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ABSTRACT

Digital transformation has many facets, one of them being the process of smartifying
a traditional, non-smart product into a smart product as well as developing smart
services. Smart products collect data via sensors, store, process and communicate
data via a network, and react to data via actuators. As an added value, a company
uses the processed data to offer smart services. The decisions a SME’s CEO needs
to make when visioning to smartify or improve the smartification of own products
also depend on the knowledge which capabilities need to be build up. Capability and
maturity model (CMM) based approaches are common methods to identify the gap
between the current situation and the target situation a SME needs to achieve in order
to fulfill the business goals which have been set up. We research a methodological and
tool-based approach to identify the maturity of SMEs on their way to smartify their
products, which is made up of a three-dimensional CMM to determine the maturity
levels regarding eleven areas of action as well as their cross-sectoral base capabilities,
and a process model to apply the CMM. In this paper we describe a method to detail
the subareas of action for each capability/maturity level within the CMM. We define
the method requirements to be able to identify and integrate relevant characteristics
in our CMM following the sole purpose of smartification but also looking into related
subjects like digital transformation as well as retrofitting for Industry 4.0.

Keywords: Smartification, Capability and maturity model based approaches, Data related
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INTRODUCTION

Digital transformation has many facets. Among others, digital transformation
includes the digitalization of administrative processes, digitalization of
product production sights as well as the process of transforming a traditional,
non-smart product into a smart product and developing smart services
(smartification) (Frings and Kett, 2021).

For small and medium enterprises (SMEs) developing and producing
physical products (for example a walker being assigned to the health
care sector) the internal and external pressure to participate in the digital
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transformation is increasing. On the one hand, there are general factors like
the need to keep up with the competition as well as to satisfy constantly
changing customer expectancies (Engeln, 2020). On the other hand,
paradigms like “data-driven” value creation or “data-centric” companies
(Rashedi et al. 2022), the Internet of Things (IoT) and technologies like
Artificial Intelligence (AI) have majorly advanced in the last years and are
enablers for the digital transformation. Both need data to be generated,
analyzed and used for optimization, automation, analytics, prediction, etc.
One way to collect data is through sensors. Smart products (Neuhüttler
et al. 2020; Tomiyama et al. 2019; Raff, 2019) collect data via sensors,
store, process and communicate data via a network, and react to data via
actuators. Beyond just automating data processing, Artificial Intelligence (AI)
can be used to solve problems that humans find difficult or impossible to
formalize. Smart services interact with different users and systems according
to the processed data.

The strategic decisions a SME’s CEO faces when confronted with the
opportunity to smartify a non-smart, traditional, physical product for the
first time come with a number of questions and challenges: Is the SME
“smartification ready” which also means “ready for change”, which business
processes are affected, what will the customer expect, what will the benefits,
technical and financial efforts be, which technical, organizational and base
competencies and capabilities are available and needed, which partners
would come into question for a joint development (Röcker and Mocker,
2018; Hölzle et al. 2019; Porter and Heppelmann, 2014, 2015) and will the
collected data from sensors create value (Rashedi et al. 2022). The answers
to those questions regarding current and targeted capabilities in the SME are
needed input to set up a strategy for or against a topic like smartification
before activities are initiated (Jung et al. 2018). A systematic approach to
digital transformation begins at the strategic level. If SMEs act consistently
strategically, they can reduce risks, improve their chances of an efficient and
effective transformation and thus maintain and expand their competitiveness
(Hölzle et al. 2020).

FOCUS OF WORK WITHIN THE SMARTIFICATION DECISION
PROCESS

The green part of Figure 1 shows the focus of our work. Drivers for
innovation are important input for and can lead the CEO to a vision for
smartification as described above. To be able to have enough information for
a decision, our work proposes a structured feasibility study using input from
a) an analysis of the strategic relevance of the visionary smartification, b) use
cases in which users can use new smart services with the relevant product
to be smartified, and c) the current capabilities in the SME for a visionary
smartification (see section on previous work). In case enough information is
provided, the CEO will follow up on the topic and develop a smartification
strategy in the next steps.
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Figure 1: Focus of own work within the smartification decision process (own work).

PREVIOUS WORK

Simple readiness checks and more detailed and specific capability and
maturity model (CMM) based approaches are a common and structured
method to determine the approximate current maturity, competence and/or
capability level of a single department or the entire organization regarding
a specified topic (Steinlechner et al. 2021; Software Engineering Institute
2010). Since no publicly available CMM has put the emphasis solely on
smartification, we are developing a Smartification Tool Kit (STK) to give
support in the smartification decision-making process. The STK is made up
of a process model for the application (Frings and Kett 2021), a generic
level system for objects under consideration (OuC), a three-dimensional
CMM to determine the capabilities and maturity regarding eleven areas of
action (Frings et al. 2022), as well as their cross-sectoral base capabilities
(Frings et al. 2023). Detailing the eleven areas of action – Strategy, Smart
Product, Smart Service, Stakeholder, Data, Business Model, IT, Development,
Operation, Organization, Project Management – into subareas of action
means taking a deeper look into which characteristics need to be considered
to make sure that the focus is on smartification. The right part of Figure 1
indicates the aspects that do not lose sight of such a focus when developing
the CMM, namely the modules “requirements” and “characteristics”, which
are modules in the method to identify the characteristics for the CMM.

METHOD FOR IDENTIFYING RELEVANT CHARACTERISTICS

In our previous work (Frings and Kett, 2021), we stated the general
requirements to be fulfilled for our CMM following the suggestions in Becker
et al. (Becker et al. 2009). To be able to identify the characteristics needed
to define indicators for each subarea of action and for each level within the
CMM the following requirements for the method are essential.
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Figure 2: Requirement “context relevance” (own work).

