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ABSTRACT

Goal: Today, digital technologies have significant effects on supply chains as companies explore and
exploit their opportunities. Digital supply chains promise advantages over traditional ones. A maturity
model is a helpful tool to assess the current state of digitalization in supply chains and to guide
companies towards implementation. The main goal of this paper is to investigate existing maturity
models for digital supply chains and propose possibilities for future research.

Design / Methodology / Approach: A structured literature review is conducted to identify relevant
maturity models. Those are analyzed regarding their type and emphasis on a specific supply chain
function or certain digitalization dimension.

Results: Twenty-eight maturity models are identified. Each of them focuses on a particular supply
chain function or a specific digital technology. A focus on manufacturing (Industry 4.0) and,
consequently, a lack of research regarding other aspects of the supply chain digitalization becomes
evident. Moreover, most papers lack coverage of all digitalization dimensions. Besides, more rigorous
research regarding the quality of the maturity models, their evaluation, and application is needed.
Limitations of the investigation: The conducted review is limited to two databases (Scopus and
Web of Science). Two researchers conducted the analysis, which might lead to some bias.
Furthermore, the analysis could be broadened and performed more in-depth to derive further
insights.

Practical implications: Practitioners might use the presented overview of existing maturity models
to identify a well-developed one that fits their desired application scenario.

Originality / Value: This paper provides suggestions for future research and highlights interesting
and relevant topics to investigate.

Keywords. Digitalization; Supply Chain; Maturity Models; Literature Review

INTRODUCTION

Digital technologies are indispensable in today's society, having significant effects on
companies and their businesses. Terms like smart manufacturing or big data are omnipresent,
and companies make great effort to discover emerging technologies and benefit from them
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(Iddris, 2018). Supply Chain Management (SCM) is no exception. Some benefits of digital
Supply Chains (SC) are increased visibility, higher flexibility due to real-time information, and
ensuring customer responsiveness (Blyukdzkan and Goéger, 2018). The benefits are attributed
to the use of emerging technologies that turn traditional SC into digital SC (Iddris, 2018).
Kersten et al. (2017) conducted an online survey with over 350 respondents from German
manufacturing, logistics, trade, and consultancy companies. Seventy-three percent of the
participants stated that the opportunities of digital transformation are very high for their
company.

Academics and practitioners alike could benefit from roadmaps towards SC digitalization.
Maturity Models (MM) can serve as a starting point for the digitalization process (Pullen, 2007).
In an organizational context, the term maturity can be defined “as the degree to which a process
is defined, managed, measured, and continuously improved” (Dooley et al., 2001: 23). MM are
helpful tools and provide frameworks to determine the direction as well as priorities for
further action. Despite the existence of many MM examining limited areas of SCM or specific
digital technologies and even some first approaches to develop a MM for the digitalization of
an entire SC, there is no consensus about how such a MM should look like (Reis et al., 2018).
This lack of MMs considering the whole digital SC highlights the general lack of guidelines and
structured approaches to help companies master the digital transformation by aligning
traditional strategies with digital ones (Matt et al., 2015). One consequence of lacking guidance
is that the potential of digital SC is not yet fully exploited and sufficiently demonstrated with
empirical data in real-world situations (Blyukdzkan and Gécger, 2018; Iddris, 2018).

In order to address this gap, this paper aims at a first step towards ultimately proposing
a maturity model for digital SCM. This first step encompasses considering MM focusing only
on parts of an SC, specific technologies, or aspects of digitalization to derive insights. The
gained insights can form a basis towork towards a MM for the whole digital supply chain. To
the best of our knowledge, currently, no study compares and analyzes MM in the field of digital
supply chains. However, this should be the first step to contribute to addressing the research
gap mentioned above, which then can be further addressed in future studies building upon
the results of this paper. Consequently, the main goal of this paper is to identify MM
considering at least parts of a digital SC in the literature, analyze them, and propose
possibilities for future research. The following three research questions are derived:

1. Which relevant MM are there for evaluation whole or specific aspects of digital SC in the
current body of literature?

2. On which specific parts of the SC or dimensions of digitalization do the identified MM
focus?

3. What are the insights derived from the analysis regarding further research?

The remainder of the paper is structured as follows. First, a brief theoretical background
for digital SC, as well as MM, is given. Section 3 presents the methodology of the literature
review based on Thomé et al. (2016). The identified MM are analyzed in section 4. Further
research directions derived from the insights of the literature review are presented in section
5. The paper closes with a summary of the results.

