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Abstract: The Digital Transformation (DX) potentially affects productivity and efficiency while of-
fering high risks to organizations. Necessary frameworks and tools to help organizations navigate 
such radical changes are needed. An extended framework of DMM is presented through a compar-
ative analysis of various digital maturity models and qualitative approaches through expert feed-
back. The maturity level determination uses the Emprise test of the international standard ISO/IEC 
Assessment known as SPICE. This research reveals seven interrelated dimensions for supporting 
the success of DX as a form of development of an existing Maturity Model. The DX–Self Assessment 
Maturity Model (DX-SAMM) is built to guide organizations by providing a broad roadmap for im-
proving digital maturity. This article presents a digital maturity model from a holistic point of view 
and meets the criteria for assessment maturity. The case study results show that DX-SAMM can 
identify DX maturity levels while providing roadmap recommendations for increasing maturity 
levels in every aspect of its dimensions. It offers practical implications for improving maturity levels 
and the ease of real-time monitoring and evaluating digital maturity. With the development of ma-
turity measurement, DX-SAMM contributes to the sustainability of the organization by proposing 
DX strategies in the future based on the current maturity achievements.  

Keywords: digital maturity; extended framework maturity; organization sustainability; digital 
dimension; self-assessment 

1. Introduction
The adaptation of digital transformation in the world has massively changed busi-

ness processes in almost all industries [1]. DX has a potential effect on improving the 
economy. It is estimated that, by 2030, more than 70% of new value creation in the econ-
omy will depend on digital platforms [2]. Digital transformation offers organizations ex-
cellent opportunities and high risks [3]. Bughin & Van Zeebroeck [4] suggest that 
organizations that do not react to digital disruption, or only partially, are likely to take a 
significant hit to their revenues and profits [5]. Many traditional companies are defeated 
by the presence of new, more innovative companies [6] The ride-hailing industry is shift-
ing the existence of conventional taxis [7–12]. The need to transact digitally has developed 
a new industry in digital wallets [13–15].  

During its development, digital transformation carries risks in various dimensions. 
The technological dimension according to Massimo [16] and van Deursen & van Dijk [17] 
is the initial stage towards digital transformation. The slow adaptation of technology car-
ries the risk of it being left behind by organizations in competition; in the end, this risk 
has an impact on the sustainability of the organization. Moreover, the disruptive effects 
of technology require organizations to transform in order to survive. The magnitude of 
the role of big data and the development of digital technology such as the internet of 
things, robotics and artificial intelligence are projected to have an impact on business [6]. 
The entry of new digital technologies is a clear signal for organizations to change. In 
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addition, the presence of digital technology also carries risks in non-technological dimen-
sions, such as economic and social risks. Changes in the economic and social structure 
(workers) are seen in the replacement of human labor in certain areas such as call center 
services with the help of robots or virtual agents, optimizing logistics flows and reducing 
supply chain costs through the use of AI and blockchain [6]. This change in the economic 
and social structure allows for a more efficient management of organizations. The slow 
change in the management of the socio-economic structure that is not lean and efficient 
adds to the burden on the organization in its competition. Social risks such as unemploy-
ment are another effect of this technology. Global e-commerce sales reached USD 2.3 tril-
lion in 2017, and e-retail revenue is projected to grow to USD 4.88 trillion by 2021 [15]. The 
shift in sales flows towards digital technologies has had a disruptive impact on conven-
tional sales organizations. Technology adaptation cannot be ignored considering the mag-
nitude of the risks faced. Digital Transformation is a form of gradual change. The meas-
urement of digital maturity helps organizations measure the transformation that has been 
carried out while at the same time assisting the organization in developing strategies to 
achieve a better level of transformation in the future 

Various opportunities to increase profits and the presence of new industries due to 
the impact of digitalization require organizations to transform [18–20]. While DX has a 
significant disruptive impact on businesses and society, organizations are aware of its po-
tential effects. However, many still have no clear roadmap for reimagining the existing 
processes with emerging technologies [1]. Other research states that many organizations 
are still trying to organize and implement a digital agenda [5,21,22]. Most research results 
focus on specific aspects of digital transformation or case studies [18] The lack of an inte-
grated approach to developing a company-wide digital transformation strategy was also 
identified by Hess et al. [23], Hyvönen [24] and Ismail [25]. Meanwhile, some academic 
literature partially discusses aspects of Digital Transformation [26–29]. DX is an ongoing 
and complicated undertaking that can substantially shape an organization’s op-
erations [1]. DX is growing increasingly complex, involving various aspects [6]. 
Technology is only part of the DT problem that must be solved for organizations to remain 
competitive in the digital world [30]. Skills, social strata, culture [31] and the role of the 
government [32] have contributed to the success of DT. Therefore, it is essential to co-
ordinate and manage the different holistic domains of digital transformation [1,33]. 
Embracing DX requires a comprehensive point of view [33], including heteroge-
neous and complex processes from the different domains of strategy, human re-
sources, process management, information technology and others [34]. In line 
with this, it is necessary to monitor the status of DX achievement from a holistic 
point of view. The objective of the maturity model (MM), which consists of a se-
quence of different levels of maturity, is to compare the current level of the organ-
ization or process with the desired level in terms of maturity by conceptualizing 
and measuring [22]. The Digital Maturity Model has been widely introduced by 
academics and practitioners [1]. Existing Digital Maturity Models have various 
dimensions and stages of maturity [1,35,36]. In addition to various maturity 
measures, they are not always easily accessible; for example, there may be pay-
ments or third-party assistance [1,37]. Meanwhile, measuring the maturity level 
of Digital Transformation implementation is a necessity as a form of guidance for 
organizations in knowing the current digital transformation position, evaluating 
target gaps and realizing digital transformation implementation to determine the 
right strategy to realize digital transformation as a whole. This is an adaptation 
response to all forms of change to increase organizational resilience and sustain-
ability [3–5]. Therefore, it is necessary to measure the digital maturity that accom-
modates various dimensions of supporting digital transformation as a whole [1,5] 
and can be easily accessed by users [38]. This research seeks to fill the gap in meas-
uring digital maturity models. 
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This study provides an extended framework of the Digital Transformation Self-As-
sessment Maturity Model (DX-SA MM), utilizing a comparative analysis of various digital 
maturity models and qualitative approaches through expert feedback. It poses three re-
search questions: 
1 How should one holistically analyze and identify framework-extended DX 

by considering multidimensional aspects? 
2 How should one determine the current level of organizational DX maturity? 
3 What recommendations can be offered to increase DX maturity? 

This research uses a qualitative–exploratory approach by involving cross-sectoral DX 
expert informants, cultural experts, community leaders and secondary literature as refer-
ence support and taking Indonesia as a case study. The determination of the maturity level 
uses the basis of the empirical test of the international standard ISO/IEC Assessment 
known as SPICE. Model evaluation is carried out through an industry case study ap-
proach with different sectors, sizes and DX adoptions. 

This paper is organized into six sections. The first section is the introduction which 
provides an overview of the study. The second section presents the background of the 
study, followed by the research methodology in the third section. The fourth section pre-
sents the findings, within which two case studies are presented. The fifth section discusses 
the results of the study, and the last section concludes the study 

2. Background 
2.1. Digital Transformation (DX) 

There are various definitions of Digital Transformation from different perspectives 
[39]. According to Schallmo [40], there is no generally accepted definition for the term 
“digital transformation”. The term “transformation” expresses fundamental changes in 
organizations, which have an impact on strategy, structure [5] and the distribution of 
power [41]. Digital transformation can be seen as a process of the continuous adoption of 
a significantly changing digital landscape to meet the digital expectations of customers, 
employees and partners [39]. This adoption process must be actively designed, initiated 
and executed [42]. McKinsey [43] held that the term “digital” is less about one process and 
more about how companies conduct their business [44]. DX is defined as an achievement 
of disruptive technologies that brings new business models and operations across all sec-
tors [1]. The implementation of technology in business processes is only a small part of 
digital business transformation. In addition, digital technologists must create added value 
for customers, the business itself and other important stakeholders [40] Since it has social, 
technical, technological and managerial effects on organizations, DX must be managed 
from a holistic perspective [1,6,33,39,45–47]. 

2.2. Digital Maturity 
The term maturity refers to being in perfect condition; it is also a testament to achieve-

ment and provides guidance to fix or prevent problems [48]. The maturity model provides 
large-scale knowledge of the current state of the company and the path to be taken to 
implement strategies of industry 4.0 [21]. Maturity can be used as an evaluation criterion 
and described in a comprehensive manner. It is also useful in developing the basic stage 
to a more advanced final stage [49]. 

The maturity model in research is a method of measuring the current state of the 
organization [22], the transformations that have been carried out, the achievements that 
have been obtained and the paths that must be taken to increase the level of maturity [21]. 
In the digital context, which is the focus of this research, the measurement in question is 
a measurement of the current state of digital transformation that has been carried out by 
organizations. This is transformation that is not just technology [50] but a comprehensive 
transformation in various dimensions as a unified form of digital transformation. In this 
study, the digital maturity model is defined as a method for measuring the current state 
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of an organization in terms of digital transformation, strategy, technology adoption 
[16,51,52] and business process implementation [53]. 

The measurement results provide information in the form of the current maturity 
level, so the measurement results can provide an overview for determining future strate-
gies in increasing the maturity level. 