In our view, the most important requirement is context relevance to be
able to use the CMM in an efficient way. Our overall context relates to
the process of smartifying a traditional, physical product developed by the
SME and develop smart services. This includes general context terms like
“digital transformation”, since digitalization is the base for smartification
which has hardly been touched in research, and more specific terms like
“smartification”, “smart product”, “smart service”. Due to this focus, some
characteristics of topics like Industry 4.0, smart factories or production
machine-retrofit are somewhat relevant but generally out of scope since our
aim is not to improve the production process of the SME but to deliver
relevant information for the decision-making process. See Figure 2 where
the overlap of relevant context is shown (orange-green striped). In a narrow
sense, the context needs to be capability or maturity related and fit into the
STK concept.

The right degree of detail of capability and maturity based approaches
is another requirement when formulating the indicators of the CMM. The
degree of detail needs to meet the application domain (see context relevance
above) as well as the orientation of the potential users. A CEO of a SME
is our main target group who intends to perform a rough feasibility study
regarding smartification from a strategic point of view.

The method needs to be reasonable, clear, replicable, visible, and
understandable. Furthermore, the method needs to be scientifically sound.
Therefore, scientific publications are a main input for the development.
Nevertheless, whitepapers are also relevant for literature analysis since they
cover practical aspects which are relevant for the application of the method.

METHOD FOR IDENTIFYING RELEVANT CHARACTERISTICS

This section covers the method including examples to identify relevant
characteristics for detailing the CMM under consideration of the afore
mentioned requirements (see Figure 3). Having our research focus in mind,
the method was developed in accordance with scientific publications on
systematic literature reviews (Kunisch et al. 2023; Booth et al. 2021;
Randolph, 2009; Sipe and Stallings, 1996; vom Brocke et al. 2009).
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Figure 3: Method to identify relevant characteristics (own work).

The definition of the research focus is covered in a section above
and shown in Figure 1. From this, definition of terms for “SME”,
“smart product”, “smart service”, “smartification”, “data-driven” were
researched in a literature review. Related topics like “product enhancement”,
“IoT adoption”, “product modernization”, “product innovation”, “next
generation product” and “product intelligence” were identified. From this,
search terms were defined with which a literature review was performed.
Special focus was put on SME context, maturity models, readiness checks,
role and skill profiles as well as technical indicators. The found publications
were collected in a matrix indicating the source and the relevant information.

This information is categorized by associating it with 1) the detected
object under consideration (OuC) (e.g. data strategy, data quality) found
when considering the degree of maturity, 2) the original level system used
(e.g. 3 or 5 levels), 3) the SME context and indicators, 4) the specific
level the OuC is put on within the regarded information, 5) the strategic
operationalization activity (e.g. data used for decision-making) and 6) one
or more cross-sectoral base capabilities (e.g. human competence regarding
data analytics, technological capability like data analytics system, business
process integration of data management).

Furthermore, a degree of relevance is assigned to the information (very
relevant, relevant, less relevant) regarding the following aspects: a) the
assessment of strategic importance in the context of the smartification and
the reason to follow this vision, b) the definition of the use case and the
product to be smartified as well as the smart services to be offered, and
c) the indicator input for the level definition in the CMM. Within the
evaluation, the most relevant aspects are identified according to the frequency
of mentioning. Those are categorized according to evaluability of maturity
attributes. For example, qualitatively evaluable attributes are systematics
(e.g. ad hoc, chaotic, process oriented, well organized), availability
and usage of standardization and guidelines, time related attributes (e.g.
never, sporadically, regularly), up-to-datedness, completeness, redundancy.
Quantifiable attributes, for example, are available/not available, being
performed/not being performed, being measured/not being measured, being
monitored/not being monitored, being documented/not being documented.

From this evaluation, a list of relevant characteristics is derived. The
characteristics are used as input for defining the level indicators for the
subareas of action.



6 Frings and Kett

EVALUATION OF THE METHOD

Over the last years, we manually collected more than 800 articles coming
from mostly scientific publications listed in common search platforms (IEEE,
Springer, ResearchGate, Web of Science, ACM, Semantic Scholar, Google
Scholar) using the research focus and search terms mentioned above from
which 481 have SME relevance. Currently, we are evaluating the method in
step 4 by categorizing the identified literature.

The first finding during the application of the method is that the balancing
act between the following aspects is challenging: a) applicability, level of
detail, strategic relevance and completeness, b) huge amount of literature
regarding CMMs, digital transformation and Industry 4.0 on the one side,
but very few sources on smartification on the other, and c) lack of available
information as well as sufficient degree of detail on the strategic aspects of
SME regarding product enhancement. Our approach to meet these challenges
is to go for semi-structured interviews with SMEs.

CONCLUSION AND OUTLOOK

In the last few months, we observed (based on alerting functions by online
platforms) of an increasing publication rate of scientific articles on digital
transformation and maturity models in the SME context. Therefore, we
see the chance, that our Smartification Tool Kit can help the CEO using
a structured feasibility study to make a maturity and capabilities based
as well as founded decision if a selected traditional, non-smart product
should be smartified. The method to identify the relevant characteristics
for the three-dimensional CMM contributes to more transparency in the
capability assessment result, assisting to derive more specific and appropriate
measures for the identified gaps. Our work will bring SMEs a step closer
to their strategic decisions and emphasize the importance of taking risks in
digitalization and going for a data-driven organization to be able to develop
future service business and make more use of the advantages of the digital
transformation.
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