THEORETICAL BACKGROUND

This chapter presents the basic terms and definitions relevant to this study. The
establishment of a common knowledge base, especially in regard to broad terms like
“digitalization”, is beneficial. Furthermore, four key dimensions of digitalization in supply
chains are introduced that are referred to in the analysis chapter. Afterward, the main building
blocks of MM and different types of MM are briefly presented. The proposed type distinction
is applied in the analysis chapter.
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Digital Supply Chains

For talking about digital SC, the differentiation between “digitization” and “digitalization”
is essential. While “digitization” simply refers to converting information from analog to digital,
the latter describes the change of processes within organizations and possibly complete
business models by “adopting and using digital technologies in broader individual, organizational,
and societal contexts” (Legner et al., 2017: 301). However, unsurprisingly, the technological
aspect gets a large share of the attention, as new technologies (e.g., EDI or ERP) started the
digital transformation in the first place (Reis et al., 2018). As pointed out, the impacts of
digitalization are enormous in all industries, including SCM. New terms like “digital supply
chains” evolve, which are also often labeled as “smart”, “intelligent”, or with the suffix “4.0"
(Shukla et al., 2018). Emerging technologies such as the Internet of Things, Artificial
Intelligence, Cloud Computing, and Big Data Analytics are of high relevance for and inextricably
linked to digital businesses (BuylUkozkan and Gocger, 2018). The interplay of different
technologies and their embedding into organizations is what creates value and new
opportunities. The concept of “Industry 4.0" is an example of how this could be achieved
(Shukla et al., 2018).

So far, no uniformly accepted definition of digital SC exists. Based on the above-described
characteristics of a digital SC and Buyutkdzkan and Goéger (2018) and Raab and Griffin-Cryan
(2011), we propose the following working definition: A digital supply chain is a value-driven
network that utilizes digital technologies extensively to improve and also create new forms of
revenue and business value for organizations. Based on this working definition and literature
about the aspects of digital SC, we propose four dimensions of digitalization. First, the
utilization of technologies, i.e., the technological digitalization is of high importance.
Digitalization also affects processes, which are automated, and requires new methods such as
supply chain analytics. Therefore, process & method digitalization needs to be achieved. By
improving and creating new forms of revenue and business value, business digitalization is
aimed for. To achieve this, organizational digitalization is necessary, i.e., the transformation of
organizational culture to accept and embed digitalization (Berghaus and Back, 2016;
Buytkdzkan and Goger, 2018; Legner et al., 2017; Matt et al.,, 2015; Urbach and Réglinger,
2018).

Maturity Models

Generally speaking, the term “maturity” describes the highest state of development and
“ripeness” of something (Cambrigde Dictionary). In the following, we are using a working
definition based on Ahlemann et al., 2005. A maturity model defines different levels of maturity
in order to be able to assess the extent to which an object (an organization, a process etc.) fulfills
the defined requirements.

The description of each maturity level expresses when a certain level is reached. While
the number of levels can differ between different MM, the lowest level always represents the
most immature state, and the highest level represents the fully-grown and completely
developed state, usually paradigmatic (Klimko, 2001). Dimensions depict different aspects of
maturity and are derived from the application area. Sub-dimensions give a more granular
view. Every sub-dimension should contain a detailed description of each maturity level. The
above-described building blocks comply with components defined by Fraser et al. (2002) that
are widely accepted as the basis for MM. Fraser et al. (2002) furthermore propose a typology
for MM. First, maturity grids describe the activities necessary for each level (usually in text
format). Second, in Likert-like questionnaires, the respondents have to rate the performance
of the organization for different dimensions to assess maturity. A combination of the answers
with descriptions of maturity results in hybrids. Lastly, Capability MM are more complex as
they define goals and key practices for different process areas. In this paper, this typology is
adapted, and the following four types of MM are differentiated:

+  Grids: All levels and dimensions are presented, including every combination and its main
characteristics, usually in spreadsheet format with descriptive text.
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*  Assessment: The focus of the MM is on the assessment of the maturity level, and the
method most frequently used are questionnaires. Questions are answered using scales
or checklists and based on the given answers, one overall or separate maturity levels are
calculated.