The maturity model framework is essential for assessing organizations [54]. There is 
a difference between readiness and maturity in terms of assessment [22]. Readiness occurs 
before engaging in the maturation process and makes it clear whether or not the organi-
zation is ready to begin the development process [21,22]. The maturity assessment aims 
to capture the as-it-is state to show the degree of maturity of the organization [22]. Organ-
izations need information gleaned from maturity models to compare their current state 
with the best practices in business [21]. Therefore, the maturity model helps organizations 
decide when and why they need to take action to move forward and consider the neces-
sary measures to reach the advanced level of maturity. Digital maturity exceeds the inter-
pretation of technology, which reflects how the company performs tasks and handles the 
flow of information by IT and what the company has achieved in terms of undertaking 
digital transformation efforts. These include changes in products, services, processes, 
skills, culture and abilities regarding the mastery of the change process [53]. Thus, digital 
maturity can be seen as a holistic concept. Digital maturity is not a static concept because 
the digital landscape is constantly changing [21]. Therefore, an organization needs to as-
sess maturity over time [52]. 

2.3. Maturity Level 
In general, there are several maturity level models adopted by researchers and prac-

titioners. More than 50% of maturity models are equipped with maturity levels. It will be 
discussed in the next section. Under these conditions, there are stages of digital maturity, 
which are often referred to as maturity levels [21,22]. SPICE from ISO is a measurement 
of the maturity level that has been widely adopted in various cross-sectoral maturity mod-
els [1], such as government [55], automotive [56,57] and agility in organizations [58]. The 
maturity model provides large-scale knowledge about the current state of the company 
and the path to be taken for the implementation of the Industry 4.0 strategy [21]. Newman, 
2020 [35] sets the maturity level, namely, Initiating, Leading, Advancing, Performing and 
Emerging. Aslanova and Kulichkina [36] have delineated four maturity levels: Beginners, 
Catching-ups, Off-track and Leaders. The maturity models were developed as a guideline 
for monitoring important corporate practices [1]. The reference of these models was the 
progress rate of ad hoc practices and measurable practices that meet measurable condi-
tions [59]. CMM and ISO/IEC 15,504 are widely used maturity-level devices. CMMs focus 
strictly on software, whereas ISO/IEC 15,504 provides a maturity model reference consist-
ing of a generic process and practice attributes to provide a measurement of organiza-
tional capabilities [60]. ISO/IEC 15,504 is enhanced with ISO/IEC 3300xx, which provides 
a maturity level improvement-based maturity assessment known as SPICE. SPICE has 
been widely adopted in the measurement of maturity in different domains, such as the 
measurement of organizational agility [56–58], government [55] and cross-domain [1]. The 
current research develops DX maturity with a bet maturity level based on SPICE. The 
main reason for choosing SPICE in determining maturity levels is because, as a part of the 
ISO/IEC 3300XX family of standards, SPICE is a reference to a maturity model with an 
established and widely recognized structure. It also features a process assessment point 
of view and a set of requirements for assessment (ISO, 2015a, 2015b, 2015c). 

2.4. Digital Transformation Maturity Model 
The maturity model provides guidance on how organizations approach their trans-

formation and charts the path of how organizations can carry out those transformations 
[39,42]. In general, digital maturity models consist of dimensions and criteria that explain 
actions or measures that indicate an evolution towards maturity [39,42]. The specific 
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component that describes the main aspects of an action field is called a dimension [61]. 
This action is measured based on maturity levels consisting of specific and generic prac-
tices related to a series of maturity dimensions [39]. Although there have been several 
maturity models, there are many factors that cause failure in assessing the company’s 
transformation capabilities [21,22], such as partial domain discussion [1,5,21,39,62] and 
the high cost of maturity measurement due to the need for third-party assistance. The 
maturity model should be able to adopt an approach holistically [1,33,52]. Meanwhile, 
digital maturity measurement is needed at all times, making it easier for organizations to 
know the current status of transformation while determining the exact roadmap that must 
be followed to improve digital maturity. The digital transformation maturity model 
framework used in this study is based on the approach of Becker et al. [5,63] and Neff et 
al. [34]. After the maturity needs of the model are discussed, the next stage is to identify 
the existing model maturity framework. 

A literature search was conducted to identify existing Digital Maturity Models. The 
evaluation of the existing maturity models is based on four criteria. The specified criteria 
are mainly related to the study of Maier et al. [38] on the development of the organiza-
tional maturity grid, the MM evaluation criteria in Özcan-Top and Demirors [58] and the 
maturity criteria in the study of Gokalp and Matinez [1]. They reviewed various maturity 
and capability models and suggested roadmaps for developing maturity grids with spe-
cific decision points. Table 1 lists the criteria used and their description. 

Table 1. Criteria used in the evaluation of existing models. 

Criterion Description 
Criterion 1  
Define Scope 

The maturity model has broad characteristics that can be applied 
in all sectors [1,58] 

Criterion 2 
Design process 

Theory-driven; the maturity model is published in scientific pa-
pers that are indicators of academic approaches [1,58]  

Criterion 3 
Design Product 

A detailed description of each supporting component is available 
Detailed analysis [1,58]. 

Criterion 4 
Application Method 

Easy to implement, with the availability of tools/dashboards that 
can be accessed independently [38]  

Previous research on measuring maturity from E. Gökalp and V. Martinez (2021) [1] 
has general characteristics that can be implemented in all sectors, is built on theory and 
has detailed descriptions of each component, but tools are not yet available and require a 
third party to implement the model maturity. The maturity measurement by Aslanova IV 
and Kulichkina AI (2020) [36] has general characteristics, but the description of the re-
quired data needs has not been presented in full, and there are no accessible maturity 
measuring tools available. The maturity measurement by Schumacher et al. (2019) [51] has 
special characteristics that cannot be applied to all sectors, and there is no tool to measure 
maturity that is built on theory and is equipped with a description of each supporting 
component. Meanwhile, Newman’s research (2020) [64] proposes a maturity measure-
ment from the perspective of a practitioner that has general characteristics for use in var-
ious sectors and is equipped with an overview of each supporting component, but it does 
not have the tools available. 

Although all DX processes that add value should be considered using a holistic and 
integrated approach to obtaining the full benefits of DX, no MM meets the overall prede-
termined criteria 

These issues highlight the gap in the research that needs to be addressed. Therefore, 
this paper aims to fill the gap by developing a maturity model that meets the previously 
established MM criteria. The Maturity Model presented in this work seeks to extend ex-
isting models and tools through holistic domain engagement. The following section ex-
plains the stages carried out in this study. 
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3. Research Method 
The maturity model development method in this study consists of three phases (Fig-

ure 1). The first is the identification of the problem. As discussed in the previous section, 
the problem is that no MM has fully met the requirements, thus creating a research gap. 
This study aims to fill the gap by proposing the development of MMs that organizations 
can use to monitor the status of their digital maturity levels. A comparative analysis ap-
proach between existing MMs is carried out. The MM proposed in Digital Transformation 
is defined in accordance with the ISO/IEC 15504-Process Assessment Model (PAM) [58] 
and ISO 2015 [1], which has been developed in the next version of ISO/IEC 3300xx and is 
known as SPICE [1,57]. It aims to create a basis for conducting assessments and provide 
guidance for presenting assessment results with a rating scale. The second phase of DX-
SAMM was developed using a maturity model creation stage approach [63]. There are 
seven stages of model maturity, namely, the definition and identification of problems, the 
comparison of existing models, the determination of model development strategies, 
model development, the selection of forms which can be used by the communication tar-
gets of the maturity model (base checklist documents, manuals or tools to support the 
model), the creation of models that can be accessed by users and the evaluation of models. 
DX-SAMM is an MM artifact developed according to the stages mentioned earlier. At 
some stages, it employed a qualitative research method [65]. In line with the qualitative 
characteristics, the initial stage involving defining and identifying the problems was car-
ried out by data collection and a literature review. 

Literature Review for 
Problem identification

Comparison of Existing 
Models

Identify Research Gap

Determine Solution 
Development Approach

Identify Digital 
Transformation

Develop Definition of 
Digital Transformation 

Dimension

Develop Definition of 
Digital Maturity Level

Develop Assessment 
Framework

Gathering Expert Reviews

Finalize DX-SAMM

Conduct Case Study to 
validate Approach

Evaluate Case Study

DX-SAMM 
Assessment Report

Iterative and 
increments 

development 
supported with 
expert review

(1) Problem Identification (2) Model Development (3) Model Validation

DX-SAMM

 
Figure 1. Stages of the Research Method. 

The literature search at this stage was carried out through the Scopus and Google 
Scholar platforms. The Scopus platform was selected as a source of the literature search 
regarding articles, while Google Scholar is used to search literature with types of material 
such as theses, dissertations and technical reports. The keywords used include “Digital 
Transformation”, “Digital Maturity” and “Digital Maturity Model”. The criteria that were 
not included in this study were “Digitization” and “Digitalization”. This exception is be-
cause the Digital Transformation in question is broader than the stages (digitization, dig-
italization) of the digital itself [5]. 

