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Abstract

The rise of Industry 4.0 has made digital transformation a critical element of modern supply
chain management, offering organizations a pathway to competitive advantage. While
the prior literature has examined aspects of digitalization, few studies present a compre-
hensive view of the transformation process through to its practical application. This study
proposes and aims to validate a digital transformation model developed by the author,
based on a systematic literature review of 284 articles from Scopus and Web of Science. The
model outlines a progression from data management to the integration of enabling tech-
nologies, culminating in enhanced supply chain decision-making. It introduces three key
metrics—readiness, adoption, and Digital Maturity—to guide companies through distinct
stages of transformation. Validation will be conducted using a mixed-methods approach,
combining expert interviews and a quantitative survey with SCM professionals. This study
offers both a theoretical framework and practical roadmap to support organizations in
evolving their digital transformation strategies.
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1. Introduction
Organizations are currently moving their competitive position to the digital realm,

where the supply chain (SC) capabilities and visibility are positively impacted by its
development [1]. Top management allocates its resources and investment toward dynamic
digitalization initiatives, with the aim of strengthening entire value chains to implement
Industry 4.0 advancement for their businesses. This direction has systematically shaped
the digitalization landscape [2]. However, the transformative journey proves to entail
complex and highly demanding management as well as execution to catch up with the
global evolution pace. The previous research paper titled “The Evolution of Digitalization
Transformation and Industry 4.0 in Supply Chain Management: A Systematic Literature
Review” (SLR) by the author affirmed the profound impact of embracing this evolution
throughout the systematic literature review of a database of 284 articles from Scopus and
Web of Science sources [3]. The author built up a digitalization transformation model that
was generalized based on empirical cases and a literature review of practices applied to
SCM and operations.

As shown in Figure 1, the model covered the process of digital projects specifically
to enhance the SC consultation and decision-making function. Concurrently, researchers
and practitioners delved into the research area of the emergence and embedment of Ar-
tificial Intelligence (AI), Machine Learning (ML), Cloud service, Internet of Things (IoT),
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Blockchain, and other technology enablers [4], which all come from data management [5].
Against this backdrop, several innovative concepts are being evolved within the “factory
of the future” framework. Most of them insist on integrating new technologies to address
the industrial problem promptly by employing decision-aided tools, robots, algorithms
from AI/ML, automation, etc. [6]. The first step is managing the whole-value-chain data
and organizing them in the Big Data Lake, followed by integrating them into selected tech-
nology advancements, and ultimately streamlining them for the decision-making process
within SCM.

Figure 1. Digitalization transformation conceptual model proposed by author.

This paper aims to design a conceptual model to validate the author’s self-proposed
process and navigate a company’s digitalization transformation journey.

Two research questions (RQs) are developed from this article’s objective:
RQ1: How does the self-proposed model represent the current practices in digitaliza-

tion transformation?
RQ2: What key metrics can be used to assess the transformation of a digital

SCM project?
The paper will conduct a comprehensive model review to assess the digitalization

transformation process in five sections. The relevant literature is reviewed in Section 2, and
the research methodology is presented in Section 3, with a detailed explanation of how the
author plans to achieve the research aim. Discussion is conducted in Section 4. Section 5
concludes the paper and gives a future direction for fellow researchers.

2. Literature Review
2.1. Model-Related Works

In this section, the author provides a comparison among models developed by
prior scholars and researchers, showing how the digital world is immersed in SCM and
operation activities.

The list of model reviews in Table 1 introduces different approaches to digitalization
transformation by researchers. From the highlighted dimensions in every model, the key
themes are data, decision-making, and digital technologies. While these dimensions are
consistent, the application and objective of each model moderately vary. Notably, the
“Reconfigurability using Industry 4.0 principles” of [7]’s model analyzed full aspects of
SCM facilitated by various technology enablers. The digital resource arrangement process
model by [8] is the most closely aligned with the author’s model, and their perspective
on the digital transformation mechanism is true for the rest of the models. Through a
synthesis of existing models, the author refines the self-proposed process to a new one
illustrated below in Figure 2. Data organization is considered as part of data management,
and integration is the second main stage of the transformation. So, technology enablers
will not only appear in the second stage but also depend on the operational and strategic
demands of the digital environment shaping the SC activities.



Eng. Proc. 2025, 113, 64 3 of 8

Table 1. Existing digitalization transformation models.

Model Name Assessment

Digitalization logic: from the emergence to manifestation [9] Emergence (Theorizing)–Adoption (Active
learning)–Manifestation (Amplification)

Generic phases of the proposed reference model for data
provision processes [10] Clarify need–Data acquisition–Data application

CAB2IN model for SSCM in digital era [11] Knowledge–Data–Decision
Conceptual Model of data-driven decision-making in the

manufacturing industry [12] Business activities–Enablers–End goal

Digitalization of management network driven by efficient
decision-making [8]

Motivation–(Digital resource acquisition–Structured digital
resource–Digital resource integration–Digital capability

formation)–Value creation

Figure 2. Improved digitalization transformation conceptual model proposed by author.