+  Dimensions: The dimensions (and possibly sub-dimensions) are named and explained.
No explicit requirements or connections to a certain maturity level exist.

+  Levels: The levels or stages of maturity are identified and described but not directly linked
to dimensions or measurement criteria.

Practitioners, as well as academics, have recognized the potential of MM. Hence, a large

number of MM for different application areas have been created (Netland et al., 2007).

METHODOLOGY

A structured literature review (SLR) following the guidelines provided by Thomé et al.
(2016) is performed to answer the first research question. The aim is to give an overview of
the existing MM for digital SC.

Before elaborating on the procedure followed for the SLR, the overall research
methodology of this paper is briefly classified according to the basic types of research
proposed by Kothari and Garg (2019). This helps to get a better understanding not only of the
research process, but it also allows for a more reliable interpretation of the results.

Regarding the time frame of the research, it can be stated that this study is a one-time
research as the results are limited to a certain time frame. In this case, all literature until the
beginning of 2020 is taken into consideration. The approach is mainly qualitative, as the
performed literature review identifies MM and sorts them into functions along the supply
chain, dimensions of digitalization, and evaluates the quality of the methodology. Most of the
results are based on this qualitative procedure. However, some quantitative aspects are
included as well, e.g., referring to the number of MM that discuss a certain dimension. These
are included in the discussion and insight generation, but the quantitative analysis of papers
is only elementary and can be enhanced.

Furthermore, the study can be classified into applied research, also called action
research, and can be considered as conceptual, descriptive research (Kothari and Garg, 2019).
The paper aims at structuring and describing the body of literature regarding a certain
practical problem identified, i.e., it wants to perform a first step towards developing a MM that
can help companies to transform their SC to digital ones.

Literature reviews are a suitable research method to achieve this goal; however, they
should be conducted following a structured approach to ensure rigor and traceability. Hence,
Thomé et al. (2016) propose an eight-step approach, which is applied. First, the problem needs
to be planned and formulated, which was reported in the introduction. An initial scoping
review has been conducted to get a basic understanding of the field. Section 2 elaborates on
the necessary terms and provides definitions. The topic of digital MM in SC targets multiple
disciplines. Consequently, it is unreasonable to focus on area-specific journals. Two databases,
Scopus and Web of Science (WoS), are chosen to cover interdisciplinary literature from
different types of sources and disciplines. The following search string has been applied: ((digit*
OR smart OR intellig¥ OR 4.0) AND (“supply chain*” OR *“value chain*” OR logistic*) AND
maturity). The search term consists of three parts: part one ensures results dealing with
digitalization, while part two warrants results from the field of SCM, and part three reduces
the search to sources coping with any form of maturity (models). It is searched in the title,
keywords, and abstracts. Results are limited to English, with no time restriction. The search
string resulted in 174 papers from the two databases. Duplicates were removed manually.
Furthermore, the search is completed with 44 additional articles from forward and backward
search based on key publications identified as well as ones identified in the scoping review
used to define terms and keywords. This amounts to 183 papers in total, and at least two
authors have checked their titles and abstracts to verify their relevance. Papers are excluded
if both reviewers agreed that they fulfill at least one of the following exclusion criteria:
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*  Domain different from SCM: Some papers dealt with other domains than SCM, e.g.,
medicine or biology. Often they appeared in the results as they applied the method
“logistic regression” and hence fulfilled the second part of the search term.

«  No focus on digitalization: In very few cases, papers proposed a MM for an aspect of SCM
but did not cover any aspects of digital supply chains. Instead, digitalization was often
mentioned as a future research possibility.

«  Not proposing a maturity model: As only “maturity” was part of the search term also to
cover sources discussing maturity assessments, many results did not include a model but
the term maturity in a different context (e.g., maturity of fruits).

The two reviewers have agreed in 96.5% of the cases, and Krippendorff's Alpha was 0.884,
allowing the conclusion that the exclusion criteria were well-understood by both reviewers
and that the selection had high reliability. Results of Krippendorf's alpha above 0.8 indicate an
acceptable level of agreement in confirmatory research (Krippendorf, 2020).

After reviewing the abstracts, a full-text review of 42 articles has led to the exclusion of
an additional 14 sources. In sum, the initial scoping review and the structured database search
has led to 28 relevant papers. Figure 1 depicts the process of the conducted literature review
using the PRISMA Flow Diagram (Moher et al., 2009).