The next stage, the comparison of models, was carried out by mapping the MM’s 
dimensions, maturity level and supporting documents. In this step, a new framework 
must be determined according to the results of the comparison, namely, comparative anal-
ysis [5]. For each dimension defined, additional literature reviews will help define and 
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explain the sub-dimensions. The model development strategy was determined using the 
ISO-Process Assessment approach by considering the results of the model comparison 
and model development. Furthermore, the selection of the form of MM presentation with 
base checklist documents was equipped with a calculation process and a software tool 
development to make it easier for users to access MM. The model that had been formed 
was then evaluated by obtaining expert reviews. The final stage was model validation. 
The model validation in this study employed the approach of several case studies. Case 
studies are a design evaluation approach and can be used to validate models [38,58,66]. 

In this study, the evaluation model was applied to two different sectors, namely, the 
education sector and the transportation sector. The education sector is used as a case study 
to measure digital maturity because the organization existed before the rapid develop-
ment of digitalization. The selection of this case study is expected to show that the current 
level of digital maturity is more advanced than that before, which was not born digitally. 
The selection of the second case study is ride-healing, as a form of organization that was 
born as a response to digital developments. The selection of this case study is expected to 
demonstrate the level of digital maturity in an organization with a digital backgrounds 
since the organization was founded. 

This evaluation is a form of early-stage evaluation that, in further research, needs to 
be developed in various sectors, and the implementation of the model needs to be tested. 
The maturity level is determined based on the satisfaction of criteria for each DX dimen-
sion. The processing of achievement data is categorized in FA, LA, PA and NA. The input 
for measuring maturity was completed by answering questions in the form of a question-
naire. The measurement scale used in designing the questionnaire is a Likert scale. The 
user determines the level of agreement with the statement by selecting one of the available 
options. 

4. The Extended Digital Maturity Model 
4.1. MM Comparative Analysis 

A literature review was conducted to identify the existing Digital Maturity Model. 
The literature review resulted in nearly a hundred articles on digital transformation mod-
els and frameworks, but only those from reputable journals and validated dimensions 
were considered for further analysis. Thus, 44 related Maturity Models were obtained 
(Table 2). Furthermore, the existing 44 Maturity Models were evaluated based on four 
predetermined criteria. However, none of these models fully met the established evalua-
tion criteria. M5, M6, M7, M9, M10, M11, M12, M15, M16, M17, M18, M22, M26, M30, M33 
and M34 were built for the sector and therefore did not meet the first criterion. M3, M13, 
M21, M25, M27, M28, M29, M31, M35, M36, M38, M39, M40, M42, M43 and M44 were 
published as white papers by practitioners, so they did not meet the second criterion. M2, 
M4, M14, M19 and M37 did not fully describe specific attributes and content. Thus, these 
models did not meet the third criterion. In addition, M1, M2, M6, M7, M8, M9, M11, M12, 
M16, M22, M26, M34 and M43 were not equipped with the availability of assessment tools, 
so they did not meet criterion 4. M3, M25, M27, M26 and M42 provided assessment tools 
but were neither open-access nor published in scientific papers; hence, they did not meet 
the second criterion. M37 provided a maturity measurement device, but it was built only 
for specific sectors (manufacturing), so it did not meet the first criterion. 
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Table 2. The existing Digital Maturity Model. 

No Digital Maturity Author 
Organizati

on & 
Structure 

Technology 
(Connectivit

y) 

Strateg
y 

Custom
er 

Employ
ee 

Cultur
e 

Process 
Transformati

on 

Produ
ct 

Operatio
ns 

Servic
e 

Innovatio
n 

Competenc
es 

Value 
Prepositi

on 

Value 
Creatio

n 

M1 

Digital 
transformation 

capability 
maturity model 

enabling the 
assessment of 

industrial 
manufacturers 

(Gökalp and 
Martinez, 2021)   v v   v   v               

M2 
Industries 4.0 

Maturity Index-
Acatech 

(Schuh et al., 
2018, 2020) 

v v       v                 

M3 Digital Maturity 
Model 

(Newman, 
2020) 

v v v v v v     v           

M4 
Digital Maturity 
Definition and 

Model 

(Aslanova IV 
and Kulichkina 

AI, 2020) 
v v v   v                   

M5 
Road mapping 

toward industrial 
digitalization 

(Schumacher, 
Nemeth and 
Sihn, 2019) 

  v   v       v           v 
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M6 

A model for 
assessing the 
maturity of 

Industry 4.0 in 
the banking 

sector 

(Bandara, 
Vidanagamach

chi and 
Wickramarachc

hi, 2019) 

v v v v v     v v v         

M7 

IMA–
Infrastructure 

maturity 
assessment 

(Williams et al., 
2019) 

  v                         

M8 
Industry 4.0–

MM/ 

(Gökalp and 
Demirörs, 2017; 

Sener et al., 
2018) 

v   v       v               

M9 

A smart 
manufacturing 
maturity model 

for SMEs (SM3E) 

(Mittal, Romero 
and Wuest, 

2018) 
    v   v   v v             

M1
0 

DPMM 4.0–
Industry 4.0 

maturity model 
for the delivery 

process in supply 
chains 

(Asdecker and 
Felch, 2018)             v               

M1
1 

A preliminary 
maturity model 
for leveraging 

digitalization in 
manufacturing 

(Sjödin et al., 
2018) 

  v     v   v               

M1
2 

A maturity 
assessment 
approach 

(Colli et al., 
2018, 2019)   v v                 v   v 
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M1
3 

Deloitte’s digital 
maturity model 

(Anderson and 
William, 2018) 

v   v v v v v               

M1
4 

Development of 
a Digitalization 
Maturity Model 

(Canetta, Barni 
and Montini, 

2018) 
  v v   v   v v   v         

M1
5 

Maturity and 
Readiness Model 
for Industry 4.0 

Strategy 

(Akdil, 
Ustundag and 

Cevikcan, 2018) 
v   v       v v   v         

M1
6 

Structuring 
Digital 

Transformation 
(in Zeiss) 

(Gimpel et al., 
2018) v v   v         v       v   

M1
7 

Organizational 
Agility Maturity 

Model 

(Gunsberg et 
al., 2018) v   v   v v         v v     

M1
8 

Company 
Readiness 

Evaluation for 
Digital Business 
Transformation 

(Isaev, 
Korovkina and 

Tabakova, 
2018) 

v v v v         v   v       

M1
9 

Discovering 
digital business 

models 

(Remane et al., 
2017) v                 v     v   

M2
0 

University of St. 
Gallen dan 
Crosswalk 

(Berghaus, Back 
and 

Kaltenrieder, 
2017) 

v v v v   v v v             

M2
1 

PWC, 2017 (Shahiduzzama
n et al., 2017) 

  v v v v                   
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M2
2 

Dreamy Model–
Digital Readiness 

Assessment 
Maturity Model 

(De Carolis et 
al., 2017) 

v v         v               

M2
3 

Industry 4.0 
Maturity Model 

(Gökalp and 
Demirörs, 2017) v   v   v   v               

M2
4 

Maturity Model 
for Digitalization 

(Klötzer and 
Pflaum, 2017) v v v v   v v v     v v     

M2
5 

Digital Future 
Readiness 

Transformation 
Model 

(Schlaepfer and 
Radowitz, 

2017) 
v       v v                 

M2
6 

System 
integration 

maturity model 
Industry 4.0–

SIMMI 4.0 

(Leyh et al., 
2017)   v           v             

M2
7 

Open Digital 
Maturity Model 

(Open ROADS 
Community, 

2016) 
  v v v v v       v   v     

M2
8 

A digital 
maturity model 

for 
telecommunicati

ons service 
providers 

(Valdez-de-
Leon, 2016) 

v v v v   v     v   v       

M2
9 

PWC, 2016 
(Griessbauer, 

Vedso and 
Schrauf, 2016) 

v v   v v v v v   v         

M3
0 

A Maturity 
Model Industry 

4.0 readiness 

(Schumacher, 
Erol and Sihn, 

2016) 
  v v v v v   v v           
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M3
1 

Forrester digital 
maturity model 

4.0/ 

(Gill and 
Vanboskirk, 

2016)  
v v       v                 

M3
2 

Practical Digital 
Transformation 

Playbook 
(Rogers, 2016)       v   v         v   v   

M3
3 

Smart 
Manufacturing 

System 
Readiness Level 

(SMSRL) 

(Jung et al., 
2016) v v                         

M3
4 

Three-stage 
maturity 

(Ganzarain and 
Errasti, 2016)             v v             

M3
5 

Digital Readiness 
Assessment (Wallner, 2016) v v v v v v                 

M3
6 

Roland Berger (Berger, 2015)   v   v         v           

M3
7 

Impuls–Industrie 
4.0 readiness 

(Lichtblau et 
al., 2015) v   v   v     v v v         

M3
8 

Capgemini 
Consulting 

(Westerman et 
al., 2011, 2012; 
Fitzgerald et 

al., 2013; Buvat 
et al., 2017) 

      v   v v               

M3
9 

McKinsey 

(Catlin, Scanlan 
and Willmott, 

2015; Edelman, 
2015; Goran, 
LaBerge and 
Srinivasan, 

2017) 

v   v     v           v     
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M4
0 

The Connected 
Enterprise 

Maturity Model 
(2014) 

(Rockwell 
Automation, 

2014) 
          v                 

M4
1 

VTT Model of 
Digimaturity 

(Leino et al., 
2017) v v v v v v v               

M4
2 

Digital Maturity 
Model (Peyman, 2014)   v v   v v   v v           

M4
3 Deloitte 

(Kane et al., 
2015, 2016, 

2017; Deloitte 
Switzerland, 
ACSC and 

Chen, 2018) 

v         v v   v           

M4
4 

PWC (Booz and 
Company) 

(Friedrich et al., 
2011) 

            v               
   25 27 24 18 19 20 18 13 10 7 5 5 3 2 
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The fulfillment of the maturity model criteria is presented in Figure 2: 

 
Figure 2. Digital Maturity Model and the criterion. 