2.2. Model Structure

Following the dimension formulation, the author derived a concept relevant to the
model structure and assessed its theoretical and practical implications. To facilitate different
analyses of Industry 4.0, ref. [13] developed a Digital Maturity model with 62 items covered
by nine dimensions. The evaluation process involved transparent calculation based on
individual items and obtained the transformation level of one dimension. Regarding the
author’s model, the conceptual framework acquires a similar structure, assessing the model
from the general dimension down to specific items. Below, the existing literature for items
in Table 2 briefly indicates the targeted functions within one dimension, though it may
overlook the potential cross-dimensional contributions of these enablers.

Table 2. Dimensions and exemplary items of digitalization transformation model.

Dimension Items

Data management

IT management
IoT

Blockchain technology
Cloud-based data storage

Big data analytics

Digital integration

Advanced analytics platform
Dashboard visualization

Robotic Process Automation (RPA)
ERP, API

Supply chain
consultation/decision-making

Digital twin
Collaborative planning

AI-driven decision support system
Lean manufacturing

Control tower

2.3. Model Assessment

Most of the papers on models mentioned their application and function among the
dimensions; however, few researchers assessed the digital transformation level after devel-
oping them. Of the 284 articles in the SLR, there are 49 papers that discussed the adoption
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of technology in SCM, while 10 explored the industry’s readiness and only 5 investigated
the maturity of the transformation. The author will validate the proposed model in Figure 2
by assessing the digitalization transformation in three process dimensions.

Adoption refers to a metric that assesses the adoption level of innovative technologies
or digital approaches. The adoption scale [14] visualizes their differences based on potential
gains or losses and the adoption timeline. Early adopters are defined as the pioneers
in exploring a project that may face the highest uncertainty due to a lack of historical
experiments, while the latest adopter is a cautious agnostic who needs more reassurance for
their adoption decision. Readiness refers to a metric that measures the company’s readiness
to start using the technology and become a leader in that area. The hierarchy of readiness
level goes from knowing nothing—an outsider—to a leading position—a top performer [15].
Digital Maturity refers to a metric that assesses the maturity of a digital activity, including
five levels: Initial–Experimental–Practicing–Integrate–Transformed. Level 1 stands for
“companies lack attributes that support concepts of Industry 4.0”, and level 5 is “companies
can meet all requirements of Industry 4.0” [16].

The difference between readiness and maturity models can be explained by there being
five levels of readiness to clarify whether the organization is ready to start the development
process or not, while there are five levels of maturity targets to illustrate which level the
organization has transformed to. Navigating a company’s digitalization performance in
the readiness model can encourage it to make a move for its digital environment, and
assessing progress by a maturity model can create a motivation to reach an advanced
level of maturity. Therefore, using two metrics to evaluate a company’s digitalization
transformation is essential for a comprehensive assessment [15].

3. Research Methodology
In this article, a comprehensive model review is carried out to validate the self-

proposed process of digitalization transformation. Figure 3, shown below, demonstrates
the research design and the steps followed by the author to conduct this paper.

 
Figure 3. Research methodology process.

To answer the RQs, a mixed method is conducted on both qualitative and quantitative
analysis, with the aim of gaining a broad-based assessment. This paper primarily focuses
on potential experts who are either related to digital projects or working in SC operations.
With this filtering, the author can obtain insightful viewpoints, while the respondents have
an overall understanding or familiarity with the topic’s terms and definitions.
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3.1. Qualitative Analysis

The thematic analysis in this study is divided into two projects: one follows Braun
and Clarke’s guidelines [17] (using thematic analysis in psychology), and one is based on
cross-case analysis. The proposed case involved two pairs of managers and executive staff
in one digital project to examine the digitalization process from two points of view, with
one pair managing the SC digital strategy, and one pair executing the digital action steps.
The analysis derived from the cross-case method will be a tool for rechecking the defined
theme in the first thematic results, helping reconfirm the paper’s theme.

3.2. Quantitative Analysis

The survey is conducted by a quantitative ranking method applied among individual
items. Each dimension is examined by one similar question about the importance level
of all items within the dimension. All questions in the survey require one answer on
the Likert scale. For adoption result analysis, the respondent is asked to self-assess the
adoption level best indicated by their organization for the mentioned technology [18].
To determine the adoption level of one dimension, the author selects the level with the
highest coverage within the items of that dimension. In the readiness result analysis of
ref. [19], the respondent is asked to evaluate each item’s readiness level, and the dimension’s
readiness level will be the lowest level of all fields in one dimension, since it measures how
well a company meets a minimum requirement for a dimension. The readiness score is
used for evaluation, under the following formula: Readiness score = Readiness level ×
Important points. In Digital Maturity result analysis, the response to the maturity question
is converted and put in the following factors: maturity level, weighting factor, and number
of maturity items.