Records identified through Records after Full-text articles o )
—>]
database searching duplicates Recordz assessed for Stuﬁlets- |nc|udf|:i |r.1
(Scopus & Web of Science) removed [ S“felf;‘; > cligibility — qualita w_ezs;n esis
(n=174) (n=183) (n=183) (n=42) (n=28)
Additional records identified i K
through other sources Records Full-text articles Reasons for exclusion:
(Forward & Backward excluded excluded, with - No proposal of maturity
Scoping) ’ (n=141) reasons model (13)
(n=44) (n=14) - No full-text available (1)
[ Identification ] [ Screening ] [ Eligibility ] [ Included ]

Figure 1. The PRISMA Flow Diagram of the Conducted Literature Review.
Source: Designed from Moher et al. (2009)

RESULT AND EVALUATION OF THE LITERATURE REVIEW

Taking into account the 28 papers identified, the number of publications increases from
the year 2014 onwards until 2018 (see Figure 2; only the completed years are taken into
account). However, the increase is not steady, and in the years 2015, 2017, and 2019 a slight
decrease is identified. This might be caused by the limited selection of 28 papers. Nonetheless,
the general trend of an increasing amount of publications is an indicator of the growing
attention in this emerging field of research. We also noticed that the first publications on the
subject are as recent as 2014.

< 8
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Figure 2. Development of Number of Publications per Year.
Source: The authors themselves
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To shed some light on the relevance of the research topic, the authors of this paper
investigate the number of citations of the identified literature. Not all identified papers are
included in Scpous or Web of Science, respectively. Therefore, a uniform database for
comparing the number of citations is used, namely Google Scholar. The relevant information
is determined in February 2020, and the authors want to point out that the numbers are
subject to change over time as they are dynamic. The number of citations, with an average of
46 citations per paper at this point of time, confirms the presumed relevance of the research
topic. One paper has been cited as often as 381 times (Schumacher et al., 2016). Authors citing
MM aim at developing their own model, at comparing existing MM but mostly at applying
existing MM to specific cases.

The interest both from scientific as well as industry side is reflected when looking at the
type of publications. While the majority of papers are published in conference proceedings
(10), journal publications (10), or books (3), some models stem from industry-related grey
literature (5). The expression “grey literature” refers to articles that are not published by
commercial publishers but are e.g., government reports, technical notes, or issue papers. In
this study, most grey literature stems from consultancy companies (4) and one national
academy.

The majority of the examined MM are grids (13). One reason for their frequent use is the
detailed representation of dimensions and characteristics for each level.

This allows the assessment of maturity levels for each dimension separately and
therefore gives a differentiated overview. The remaining MM are equally divided among the
other three types, namely assessment (4), dimensions (5), and levels (6). They are not as
extensively used as grids. Assessments are often applied to specific case studies, and the
outcome is evaluated (Blatzetal., 2018). The degree of detail regarding the specific
guestionnaire presented, used calculation methods and software tools for the application of
the assessment varies. Only one paper presented the calculation, as well as the software used
in detail (Gaur and Ramakrishnan, 2019). The third type of MM is the one presenting different
(sub-) dimensions. They focus on how to structure the topic of digitalization of SC and develop
dimensions on this basis. The models of the type level are quite general and provide an
overview of the general direction of a company's digitalization efforts. They mostly remain
rather vague in their descriptions. For example, Gustafsson etal. (2019) only use a few
sentences to describe the proposed levels of maturity. An explanation for this can be that most
papers are the first draft and at a preliminary stage of research and not yet completely
elaborated (Ellefsen et al., 2019).

To answer the second research question posed in the introduction chapter of this study,
the papers were analyzed according to whether they limit the application area of their model
to a specific function of SC. Functions are defined as plan, source, make, deliver, and return
according to the Supply Chain Operations Reference (SCOR)-model (Stdlzle and Halsband,
2005). Moreover, it was examined which of the digitalization dimensions proposed in section
2 are addressed. Indeed, the majority focused on a specific SC function or limited the number
of discussed digitalization dimensions (see Table 1). The final column assesses the extent of
the description regarding the methodological and theoretical foundation of the development
process. Papers often miss the sound theoretical basis and description of the development
process of the models (Blatz et al., 2018; de Carolis et al., 2017). This results in a lack of
transparency and is a major point for criticism. In our research, it can also be observed that
the majority of examined models either state no description at all (11) or provide only a basic
and incomplete description (12). Only five models describe the methodology used in detail
and show the application process utilizing the developed model. Two papers applied the
approach by de Bruin et al. (2005) in the model developemnt (Asdecker and Felch, 2018; de
Carolis et al., 2017). The most recent paper uses the process model by Becker et al. (2009) as
a basis (Hausladen and Schosser, 2020). The two other papers depicted the development
process in detail but refered to no specific MM development process but borrowed from
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neighbouring areas, e.g. case study research (Arunachalam et al., 2018; Mendes Junior et al.,
2016).