Based on the results of the suitability analysis of maturity measurement criteria, there 
is no maturity measurement model that meets all the maturity measurement criteria pro-
posed in this study (Table 1). The maturity models were developed by applying a theo-
retical approach to MM comparative analysis. After reviewing the literature in the previ-
ous section, the models and framework were compared and evaluated according to their 
dimensions. 

The 44 maturity models are presented in Table 2. The comparison of the dimensions 
of the 44 maturity models identified more than 100 dimensions. Furthermore, the dimen-
sion comparison analysis was carried out based on the similarity of the definitions and 
scope, leaving only 50 dimensions. The fourteen main dimensions that frequently ap-
peared in the maturity framework are presented in Table 2. Several core dimensions were 
identified based on the comparative analysis of the dimensions of the maturity model. 
They were: Organization and Structure (24), Technology (22), Strategy (21), Customer (18), 
Employee (17), Culture (20) and Process Transformation/Business Process (18). These di-
mensions meet the 40% threshold [5] and will be proposed as a development of the DX 
maturity model in the next section. 

4.2. MM Extended Framework 
The dimensions of supporting digital transformation based on the comparative anal-

ysis in the previous chapter are then presented in Figure 3. Technology ranks as the sec-
ond-most widely used dimension in measuring digital transformation, followed by em-
ployees as executors of the transformation process and the last ranking of business pro-
cesses in supporting digital transformation. This research also found that organization 
and structure rank first in the success of digital transformation. The dimensions found to 
support digital transformation are grouped into seven groups with a total of 20 indicators 
(Figure 4). 

Criterion-1, 
19

Criterion-2, 
28

Criterion-3, 
36

Criterion-4, 
11

Digital Maturity Model and the criterion
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Figure 3. Extended Framework of Digital Maturity. 

 
Figure 4. Dimensions and description of DX-SAMM. 

4.2.1. Organization and Structure 
The organization structure consists of the internal organization and dynamic net-

work collaboration [67,68]. Organizations can be defined as inputs for DX [21]. Achieving 
digital maturity requires management readiness to change, continuous learning and 
change in the organization’s business processes [36]. Organizations create the structure 
and functions of an ecosystem to create products and services [69]. Organizations and 
structures investigate capabilities such as data collection, usage, data analytics and big 
data tools and data-driven services. Collecting and completing data assessments from var-
ious sources, including infra-structures, manufacturing systems and information systems, 
enables organizations to make real-time decisions regarding current or future operations. 
Therefore, integrated and automated data flows are essential inside and outside the com-
pany [55]. The dimensions of Organization and Structure are described through (1) Or-
ganizational Structure Management, (2) Sustainable Learning Management and (3) Or-
ganizational Change Management. 

4.2.2. Technology 
Technology is a crucial driver of digital transformation. Without technology, the dig-

itization process is challenging to carry out [50,70,71]. A high level of digital maturity of-
ten requires the high digital competence of employees in the DX process [36]. The tech-
nology requirements for each DX project must be defined to ensure its possible success. 
Some of the technology requirements for DX projects include development, integration, 
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business processes and infrastructure [1]. The use of technology, such as application de-
velopment, should be based on the principle of agile software development and IT secu-
rity management. These processes are central to the organization’s DX journey. Data pro-
cessing and security systems are an inseparable part of technology [35,72]. The infrastruc-
ture at DX has the sophistication of underlying IT technologies, focusing on the presence 
and use of computers and computer networks (wired and wireless) as well as the presence 
and type of connection to the internet, including the use of fixed and cellular broadband 
or other fixed connections [73]. Technology dimensions consist of the (1) Information Sys-
tem, (2) Security Management and (3) Infrastructure. 

4.2.3. DX Strategy 
The presence of a strategy can be defined as an input from DX which serves to shape 

organizations and businesses in the transformation process [21]. DX’s strategy leads the 
determination of a strong vision and roadmap and inspires how existing technologies can 
create a future with shared values [1]. The strategy must take into account the develop-
ment that occurs in the future. The DX strategy should also pay attention to legal and tax 
policies, finances, sustainable guidelines and government regulations [74]. Thus, the con-
tent derivatives of the strategy dimension include: (1) Strategy Development, (2) Financial 
Analysis and (3) Portfolio Management. 

4.2.4. Customer 
DX provides a space for customer engagement by interacting with an easy-to-use 

user interface, improving the customer experience. The service reliability increases cus-
tomer trust [35]. Organizations need partnerships to build a digital ecosystem, such as 
digitizing customer service delivery and contact [22,75–77]. The internet (mobile) allows 
for direct access to customers who can offer transparency and a new type of service (Ber-
ger, 2015)[78]. Customer dimensions can be derived from attributes such as (1) Customer 
Engagement, (2) Customer Experience and (3) Customer Trust. 

4.2.5. Employee 
Human resource readiness and the awareness of technological change are needed to 

support the digital transformation process. Worker engagement, motivation and partici-
pation in strategic changes in an organization are the keys to DX’s success [36]. Continu-
ous learning and change management [35] make it easier for organizations to adapt to all 
forms of change [1]. Knowledge and expertise are gained through the willingness to learn 
sustainably [22,75]. The Employee/People dimension can be explained through (1) Skill, 
(2) Awareness and (3) Continuous learning. 

4.2.6. Culture 
Companies will not be able to achieve the desired agility if they only introduce digital 

technology without also paying attention to their corporate culture [67,68]. 
Technology does not add value to organizations unless they have a culture where 

employees trust, recognize and are ready to accept the system [42]. In addition, the actions 
that employees perform must be entirely knowledge-based. Environmental knowledge, 
characterized by trust and social relationships, provides a basis for open knowledge shar-
ing (open communication) without barriers among employees [35]. The Cultural Dimen-
sion is characterized by (1) A Willingness to Change and (2) Social Collaboration. 

4.2.7. Transformation Process 
The Transformation Process describes the extent to which processes are integrated 

through technology for efficiency. The integration should occur at the internal and exter-
nal levels of the organization. Companies can use digital technology for enterprise re-
source planning. They can also use it for internal information, sharing with various 
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organizational functions such as finances, production management, service management 
and business process digitization [1,55,62,79]. External integration consists of electronic 
data exchange with public partners and financial institutions [21,73]. The dimensions of 
Business Transformation are explained through (1) Business Process Digitalization, (2) 
Business Process Vertical Integration and (3) Business Process Horizontal Integration. The 
development of a digital maturity model framework with seven groups of dimensions is 
then proposed as an extended framework of Digital Maturity (Figure 3). 

4.3. DX-SAMM 
DX-SAMM is built with seven dimensions: Organization & Structure, Technology, 

Strategy, Customer, Employee, Culture and Transformation Process (Business Process). 
These dimensions are described in the form of questions that are used as materials for 
assessing the maturity level. The DX-SAMM assessment adopts an ISO/IEC assessment 
defined in international standards as nine process attributes (Figure 4). Furthermore, the 
DX-SAMM dimension is mapped to the process attribute so that it produces generic items 
in the form of a questionnaire used to assess organizational maturity. Maturity level as-
sessment is carried out by filling out each question item based on that dimension group. 
Understanding the digital context of organizational transformation is needed in the as-
sessment process so that the results obtained are not subjective. The assessment of process 
attributes in this document is in accordance with the ISO/IEC 33000xx assessment stand-
ard (Table 3). 

Table 3. Maturity Levels in ISO/IEC Assessment. 

Level  Attribute 
5—Optimizing PA. 5.1 Process Innovation 
  PA. 5.2 Process Optimization 
4—Predictable PA. 4.1 Process Measurement 
  PA. 4.2 Process Control 
3—Established PA. 3.1 Process Definition 
  PA. 3.2 Process Deployment 
2—Managed PA. 2.1 Performance Management 
  PA. 2.2 Work Product Management 
1—Performed PA. 1.1 Process Performance 

The scoring scale is then mapped in a Likert scale and used as a score for answers to 
the questions presented in the questionnaire (Table 4). Based on SPICE, level 2 achieve-
ment can be measured if level 1 has been met and the attributes at level 1 have reached 
the “Fully Achieved” rating. Level 3 achievement can be measured when level 2 is com-
pleted and all attributes at level 2 have achieved a “Fully Achieved” rating. These assess-
ment provisions are used as the basis for recommendations for maturity level improve-
ment in DX-SAMM. After the data collection was carried out, the data were processed 
using a statistical method to analyze the questionnaire. The calculation generated a value 
that reflects the percentage of the achievement of the maturity process, which then deter-
mined an organization’s digital maturity level. 

Table 4. Achievement Score. 