MD =
∑n

i=1 MDIi × gDIi

∑n
i=1 gDIi

(1)

In this equation, M is maturity, D is dimension, I is item, g is weighting factor, and n is
number of maturity items.

3.3. Result Presentation

Figure 4 provides an example of how the results of the survey will be presented.
From this visualization, the author expects to gain some insight from the metrics and the
dimensions’ patterns, and the cluster can be formulated with enough respondents.

Figure 4. Cluster visualization for three metrics of digitalization measurement.

After that, the Pearson Correlation Coefficient (r) method will be carried out to explore
the connection among the three metrics, three dimensions, and their coefficient relation-
ship altogether. Python 3.10 will mainly be used to interpret databases and visualize
the correlation.
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4. Discussion
4.1. Realization of Author’s Improved Model

Based on the addendum literature review, the author generated an improved version
of the digitalization transformation model. The former version included three stages—data
management, data organization, and SC consultation/decision-making—while the latter
version adjusted the second stage to digital integration and incorporated data organization
as part of data management. Additionally, the list of items per dimension also changed to
align with the findings of other researchers’ models. The author’s initial model elaborated
dimensions based on the function of each stage. As can be seen from the author’s first
model, the author defined it as how one digital process can be applied in SCM, starting
with data management, deploying the technology enablers by available big data sets, and
finally building up a digital SC. The original model is a technology-centric transformation
approach. However, with the comparative analysis of diversified digital integration and
transformation models in Table 1, technology enablers could be integrated at any stage to
fulfill distinct functions for that specific dimension. Subsequently, enterprises can decide
the strategy to adopt multiple digital enablers for their operation and management, all
leading to one common goal of making decisions for their SC. By completing the process
and achieving the SC goals, businesses can transform from a conventional SC to compre-
hensive Industry 4.0 or digitalized SCM. Thus, the improved model is a digitalization
transformation process-based approach.

4.2. Recommendation from Measuring Metrics

The digital models reviewed in Table 1 focused on the examination of digital processes,
value delivery at different stages, or enterprises’ capabilities during digitalization. With
either a process-based or technology-centric approach, firms also face challenges related
to execution, management, and effectiveness and efficiency of what they have invested
in. So, a structured approach to digitalization transformation requires measuring metrics
as guidance for being on the right track of any model [20]. Therefore, the author designs
a concept to reach the same goal of model validation, applying three metrics to measure
the digital context within SCM including adoption level, readiness score, and Digital
Maturity level. This is because maturity model frameworks are significantly important to
evaluate organizations [15]. Likewise, the author’s metrics can be utilized to assess whether
the organization can be ready for technology integration, be mature enough to achieve
the transformation, and be agile enough to adapt to the evolution speed. By examining
these three metrics, the author probably gains insights from SC departments or, rather,
digital project teams regarding how they are immersed in the digital environment for their
operation and management.

4.3. Future Research Direction

Firstly, with the validation methodology for the author’s proposed model, the actual
primary data is the top priority for examining both the methodology and the proposed
digitalization transformation model—qualitative and quantitative. Secondly, the list of
items within each dimension is influenced by the previous literature and the author’s
perspectives. With an understanding of the mechanism, fellows can enlarge the list of items
for testing their own models based on the author’s research methodology.

5. Conclusions
In conclusion, this paper aims to design a conceptual model to validate the au-

thor’s self-proposed process and navigate a company’s digitalization transformation jour-
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ney. The previous SLR of 284 articles served as a robust foundation for the subsequent
literature review.

Theoretical contribution: This study contributes to the scientific area of a mixed-
analysis method for model validation, which offers several important theoretical contribu-
tions. Firstly, it presents a methodology to examine the model, and secondly, it outlines
an analysis approach for synthesis of measuring metrics. Recalling the RQs given in the
Introduction, the author came up with some closing results:

RQ1: How does the self-proposed model represent the current practices in digitaliza-
tion transformation? This question can be addressed by the current models in the market,
investigated by researchers, and then answered by the author’s own model. The finding is
that most of the digitalization transformations position themselves either in the digitaliza-
tion process or as a technology enabler, and a selection would depend on the company’s
transformational context.

RQ2: What key metrics can be used to assess the transformation of a digital SCM
project? The context mentioned in RQ1’s answer could be measured by three met-
rics: adoption, readiness, and maturity. These metrics altogether synthesize and rep-
resent a logical path for digital processes in several business fields including many levels
of transformation.

Managerial contribution: This study contributes tools for checking an SC department’s
Digital Maturity, and summarizes steps for adopting, integrating, and transforming. The
key objective for managers is achieving the goal of SCM consultation or decision-making
based on digital integration and organization data. Thus, SCM can evolve to a higher
digital level.

In summary, this comprehensive review emphasizes the methodology for validating
a digitalization transformation model. By integrating technology from scratch, firms can
position themselves as leaders of the digital era and drive their sustainable growth. Fellow
scholars can leverage this paper to conduct in-depth analyses of the transformative era.
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