Table 1. Overview of relevant maturity models and their focus.

Dimensions of Digitalization

Author (Year) Funscction Busi- Organi- Process Tecr.mo- I;n:Itohg(;
ness zational Method logical
Aimi et al. (2017) Deliver X X X 1
Akdil et al. (2018) General X X X 2
Anderson and Ellerby (2018) General X X X 1
Arunachalam et al. (2018) General X X 3
Asdecker and Felch (2018) SDoe‘fi:/Ceer' X X 3
Barata and Cunha (2017) Make X X 2
Bibby and Dehe (2018) Make X X 2
Blatz et al. (2018) General X X X X 2
de Carolis et al. (2017) Make X X X 3
Ellefsen et al. (2019) 3’;5; X X X 1
Frederico et al. (2019) General X X 2
Ganzarain and Errasti (2016) Make X 1
Gaur and Ramakrishnan (2019) Make X X X 2
Geissbauer et al. (2016) General X X 1
Gustafsson et al. (2019) General X 2
Hausladen and Schosser (2020) Plan X X X 3
Issa et al. (2018) General X 1
Klotzer and Pflaum (2016) Make X X X X 2
Krowas and Riedel (2019) Make X X X 2
Leyh et al. (2016) General X 1
Mendes Junior et al. (2016) General X X X 3
Oleskow-Sztapka and Source, X 1
Stachowiak (2018) Deliver

Schuh et al. (2017) Make X X 2
Schumacher et al. (2016) Make X X 2
Solis (2017) General X 1
Uhl and Gollenia (2014) General X X 1
Wang et al. (2018) Make X X X 1
Weber et al. (2017) Make X X 2

Source: The authors themselves.
1: No / 2: Basic / 3: Detailed description of the theoretical and methodological basis for the development process of
the maturity model

The function of the SC most commonly focused on is “make”. Eleven papers solely
consider the digitalization of this function. For example, they only discuss digitalization within
the production of one company but do not address connections to customers and/or
suppliers. Only four papers deal with source and/or delivery functions. They do not explicitly
mention a focus on sourcing or delivering but rather propose MM for general logistics
processes of companies. While at least one paper examines the planning function, no source
deals with return functions.
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The focus on manufacturing is also mirrored by the fact that over 50% of the identified
MM specialized in the area of “Industry 4.0". Two papers focus on Big Data Analytics
(Arunachalam et al., 2018; Hausladen and Schosser, 2020), one on Artificial Intelligence
(Ellefsen et al., 2019) and one on Internet of Things (Ellefsen et al., 2019).

The analysis of the different digitalization dimensions supports the impression that
existing MM focus on the technological aspects of digitalization. The technological dimension
is addressed by more than 80% of the models. However, all other dimensions are only
considered by about half of the models. Indeed, there are only two models including all
dimensions of digitalization, namely Blatz et al. (2018) as well as Kl6tzer and Pflaum (2016).
However, both limit the applicability of their model. Blatz et al. focus on small and medium
enterprises, and Klétzer and Pflaum present a model specifically for manufacturing.

So while there are a few models either considering the entire SC or addressing all
dimensions of digitalization or presenting a detailed description of levels and dimensions,
there is no model combining all of those aspects. Furthermore, the rigor of the development
process description is improvable for most MM. This supports the assumption that this field
of research already provides interesting initial insights but that many future research
possibilities are still to be worked upon.