ISO/IEC Assessment 
Likert Scale 

Scale Achievement 
0–15% Not Achieved (NA) 1 
15–50% Partially Achieved (PA) 2 
50–85% Largely Achieved (LA) 3 
85–100% Fully Achieved (FA) 4 



Big Data Cogn. Comput. 2023, 7, 17 18 of 28 
 

4.4. Maturity Level 
DX-SAMM was built to measure the achievement of Digital Transformation in an 

organization and provide recommendations for corrective steps for optimizing DX 
achievement. DX-SAMM has six maturity levels adapted from the standard SPICE ma-
turity level (ISO/IEX 3300XX), with adjustments (level image). These levels are level 0—
incomplete, level 1—performed, level 2—managed, level 3—established, level 4—predict-
able and level 5—Optimizing (Figure 5). The DX maturity level assessment processing 
with DX-SAMM produces DX achievement status information based on its maturity level 
while providing a reference for DX improvement at the next level based on the adjusted 
ISO/IEC 3300XX. It is vital to understand that successful DX occurs gradually. DX-SAMM 
provides improvement recommendations, including all related dimensions, with a 
phased approach that depends on the order of maturity levels. Each level is built up from 
the achievements of the previous level. 

incomplete Performed Managed Established Predictable Optimizing

Innovation
Optimization

Measurement
Process Control

Definition
Deployment

Performance 
Management
Work Product 
Management

Process 
Performed

Incomplete 

 
Figure 5. Digital Maturity Level. 

Level 0: Incomplete. This level indicates that it has not taken part in DX activities in 
the organization. Some requirements may exist but are at very low values. 

Level 1: Performed. DX planning has been in place and started but has not yet been 
fully implemented. A vision and transformation strategy have been developed. DX pro-
jects have been identified, evaluated and prioritized. The upskilling of the workforce and 
the digital transformation infrastructure are determined. 

Level 2: Managed. The DX process has been well managed. Digital transition activi-
ties have been seen and implemented. Existing business processes are digitized through 
technology. DX activity projects begin, digital infrastructure is used predominantly across 
business processes and relationships with third parties are managed digitally. Level 3: 
Established Assigned Process. 𝐽( , ) = ∑ ∑ ( , )∈ | |∈ | |   (1) 𝑀( ) = ∑ ( , )| |   (2) 
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𝑀 = 𝑀𝑖𝑛(𝑀 ,𝑀 ,…𝑀 )  (3) 
H: The result of the value of the Likert scale; A: Average value of the attribute; Q: 

Question; R: Respondent; a: Attributes; M: Maturity 
The Digital transition process has been carried out consistently in accordance with 

the established standards so that the business process integration can go well. The Digital 
Transformation process has happened on every front. Organizational changes, from the 
perspectives of human resources and business processes, have become a habit. Level 4: 
Predictable. Quantitative techniques began to be applied to real-time data collected for 
products, services or processes. The measurement of the success of the digital transition 
process is carried out. Horizontal integration, which is cross-network integration at the 
business level, is implemented. Data analytics on business processes are applied. Level 5: 
Optimizing. The DX process is evaluated using business process implementation data for 
continuous improvement. An innovative culture has emerged, and transparent and dy-
namic cooperation has been created by optimizing the existing system. The DX maturity 
assessment is carried out by filling out a number of questions based on the dimensions 
that have been mapped in the standard process attributes. The questionnaire answers are 
then assessed with the formula provided [21,22] and score limits to determine their ma-
turity level (Table 5). The results of the calculation of digital maturity (Equations (1)–(3)) 
are further mapped based on the threshold value of the maturity level [21]. In general, the 
assessment process for DX-SAMM is presented in Figure 6. 

Table 5. Limit value to determine maturity level. 

 Limit Value 
Maturity level Low Tall 
Level 0: Incomplete 0.00 0.20 
Level 1: Performed 0.21 0.80 
Level 2: Managed 0.81 1. 60 
Level 3: Established 1.61 2. 40 
Level 4: Predictable 2.41 3.20 
Level 5: Optimizing 3.21 4.00 

Result Score
Maturity Level

Recommendation for 
Improving Level

Level X-1 = LA;
 Improvement to level X
Level X-1 = FA;
Improvement to level 
X+1

Level 0 - incomplete
Level 1 - Performed
Level 2 - Managed
Level 3 -  Established
Level 4 - Predictable
Level 5 - Optimizing

Result 
Process

Achievement

0% - 15% Not Achieved (NA)
15%-50% Partially Achieved (PA)
50%-85% Largely Achieved (LA)
87%-100% Fully Achieved (FA)

Linkert Scale

1 NA
2 PA
3 LA
4 FA

Assessment

DX Dimension

1. Strategy
2. Technology
3. People
4. Culture

Atribut ISO/IEC 3300xx (SPICE)

PA.5.1 Process Innovation
PA 5.2 Process Optimization
PA.4.1 Process Measurement
PA 4.2 Process Control
PA.3.1 Process Definition
PA 3.2 Process Deployment
PA.2.1 Performance Management
PA 2.2 Work Product Management
 PA.1.1 Process Performance

Mapping DX Attribute

 
Figure 6. DX-SAMM Assessment Process. 
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The proposed maturity development parameters, including MM construction [80,81], 
are presented in Figure 7. The proposed MM scope is a development of the existing MM 
by meeting the requirements discussed in the previous section. The sphere of maturity 
has a general characteristic that can be used across sectors. The basis of digital maturity 
model development not only discusses technology but also aspects of management. The 
MM model design focuses on the process of maturity, objects and people involving mul-
tidimensional aspects. Such focus is so that MM can be accepted in various sectors [1,5]. 
DX-SAMM design processes are theory-driven by thoroughly considering literature re-
views from academics and practitioners. The application method applied to MM is a self-
assessment with a product design in the form of an assessment device, but in this paper, 
textual and functioning description is presented through the calculation of the assessment 
and classification of maturity levels. 

 
Figure 7. Construction of DX-SAMM Maturity Development. 

Product Design in the form of Instantiation (assessment tool) is discussed next. The 
DX-SAMM application method is based on Self-Assessment, making it easier for organi-
zations to independently assess DX achievement. The evaluation of maturity is artificial 
through case studies of two different organizations. 

4.5. Implementation of Case Studies 
The DX-SAMM trial was implemented by two organizations. The first case study was 

conducted in an educational organization with approximately 700 employees. The organ-
ization is a private higher education organization that has existed for over 30 years. The 
digital transformation process is planned by the organization by adding a special organi-
zational structure related to digital transformation. It is located in a big city, allowing in-
ternet connectivity barriers to be overcome. The term “Edu-case” is used in the first case 
study. The interviews were conducted with three people: the operation manager, IT man-
ager and marketing manager. The second case study was conducted in a ride-hailing or-
ganization with approximately 200 employees. This start-up organization has been 
around for five years and has been using digital technology since its inception. Organiza-
tions continue to transform digitally by leveraging information systems instead of human 
labor. Even though the organization is located on the outskirts of the city, the use of digital 
technology has been widely applied in every activity. Therefore, the term “ride hailing-
case” was used in the second case study. Interviews were conducted with three people: 
the operations manager, the planning and development manager and the IT manager. In 
general, the interviews were conducted to provide an understanding of how to fill out the 
DX maturity assessment. The assessment was carried out with the achievement of the 
process, namely, F.A., L.A., P.A. and N.A, as defined in the section on the DX maturity 
level assessment process. Filling in the achievement of the process objectively is important 
to do; this is to avoid bias and subjectivity in the achievement score. Therefore, filling in 
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the achievement of the DX process needs to be carried out by the DX team or organiza-
tional HR, which understand the organization’s digital transformation well. 

5. Results and Discussions 
Digital Transformation is a series of activities that are interrelated with the goal of 

achieving organizational transformation towards digitalization. The results of this study 
indicate that technology is not the most important dimension in digital transformation. 
This is in line with the opinion of Tabrizi et al. (2019) [50] that DX is not just about tech-
nology. The results of this study differ from several previous studies on technological ad-
vantages [16,51,52], which are the main drivers of digital transformation. The technologi-
cal dimension in this study confirms the research of academic studies [1,36,51,67,75] and 
practitioners [35,52,82,83]—technology is an inseparable part of the digital. 

The most important dimensions that support the success of DX are organization and 
structure and strategy. This finding also confirms previous findings that successful digital 
transformation requires an alignment of strategy and governance [1,35,36] and organiza-
tion [62,67,75]. The dimensions of employees and business processes are the last dimen-
sions that support the success of digital transformation. There is a slight difference from 
the findings of previous studies indicating that the success of transformation is deter-
mined by employees [16,75], customers [36,51], the transformation process [1,74,79,84] 
and culture [37,67]. In this case, employees, as transformation implementers, determine 
how the digital transformation implementation strategy is formulated. 

The supporting dimensions of digital transformation that have been found in the pre-
vious chapter are then applied to a case study of measuring digital maturity. 

5.1. Case Study 1 
The assessment results in the case study-1 “Education” are presented in Figure 8 by 

displaying the results of the “Education-case” maturity mapping for the seven dimensions 
of DX-SAMM. In general, the maturity level is at the 2—managed level, with a score of 
1.65. The organization has initiated to change toward Digital Transformation. It has begun 
to digitize existing business processes through technology. Operational activities have 
used digital infrastructure, and relationships with third parties have been carried out us-
ing technology. 

 
Figure 8. Maturity Level (Case 1). 

