain. The business does not pursue service-oriented and
cloud-based approaches.

DRL 2

1,8<1<2,6

Identifies an intermediate-level company that includes Industry 4.0 into its
strategic orientation. The company is planning some pilot initiatives.

Information Technology (IT) systems support routinary activities (processes are
quite digitised), and the current infrastructure allows some process integration.
Automatic and real time collection of data regards only some production data and
it is used to a limited extent. Horizontal integration and internal information
sharing is limited to some areas and the first steps are being taken to integrate
data with value chain members. Employees own the necessary skills with respect
to Industry 4.0 only in some areas.

DRL3

2,6<1<3,4

Identifies a company that has formulated an Industry 4.0 strategy and is investing
to promote the introduction of Smart Manufacturing. Information Technology (IT)
systems support most of the processes, and the current infrastructure allows
process integration. Data are automatically collected in real time in key areas of
production. Information sharing, both internal and with external actors, is partially
integrated into the system. At this level, the company manufactures products
equipped with IT-based functionalities, enabling the provision of first data-driven
services, which still account for a small share of revenues. Efforts to expand
employee skills are in place.

DRL4

3,4<1<4,2

Identifies a company which is already implementing an Industry 4.0 strategy,
monitoring its development with suitable indicators. The company is horizontally
and vertically integrated, and Industry 4.0 requirements have been implemented
within the company, automating information flows. Investments concern nearly
all relevant areas, and an interdepartmental innovation management supports the
process. Data about production processes are collected and used for optimization.
Information sharing is largely integrated into the system, both internally and with
value chain partners. The products feature IT-based functionalities, allowing data
collection during the usage phase, enabling and supporting data-driven services.
Services are available ubiquitously within the company, and can be accessed
anywhere, allowing employees to retrieve information through mobile devices.
The company has the necessary skills in most of the relevant areas.

DRL5

42<]<5

Identifies a company that has already implemented its Industry 4.0 strategy and
continuously monitors its implementation. The company is fully digitized, both
inside and beyond corporate borders, and integrated with the value chain.
Investments are made throughout the company. Large amount of data about
production processes are collected and used for process optimization. Some areas
of production currently use autonomously guided work lines and processes able
to react autonomously. The data collected in during the product usage phase are
used considerably for functions such as product development and remote
maintenance. Data-driven services for consumers account for a significant share
of revenues, and the producer is fully integrated with the customer. The company
has the internal human skills it needs in all critical areas.

Table 5 — DRL cluster rules and definitions
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Figure 11 — Average scores S; and standard deviations of the total sample

Outbound logistics
Inbound logistics 5% X/ T
Production order management ~ 10%
Warehouse management 15% 85%
Bill of material generation 5% IEE /I
Product data and information management 5% G Z2N e
Customer data management
Cost accounting
Time and motion analysis data management 20%
Production cycle generation 15%
Production control 25%
Product design  10%
Production/order planning and scheduling 15%
Offering management 5% N - 7
Report/KPI ~ 10% 45% 45%
Workflow management 50%
Sales budget  10%
Production budget
Claim management  15%
After-sales service management 60%
Internal maintenance 35%
Process simulation 80%
Strategy defition and monitoring 40%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Not supported/not done W Stand-alone application B ERP/ERP-integrated application

Figure 12 — Supporting systems for the enterprise processes



Action plan is missing

Economical benefits not clear

Digital strategy and vision missing

High cost and problems related to 14.0 implementation

Internal IT infrastructure and automation is not adeguate

Competence and skills missing

Solutions not economical feasible for SMEs

Nedeed hardware not known
External collaboration on digital technology difficult 10%

Internal collaboration is difficult 5%

Service and technology supplier not known &1

0% 10% 20% 30% 40% 50%

% of respondents (multiple choice)

Figure 13 — Barriers to Industry 4.0 implementation
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Figure 14 — Competence levels about smart technologies



Warehouse Management System (WMS)
Document management

Computer Aided Design (CAD)

Customer Relationship Management (CRM)
Workflow management

Manufacturing Execution System (MES)
Product Data Management (PDM)
Computer Aided Manufacturing (CAM)
E-commerce

Product Lifecycle Management (PLM)

Used and i

Traceability technologies

Additive manufacturing

Human-machine interface

Cloud

Robotics

55% 20% 25%
45% 30% 25%
45% 35% 20%
40% 35% 25%
30% 25% 45%
30% 20% 50%
25% 25% 50%
20% 35% 45%
15% 10% 75%
15% 10% 75%
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ntegrated M Used but not integrated B Not used
Figure 15 - IT tools integration
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Figure 16 — Technology adoption
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