FUTURE RESEARCH

The presented results are based on an initial appraisal and analysis of the identified MM.
There is a multitude of further possibilities to study the models, compare them, and get
insights regarding their quality and value for the industry. A first approach was to examine if
the development process was documented and theoretically founded. Future research should
examine if the criteria for the development of MM proposed by Becker et al. (2009) are
applied. By identifying high-quality models, it can be assured that further research only
considers those and insights are based on rigorous research. Moreover, the identified models
can be compared based on other critera and analyzed more in-depth, e.g., their specific
dimensions. It is important to point out that this study only includes papers published until
the beginning of 2020. Therefore, subsequent research should supplement the findings with
the latest results from research and update the study.

Moreover, the literature search should be extended to identify further MM. More specific
searches might lead to MM focusing on technologies such as big data analytics or artificial
intelligence, on other dimensions of digitalization or on functions of the SC currently not
sufficiently addressed (such as plan or return). Besides, there might be MM for digital
transformation not focusing on SC that could still provide valuable insights. Due to the search
term and exclusion criteria, these could not be identified so far. Another valuable starting
point to identify further MM is the inclusion of other databases. Currently, only Scopus and
Web of Science are used. However, this can be enhanced in future studies.

Looking at what the identified sources propose as future research, it becomes evident
that the application of MM is an appealing topic. So far, developed models have not sufficiently
been validated by applying them to different companies and ideally to different industries.
Bruin et al. present different purposes of MM in their work, namely, descriptive, prescriptive,
or comparative (de Bruin et al., 2005). The application of a comparative model might lead to
interesting cross-industry comparisons. While some models focus on a specific industry, many
others do not consider all dimensions of digitalization. Hence, the development of a MM that
is not only applicable to the entire SC independently from an industry but also includes the
four dimensions of digitalization is proposed as a future research possibility.

While the identified MM try to give an assessment of how digital a SC is at its current state,
no suggestions on how to improve, i.e., how to move to the next maturity level, are proposed.
Hence, the creation of a roadmap for digitalization within a company is of high interest. The
identification of triggers moving between levels and recommendation of steps for
improvement are necessary and has not been addressed by the identified papers.
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Furthermore, considerations about the required capabilities of an organization to reach a
given maturity level are currently missing.

CONCLUSION

This paper presented the first results of a structured literature review regarding MM for
digital SC. To our knowledge, no similar literature review, focusing on the identification of MM
in this field of research and comparing them, exists. Twenty-eight papers, each proposing a
MM, were identified as a result of the first research question. Afterward, the MM were
examined with regard to the type of model they propose as well as to whether they focus on
a specific aspect of the supply chain or digitalization, and the foundation of the development
process. The insights build the basis for answering the second research question posed in the
introduction chapter of this paper. Due to the high number of citations and because relevant
papers stem both from science and industry, it becomes clear that there is a high interest in
the topic in general. However, most of the models focus on the technological dimension of
digitalization and/or on one part of the supply chain, such as the “make” function. Moreover,
there is a clear lack of practical evaluation of these models. Only a few sources apply their
model to a real-case, and often it is stated that it is questionable whether a model can be
applied to more than one industry. Based on the presented first analysis, future research
options have been proposed. They revolve around further checking the quality of papers,
identifying more MM, and developing a roadmap to give guidance on how to achieve the next
level of digitalization. This answers the final research question of this paper.

The main theoretical contribution is the structured representation of identified MM in the
current body of literature regarding digital supply chains. This helps to build the foundation
for further research in this area and create a common knowledge base. The proposal of future
research possibilities can serve as an indication of where to go next and which aspects to
address to ultimately develop a MM considering the whole SC and all dimensions of
digitalisation. As a practical contribution, practitioners can use MM as a starting point for
digitalization endeavors of their companies' supply chains. Therefore, the overview of
identified MM might be supportive to identify a well-developed MM that fits their desired
application scenario.

However, certain limitations regarding this study have to be pointed out. First, literature
reviews are often subject to restrictive decisions made by the authors. In this case, the decision
to include only the two databases Scopus and Web of Science is a limitation. Including further
databases might resultin different results. In addition, only two researchers read the abstracts
and accomplished the full-text review. The reliability of this research would increase with
additional researchers. Second, the analysis of the identified MM based on selected areas, e.g.,
the supply chain areas (structured according to the SCOR model) and the digitalization
dimensions. This is only one possible solution to approach the analysis and is not exhaustive.
As stated in the future research chapter, also a critical examination regarding the quality of
the developed MM would be beneficial. Overall, it can be subsumed that in the field of MM for
digital SC many questions remain unanswered. Various options for future research to
contribute to the field exist.
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