The blue circle in figure 8 shows the maturity scores on each dimension in the first 
case study. Based on the assessment, the Culture and Employee dimensions are at the 
lowest maturity achievement. Employees’ willingness and awareness regarding the adap-
tion to technology impact the success of DX achievement. The added value of technology 
cannot be fully utilized if the level of trust in technology is low. DX-XAMM provides 
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strategy recommendations for organizations through low-achievement assessments of re-
lated dimensions based on ISO/IEC—SICE assessments to increase maturity levels. In the 
SPACE assessment, achievements under LA cannot be categorized as reaching the level 
above it. Some aspects that need improvement include improving employee skills 
through continuous training, increasing social collaboration and changing the external in-
tegration of the electronic data exchange with public partners and financial institutions 
through technology. 

5.2. Case Study 2 
The DX-SAMM assessment results for the Ride Hailing case-2 study are at the 4—

predictable level (Figure 9). The orange circle in figure 9 shows the maturity scores on 
each dimension in the second case study. In general, digital transition activities have been 
carried out consistently in accordance with established standards. The integration of busi-
ness processes has been carried out digitally, the use of technological infrastructure has 
been continuous and relationships with third parties have been managed digitally. 

 
Figure 9. Maturity Level (Case 2). 

Human resources already have an awareness of the importance of technology, which 
can be seen from the optimal use of technology and security that guarantees the increase 
in employee confidence in the technology. Real-time data analysis with quantitative tech-
niques is used to make decisions and determine the organizational strategy. The measure-
ment of the digital transition process is routinely carried out and monitored. Despite hav-
ing reached a high level of DX maturity, DX-SAMM provides recommendations for im-
provement at the next maturity level through achievement calculations based on ISO/IEC 
Assessment—SPICE. Increased customer involvement in creating services is necessary. 
The use of customer personalization data has not been processed optimally; thus, improv-
ing the ability to maintain competitive sustainability is essential. 

5.3. Cross-Case Study Comparison 
One of the foundations for assessing DX success is through DX maturity ratings in 

organizations. There are differences between the two case studies (education and ride-
hailing) in their transformation journey and ambition to achieve DX. A comparison be-
tween the two case studies in this study is presented in Figure 10. It vividly shows the 
difference in the DX maturity achievement graph for the Ride-Hailing case study on all 
aspects of the dimension compared to the Education case study. The gap between these 
two case studies is wider in employees (Table 6). Based on the HR assessment in the Ride-
Hailing case study, it is more prepared and aware to adapt to technological changes. The 
role of human resources allows the organization to carry out the vision outlined in the 
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strategy. Human resource readiness and awareness support the achievement of maturity 
in other aspects such as technology implementation, transformation processes and other 
dimensions, as well as the seven dimensions of DX-SAMM which are interrelated and 
integrated. 

 
Figure 10. Cross-case Maturity Level Comparison. 

Table 6. Maturity Gaps Across Case Studies. 

Dimension Education (Case Study-1) Ride Hailing (Case Study-2) Gap 
Organization Structure 1.10 3.20 2.10 

Technology 1.20 3.15 1.95 
Strategy 2.01 3.81 1.80 

Employee 1.09 3.32 2.23 
Customer 1.92 3.10 1.18 

Business Process 1.99 3.40 1.41 
Culture 1.05 3.25 2.20 

Maturity 1.05 3.10 2.05 

In the case-1 study, although the strategy is more mature than other dimensions, the 
low awareness and readiness of HR impact the organization’s digital transformation pro-
cess. Worker engagement, motivation and participation in strategic change in an organi-
zation are the keys to DX’s success [36]. The next cross-case maturity gap is the Culture 
dimension. Organizations that adopt technology have not achieved the expected success 
of Digital Transformation [67,78]. Technology cannot provide meaningful benefits if the 
organizational culture is not yet confident. Therefore, the readiness to accept and use tech-
nology is low [42]. Culture can be both an obstacle and a reinforcement of DX’s success. 
Cultural maturity is characterized by the willingness of employees to change and com-
municate openly in increasing knowledge, which in turn makes it easier for the organiza-
tion to reach a level of maturity. 

6. Conclusions 
This study involved 44 maturity models, all of which had not fully met the specified 

maturity model criteria [1,38,58]. These models were applied in all sectors, published in 
scientific papers as an indicator of an academic approach, described the supporting com-
ponents of maturity analysis and were easy to implement with the availability of tools. 
There was no MM with a comprehensive approach that applies in all sectors. Addition-
ally, many of the existing models had not provided complete details about the model for 
the application or provided an action plan to allow for increased maturity stages. To fill 
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the gap, this study proposed DX-SAMM with a holistic approach that applies to all sec-
tors. A comparative analysis of existing maturity models was carried out to ensure that 
the proposed domains could be used in all sectors. The Extended Framework of Digital 
Maturity was presented with seven dimensions and 20 contents. The proposed dimen-
sions have met the criteria of 40% of the use of dimensions from all existing MMs [5], 
namely, Organization Structure, Technology, Strategy, Employee, Customer, Transfor-
mation process and Culture. Assessment at the maturity level is based on established as-
sessment references, namely, ISO/IEC assessment or SPICE. Supporting descriptions, ma-
turity analysis and assessment calculations based on ISO/IEC assessment standards (PA, 
LA, FA, NA) were presented in detail. The application method applied to DX-SAMM was 
self-assessment with a product design in the form of an assessment device. In this paper, 
a textual and functioning description was presented through the calculation of the assess-
ment and classification of maturity levels. The implementation of DX-SAMM was verified 
by two different case studies of the organization. The assessment results showed that DX-
SAMM could identify the organization’s level of maturity while providing a reference for 
opportunities to increase the level of maturity. Case Studies in educational organizations 
recognized the importance of digital engagement and human resource readiness to trans-
form. Culture was the biggest challenge for change in organizations. Meanwhile, the 
“Ride-Hailing” case study has been at the level of maturity and understands that DX is an 
endless process capable of maintaining continuous improvement. This research makes a 
scientific contribution by filling the gaps in measuring digital maturity, which accommo-
dates various dimensions of supporting digital transformation as a whole [1,5] and can be 
easily accessed by users [38]. Previous maturity models varied; they are not always as 
easily accessible, involve payments or have third-party mentoring. Measuring the ma-
turity level of implementing Digital Transformation requires organizations to know the 
level of transformation as a guide for future strategy development. Therefore, the contri-
bution of further research is to provide practical implications for increasing maturity lev-
els as well as easing monitoring and evaluating digital maturity in real time. By knowing 
the current level of digital maturity, organizations can formulate the right strategy to 
adapt and transform to all changes, particularly digital transformation. The accuracy of 
the organization in adapting and responding to changes helps the sustainability of the 
organization, even making it possible to obtain potential opportunities [18–20]. In addi-
tion, organizations can avoid disruptive impacts and risks due to delays in the adaptation 
to digital transformation [6,10–12]. The measurement of digital maturity produced in this 
study has general characteristics that can be utilized to identify digital transformation 
achievements. 

Although this research makes many scientific and practical contributions and fills a 
research gap in digital maturity measurement, it has several limitations. The limitations 
of this research are the limitations of the case study. The case studies in this study are only 
two different sectors. A comparison of the implementation of digital maturity measure-
ments in several different sectors and the same sectors is needed to increase the validity 
of measurements in the future. 

In addition, as is characteristic of maturity measurement models in general, detailed 
and in-depth adjustments for each sector need attention. This is due to differences in the 
specific characteristics of each sector. The addition of literature by involving a wider range 
of reference sources can add a wealth of insights regarding digital transformation, which 
will continue to develop in the future. 

Author Contributions: Conceptualization, T.H. and A.P.S.; methodology, N.A.R.; validation, T.H., 
N.A.R. and A.P.S.; writing—original draft preparation, T.H.; writing—review and editing, T.H.; vis-
ualization, N.A.R.; supervision, N.A.R. and A.P.S.; project administration, T.H.; funding acquisition, 
N.A.R. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by Institut Teknologi Sepuluh Nopember Surabaya (ITS) with 
Grant Number: 996/PKS/ITS/2022, and the APC was funded by ITS. 



Big Data Cogn. Comput. 2023, 7, 17 25 of 28 
 

Data Availability Statement: Not applicable. 

Acknowledgments: The authors would like to thank Institut Teknologi Sepuluh Nopember for the 
funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Gökalp, E.; Martinez, V. Digital transformation capability maturity model enabling the assessment of industrial manufacturers. 

Comput. Ind. 2021, 132, 103522. https://doi.org/10.1016/j.compind.2021.103522. 
2. World Economic forum. World Economic Forum. 2021. Available online: http://reports.weforum.org/ (accessed on 12 December 

2021). 
3. The Everyday Bank A New Vision for the Digital Age. Available online: https://www.accen-

ture.com/t20160203T003336__w__/us-en/_acnmedia/Accenture/Conversion-Assets/DotCom/Documents/Global/PDF/Digi-
tal_2/Accenture-Everyday-Bank-New-Vision-For-Digital-Age.pdf (accessed on 15 November 2022). 

4. Bughin, J.; Van Zeebroeck, N. The best response to digital disruption. MIT Sloan Manag. Rev. 2017, 58, 80–86. 
https://doi.org/10.7551/mitpress/11859.003.0010. 

5. Bumann, J.; Peter, M. Action fields of digital transformation—A review and comparative analysis of digital transformation 
maturity models and frameworks. Digit.  Innov. Im Manag. 2019, 2, 13–40. 

6. Verhoef, P.C.; Broekhuizen, T.; Bart, Y.; Bhattacharya, A.; Dong, J.Q.; Fabian, N.; Haenlein, M. Digital transformation: A multi-
disciplinary reflection and research agenda. J. Bus. Res. 2021, 122, 889–901. https://doi.org/10.1016/j.jbusres.2019.09.022. 

7. Google, Temasek, and Bain & Company. E-Conomy SEA 2019 Swipe up and to the Right: Southeast Asia’s $100 Billion Internet 
Economy; Bain & Company: Singapore 2019. 

8. Nikkei Asian Review. Internet Economy to Be Worth $240bn in Southeast Asia by 2025. 2018. Available online: https://asia.nik-
kei.com/Business/Business-trends/Internet-economy-to-be-worth-240bn-in-Southeast-Asia-by-2025 (accessed on 15 November 
2022). 

9. Tirachini, A. Ride-hailing, travel behaviour and sustainable mobility: An international review. Transportation 2020, 47, 2011–
2047. https://doi.org/10.1007/s11116-019-10070-2. 

10. Agag, G.; El-Masry, A.A. Why Do Consumers Trust Online Travel Websites? Drivers and Outcomes of Consumer Trust toward 
Online Travel Websites. J. Travel Res. 2017, 56, 347–369. https://doi.org/10.1177/0047287516643185. 

11. Eka, R. Layanan Digital Berhasil Mengubah Kebiasaan Masyarakat di Asia Tenggara, DailySocial. 2019. Available online: 
https://dailysocial.id/post/layanan-digital-berhasil-mengubah-kebiasaan-masyarakat-di-asia-tenggara (accessed on 8 April 
2020). 

12. Martin-Fuentes, E.; Mellinas, J.P.; Parra-Lopez, E. Online travel review rating scales and effects on hotel scoring and competi-
tiveness. Tour. Rev. 2020, 76, 654–668. https://doi.org/10.1108/tr-01-2019-0024. 

13. Teng, S.; Khong, K.W. Examining actual consumer usage of E-wallet: A case study of big data analytics. Comput. Hum. Behav. 
2021, 121, 106778. https://doi.org/10.1016/j.chb.2021.106778. 

14. Yang, M.; Mamun, A.; Mohiuddin, M.; Nawi, N.; Zainol, N. Cashless Transactions: A Study on Intention and Adoption of e-
Wallets. Sustainability 2021, 13, 831. https://doi.org/10.3390/su13020831. 

15. Bigcommerce.com. How the Generations Shop Online. 2019. Available online: https://www.bigcommerce.com/blog/ecom-
merce-trends/#96-data-points-on-the-state-of-ecommerce-around-the-world%0D (accessed on 15 November 2022). 

16. Massimo, R. The Third Digital DivideA Weberian Approach to Digital Inequalities. 2017. Available online: 
www.routledge.com/series/SE0511 (accessed on 15 November 2022). 

17. Van Deursen, A.J.; Van Dijk, J.A. The first-level digital divide shifts from inequalities in physical access to inequalities in mate-
rial access. New Media Soc. 2019, 21, 354–375. https://doi.org/10.1177/1461444818797082. 

18. Gimpel, H.; Hosseini, S.; Huber, R.; Probst, L.; Röglinger, M.; Faisst, U. Structuring Digital Transformation : A Framework of 
Action Fields and its Application at ZEISS. J. Inf. Technol. Theory Appl. 2018, 19, 3. 

19. Horlacher, A.; Hess, T. What Does a Chief Digital Officer Do? Managerial Tasks and Roles of a New C-Level Position in the 
Context of Digital Transformation. In Proceedings of the Annual Hawaii International Conference on System Sciences, Koloa, 
HI, USA, 5–8 January 2016; pp. 5126–5135. https://doi.org/10.1109/hicss.2016.634. 

20. Ginsberg, J.; Mohebbi, M.H.; Patel, R.S.; Brammer, L.; Smolinski, M.S.; Brilliant, L. Detecting influenza epidemics using search 
engine query data. Nature 2009, 457, 1012–1014. https://doi.org/10.1038/nature07634. 

21. Akdil, K.Y.; Ustundag, A.; Cevikcan, E. Maturity and Readiness Model for Industry 4.0 Strategy. Springer Series in Advanced 
Manufacturing. 2017; pp. 61–94. Available online: https://link.springer.com/chapter/10.1007%2F978-3-319-57870-5_4 (accessed 
on 15 November 2022). 

22. Schumacher, A.; Erol, S.; Sihn, W. A maturity approach for assessing Industry 4.0 readiness and maturity of manufacturing 
enterprises. Procedia Cirp 2016, 52, 161–166. 

23. Hess, T.; Matt, C.; Benlian, A.; Wiesböck, F. Options for Formulating a Digital Transformation Strategy. MIS Q. Exec. 2016, 15, 
123–139. 

24. Hyvönen, J. Strategic leading of digital transformation in large established companies—A multiple case-study. J. Mark. 2018, 
44, 97+1. 



Big Data Cogn. Comput. 2023, 7, 17 26 of 28 
 

25. Ismail, M.H.; Khater, M.; Zaki, M. Digital Business Transformation and Strategy: What Do We Know So Far? Manuf. Artic. 2017, 
10, 1–35. https://doi.org/10.13140/RG.2.2.36492.62086. 

26. Vaska, S.; Massaro, M.; Bagarotto, E.M.; Mas, F.D. The Digital Transformation of Business Model Innovation: A Structured 
Literature Review. Front. Psychol. 2021, 11, 1–11. https://doi.org/10.3389/fpsyg.2020.539363. 

27. Agarwal, N.; Brem, A. Strategic business transformation through technology convergence: Implications from General Electric’s 
industrial internet initiative. Int. J. Technol. Manag. 2015, 67, 196. https://doi.org/10.1504/ijtm.2015.068224. 

28. Chowdhury, E.K. Transformation of Business Model through Blockchain Technology. J. Account. 2019, 47, 4–9. 
29. Costigan, S.S. Isaac Sacolick: Driving Digital: The Leader’s Guide to Business Transformation Through Technology. Publ. Res. 

Q. 2018, 34, 310–311. https://doi.org/10.1007/s12109-018-9578-z. 
30. Vial, G. Understanding digital transformation: A review and a research agenda. J. Strateg. Inf. Syst. 2019, 28, 118–144. 

https://doi.org/10.1016/j.jsis.2019.01.003. 
31. Karimi, J.; Walter, Z. The Role of Dynamic Capabilities in Responding to Digital Disruption: A Factor-Based Study of the News-

paper Industry. J. Manag. Inf. Syst. 2015, 32, 39–81. https://doi.org/10.1080/07421222.2015.1029380. 
32. Topornin, N.; Pyatkina, D.; Bokov, Y. Government regulation of the Internet as instrument of digital protectionism in case of 

developing countries. J. Inf. Sci. 2021. https://doi.org/10.1177/01655515211014142. 
33. Peter, M.K.; Kraft, C.; Lindeque, J. Strategic action fields of digital transformation. J. Strat. Manag. 2020, 13, 160–180. 

https://doi.org/10.1108/jsma-05-2019-0070. 
34. Neff, A.A.; Hamel, F.; Herz, T.P.; Uebernickel, F.; Brenner, W.; Brocke, J.V. Developing a maturity model for service systems in 

heavy equipment manufacturing enterprises. Inf. Manag. 2014, 51, 895–911. https://doi.org/10.1016/j.im.2014.05.001. 
35. Newman, M. Digital Maturity Model (DMM). 2020. Available online: Tmforum.org (accessed on 15 November 2022). 
36. Aslanova, I.V.; Kulichkina, A.I. Digital Maturity: Definition and Model. 2020. Available online: https://sloanreview.mit.edu (ac-

cessed on 15 November 2022). 
37. Anderson, C.; William, E. Digital Maturity Model Achieving Digital Maturity to Drive Growth; Deloitte.digital: New York, NY, USA 

2018. 
38. Maier, A.M.; Moultrie, J.; Clarkson, P.J. Assessing Organizational Capabilities: Reviewing and Guiding the Development of 

Maturity Grids. IEEE Trans. Eng. Manag. 2012, 59, 138–159. https://doi.org/10.1109/tem.2010.2077289. 
39. Teichert, R. Digital Transformation Maturity: A Systematic Review of Literature. Acta Univ. Agric. et Silvic. Mendel. Brun. 2019, 

67, 1673–1687. https://doi.org/10.11118/actaun201967061673. 
40. Daniel, S.; Christopher, A.W.; Luke, B. DIGITAL TRANSFORMATION OF BUSINESS MODELS—BEST PRACTICE, ENA-

BLERS, AND ROADMAP. Int. J. Innov. Manag. 2017, 21, 1740014. https://doi.org/10.1142/s136391961740014x. 
41. Wischnevsky, J.D.; Damanpour, F. Organizational transformation and performance: An examination of three perspectives. J. 

Manag. Issues 2006, 18, 104–128. 
42. Berghaus, S. Back, A.; Kaltenrieder, B. Digital Maturity & Transformation Report 2017; University of St. Gallen: St. Gallen, Swit-

zerland, 2017. 
43. MCKinsey. Unlocking Indonesia’s DIGITAL Opportunity; McKinsey: Sydney, Australia, 2016. 
44. Dorner, K.; Edlman, D. What ‘Digital’ Really Means McKinsey; McKinsey Digital: Boston, MA, USA, 2015. 
45. de la Boutetière, H.; Montagner, A.; Reich, A. Unlocking Success in Digital Transformations; McKinsey Co.: Seoul, Korea, 2018. 
46. Henriette, I.; Feki, E.; Boughzala, M. Digital transformation challenges. Text. Netw. 2016, 33, 2–7. 
47. Kagermann, H. Change Through Digitization—Value Creation in the Age of Industry 4.0; Albach, H., Meffert, H., Pinkwart, A., 

Reichwald, R., Eds.; SpringerGabler: Berlin, Germany 2015. 
48. Nikkhou, S.; Taghizadeh, K.; Hajiyakhchali, S. Designing a Portfolio Management Maturity Model (Elena). Procedia Soc. Behav. 

Sci. 2016, 226, 318–325. https://doi.org/10.1016/j.sbspro.2016.06.194. 
49. Proença, D.; Borbinha, J. Maturity Models for Information Systems—A State of the Art. Procedia Comput. Sci. 2016, 100, 1042–

1049. https://doi.org/10.1016/j.procs.2016.09.279. 
50. Tabrizi, B.; Lam, E.; Girard, K.; Irvin, V. Digital Transformation Is Not About Technology. Harv. Bus. Rev. 2019, 13, 1–6. 
51. Schumacher, A.; Nemeth, T.; Sihn, W. Roadmapping towards industrial digitalization based on an Industry 4.0 maturity model 

for manufacturing enterprises. Procedia CIRP 2019, 79, 409–414. https://doi.org/10.1016/j.procir.2019.02.110. 
52. Shahiduzzaman, M.; Kowalkiewicz, M.; Barett, R.; McNaughton, M. Digital Business: Towards a Value-Centric Maturity Model. 

PWC Rep. Chair Digit. Econ. 2017. 
53. Chanias, S.; Hess, T. How Digital Are We? Maturity Models for the Assessment of a Company’s Status in the Digital Transformation; 

LMU Munich: München, Germany, 2016. 
54. Backlund, F.; Chronéer, D.; Sundqvist, E. Project Management Maturity Models—A Critical Review. Procedia Soc. Behav. Sci. 

2014, 119, 837–846. https://doi.org/10.1016/j.sbspro.2014.03.094. 
55. Gökalp, E.; Demirörs, O. Model based process assessment for public financial and physical resource management processes. 

Comput. Stand. Interfaces 2017, 54, 186–193. https://doi.org/10.1016/j.csi.2016.11.011. 
56. Automotive, S. Automotive SPICE Process Assessment Model. Final. Release 2010, 4, 46. 
57. Dorn, C.S.; Knüvener, C.L. Building the Bridge Between Automotive SPICE® and Agile Development. In Communications in 

Computer and Information Science; Springer: Berlin/Heidelberg, Germany, 2021; Volume 1442. https://doi.org/10.1007/978-3-030-
85521-5_26. 



Big Data Cogn. Comput. 2023, 7, 17 27 of 28 
 

58. Özcan-Top, Ö.; Demirors, O. Application of a software agility assessment model—AgilityMod in the field. Comput. Stand. Inter-
faces 2018, 62, 1–16. https://doi.org/10.1016/j.csi.2018.07.002. 

59. Röglinger, M.; Pöppelbuß, J.; Becker, J. Maturity models in business process management. Bus. Process. Manag. J. 2012, 18, 328–
346. https://doi.org/10.1108/14637151211225225. 

60. ISO—ISO_IEC 33004_2015—Information Technology—Process Assessment—Requirements for Process Reference, Process As-
sessment and Maturity Models. Available online: https://www.iso.org/standard/54178.html (accessed 15 November 2022). 

61. T.de Bruin, T.; Rosemann, M.; Freeze, R.; Kulkarni, U. Understanding the main phases of developing a maturity assessment 
model. Australas. Conf. Inf. Syst. 2005, 109, 1–11. 

62. Sener, U.; Gökalp, E.; Şener, U.; Eren, P.E. Towards a Maturity Model for Industry 4.0: A Systematic Literature Review and a 
Model Proposal. In Industry 4.0 from the MIS Perspective, 21st ed.; Peterlang: Bern, Switzerland, 2018. Available online: 
https://www.researchgate.net/publication/335652665 (accessed on 15 November 2022). 

63. Becker, J.; Knackstedt, R.; Pöppelbuß, D.-W.I.J. Entwicklung von Reifegradmodellen für das IT-Management. 
Wirtschaftsinformatik 2009, 51, 249–260. https://doi.org/10.1007/s11576-009-0167-9. 

64. Newman, D. Events Are Going Digital: Should Your Company Follow? Forbes. 2020. Available online: 
https://www.forbes.com/sites/danielnewman/2020/04/06/events-are-going-digital-should-your-company-fol-
low/?sh=3f9e6f7c6d8b (accessed on 14 February 2021). 

65. Cresswell, J.W. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches, 4th ed.; Sage Publications: Lincoln, RI, 
USA, 2014. 

66. Hevner, A.R.; March, S.T.; Park, J.; Ram, S. Design Science in Information Systems Research. MIS Q. Manag. Inf. Syst. 2004, 28, 
75–105. 

67. Schuh, G.; Anderl, R.; Dumitrescu, R.; Krüger, A. Acatech STUDY Industrie 4.0 Maturity Index; National Academy of Science and 
Engineering: Berlin, Germany, 2020. 

68. Schuh, G.; Anderl, R.; Gausemeier, J.; Hompel, M.T.; Wahlster, W. Acatech STUDY Industrie 4.0 Maturity Index Managing the 
Digital Transformation of Companies; National Academy of Science and Engineering: Berlin, Germany, 2018. 

69. Remane, G.; Hanelt, A.; Nickerson, R.C.; Kolbe, L.M. Discovering digital business models in traditional industries. J. Bus. Strat. 
2017, 38, 41–51. https://doi.org/10.1108/jbs-10-2016-0127. 

70. Massimo, R. Theorizing Digital Divides; Routledge: London, UK, 2017. https://doi.org/10.4324/9781315455334. 
71. Van Dijk, J.A. The Deepening Divide: Inequality in the Information Society; SAGE Publications Ltd.: Sauzend Oaks, CA, USA, 2005. 
72. Williams, P.A.; Lovelock, B.; Cabarrus, T.; Harvey, M. Improving Digital Hospital Transformation: Development of an Out-

comes-Based Infrastructure Maturity Assessment Framework. JMIR Public Health Surveill. 2019, 7, e12465. 
https://doi.org/10.2196/12465. 

73. Friedrich, R.; Le Merle, M.; Gröne, F.; Koster, A. Leaders and Laggards in the Digital Economy Measuring Industry Digitization. 
2011. Available online: https://www.strategyand.pwc.com/gx/en/insights/2002-2013/measuring-industry-digitization/strate-
gyand-measuring-industry-digitization-leaders-laggards-digital-economy.pdf (accessed on 12 July 2022). 

74. Mittal, S., Romero, D. and Wuest, T. Towards a smart manufacturing maturity model for SMEs (SM3E). In IFIP Advances in 
Information and Communication Technology; Springer: Berlin, Germany, 2018. 

75. Bandara, O.; Vidanagamachchi, K.; Wickramarachchi, R. A model for assessing maturity of industry 4.0 in the banking sector. 
In Proceedings of the International Conference on Industrial Engineering and Operations Management, Bangkok, Thailand, 5–
7 March 2019; Volume 2019. 

76. Ganzarain, J.; Errasti, N. Three stage maturity model in SME’s toward industry 4.0. J. Ind. Eng. Manag. 2016, 9, 1119. 
https://doi.org/10.3926/jiem.2073. 

77. Berger, R. The Digital Transformation of Industry Strategy Consultants; BDI Bundesverband der Deutschen Industrie, E.V.: Berlin, 
Germany 2015. 

78. Asdecker, B.; Felch, V. Development of an Industry 4.0 maturity model for the delivery process in supply chains. J. Model. 
Manag. 2018, 13, 840–883. https://doi.org/10.1108/jm2-03-2018-0042. 

79. Mettler, T. Thinking in Terms of Design Decisions When Developing Maturity Models. Int. J. Strat. Decis. Sci. 2010, 1, 76–87. 
https://doi.org/10.4018/jsds.2010100105. 

80. St Gallen, U. A Design Science Research Perspective on Maturity Models in Information Systems; Universität St. Gallen: St. Gallen, 
Switzerland, 2009. 

81. Open ROADS Community. The Open Digital Maturity Model at Open ROADS; Open ROADS Community: Hertfordshire, UK, 
2016. 

82. Valdez-De-Leon, O. A Digital Maturity Model for Telecommunications Service Providers. Technol. Innov. Manag. Rev. 2016, 6, 
19–32. https://doi.org/10.22215/timreview/1008. 

83. Sjödin, D.R.; Parida, V.; Leksell, M.; Petrovic, A. Smart Factory Implementation and Process Innovation: A Preliminary Maturity 
Model for Leveraging Digitalization in Manufacturing. Res. Technol. Manag. 2018, 61, 22–31. 

84. Gunsberg, D.; Callow, B.; Ryan, B.; Suthers, J.; Baker, P.A.; Richardson, J. Applying an organisational agility maturity model. J. 
Organ. Chang. Manag. 2018, 31, 1315–1343. https://doi.org/10.1108/jocm-10-2017-0398. 

. 



Big Data Cogn. Comput. 2023, 7, 17 28 of 28 
 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


