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ABSTRACT

Digital technologies are considered the main drivers for the transformation of the manufacturing
industry. To effectively navigate this wave of transformation, companies need to understand their
current maturity state regarding implemented technologies and organisational processes across var-
ious functions. However, many organisations struggle to assess their digital status quo. Addressing
this gap, this paper proposes a framework to help manufacturing companies become aware of their
digital maturity level and guide them toward a digitalisation roadmap. The framework consists of
a maturity model, the Digital Readiness Assessment MaturitY (DREAMY), inspired by the Capabil-
ity Maturity Model Integration (CMMI), and a digitalisation roadmap tool. The research follows the
design research methodology, combining a literature review, expert consultations, and validation
through multiple industrial cases to develop, test, and refine the framework. The proposed frame-
work enables companies to assess their current digital maturity, identify strengths and weaknesses,
and discover opportunities for improvement, supporting a conscious transition toward Industry 4.0
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and the forthcoming Industry 5.0 paradigm.

1. Introduction

European Commission and all the world governments
have been paying specific attention to the so-called
Industry 4.0 (I4.0) paradigm since 2011, which promises
to marry the worlds of production (Ivanov et al. 2021;
Ivanov, Dolgui, and Sokolov 2019), assembly (Dolgui,
Sgarbossa, and Simonetto 2022) and network connectiv-
ity (Koh, Orzes, and Jia 2019). The term 14.0 originated
in Germany and is currently labelled also as Smart fac-
tories, Industrial Internet of Things, Smart industry, or
Advanced manufacturing in other countries worldwide
(Davies 2015), up to the most recent term Industry 5.0
(Xu et al. 2021). 14.0 is still high on the political agenda
of the single European Union Member States (e.g. Euro-
pean Commission (2017); Ministero dello Sviluppo Eco-
nomico (2017)), as well as at European Union level (Euro-
pean Commission 2020, 2022). The European Commis-
sion recently indicated and pushed (European) Digital
Innovation Hubs (DIH) as knowledge brokers (Crupi
et al. 2020) able to support both manufacturing com-
pany managers and policy makers to undertake the dig-
ital transformation accessing the multiple digital tech-
nologies benefits through a wide portfolio of services

(i.e. Data, Business, Ecosystem, Skill, Technology) (Sas-
sanelli and Terzi 2022). Indeed, the implementation of
such transformation turns out to be not smooth and free
of hurdles: the digital revolution is being hampered by
a number of boundary obstacles, including constantly
changing client needs, cultural change, and shifting reg-
ulations, protocols, and competences (Hansen, Chris-
tiansen, and Lassen 2024; Hortovanyi et al. 2023; Sas-
sanelli, Taisch, and Terzi 2023). In particular, after many
years of attempts, one of the key challenges is to enhance
companies’ awareness about the added value generated
by the adoption of I4.0 technologies to support manufac-
turing processes (Acerbi et al. 2022; Gokalp and Martinez
2022). Moreover, an additional challenge is reflected in
the need to identify the set of enabling technologies to
be implemented by certain companies according to their
current state and characteristics (Ghobakhloo 2020; Kon-
stantinidis et al. 2023). Indeed, as highlighted by the sur-
vey launched by IoT Analytics (Matthew Wopata 2020),
the limited adoption of 14.0 is similar worldwide posi-
tioning the current adoption of these technologies of
around 30% of manufacturing companies (respectively
36% US, 27% Europe and 20% Asia). These results are
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marked also by local surveys as in the case of the Ohio
survey which recorded 28% of adoption of 14.0 by man-
ufacturers despite the obtainable benefits (The Business
Journal 2023).

Recent studies have also shown that many compa-
nies struggle with digital transformation due to a lack
of awareness and understanding of their current digi-
tal capabilities, as well as the absence of clear guide-
lines for implementing new technologies and processes.
For instance, Gfrerer et al. (2021) argue that organi-
sations often lack a structured approach to evaluating
their digital status, which results in a fragmented view
of their readiness for digital transformation. Similarly,
Mittal et al. (2018) highlight the challenges faced by
small and medium-sized enterprises (SMEs) in adopting
14.0 technologies due to limited resources and exper-
tise, making it difficult for them to develop and execute
comprehensive digital strategies.

The digital transformation, hence, cannot be achieved
in a unique and holistic way at once (Gallego-Garcia,
Groten, and Halstrick 2022). These technologies should
be tailored to the specific business cases and implemented
in a scalable way, starting from where higher benefits lie
for the company (Santos et al. 2017). Companies should
realise first which is their smart manufacturing matu-
rity level to understand their capability to deploy and
then employ smart manufacturing concepts. Once organ-
isations have a clear perspective of their maturity, they
should explore the corporate environment for opportuni-
ties triggered by digital technologies and develop ad hoc
action plans to understand where, how and how much to
invest to start their digital transformation (Gfrerer et al.
2021). For companies to effectively navigate this transfor-
mation, it is essential not only to assess their current state
of digital maturity but also to understand how to strate-
gically plan their digitalisation journey (Luz Tortorella
etal. 2022). To address these challenges, a maturity model
(MM) enabling to assess the manufacturing companies’
digital maturity is required.

Although different models and tools have followed one
another over time, allowing companies to assess their
digital maturity (e.g. Asdecker and Felch 2018; Cafasso
et al. 2020; Chonsawat and Sopadang 2021; Facchini et al.
2020; Mittal et al. 2018; Rauch et al. 2020; Siedler et al.
2021; Wagire et al. 2020), none of them offers a com-
plete and systematised analysis of the digital dimension
along the entire company organisation and processes.
Existing models also provide limited guidance as they
often focus solely on evaluating maturity without offer-
ing a structured approach for planning and executing the
subsequent steps toward digitalisation.

Indeed, these artefacts do not provide a structured
guide on how to encounter the digital transformation

according to specific companies’ current situation, nor
do they focus their attention on companies’ operations.
Either they do not employ a comprehensive view over the
different I4.0 enabling technologies (e.g. Fornasiero et al.
2024 focuses on Artificial Intelligence and Big Data), or
they do not provide a comprehensive but in-depth view
of the entire company since they tend to focus on general
practices (e.g. Hortovanyi et al. 2023) or they majority
tends to cover a specific area or process as following
described. To report some examples, Asdecker and Felch
(2018) focused on the delivery process in supply chains
supported by 4.0 and Facchini et al. (2020) on the logis-
tics process in 14.0. Chonsawat and Sopadang (2021)
and Rauch et al. (2020) developed dedicated models to
support SMEs in assessing their 14.0 maturity. Instead,
Siedler et al. (2021) proposed a model capable of eval-
uating the digital maturity of the product lifecycle in its
different phases. Cafasso et al. (2020), to propose a frame-
work capable of selecting manufacturing simulation soft-
ware in 14.0 environment, analysed the most important
ones using as drivers their main structure and evaluation
tools. Mittal et al. (2018) performed a critical review of
smart manufacturing and I4.0 maturity models, uncov-
ering the main implications for SMEs. However, during
a digital transformation path, all the operations areas
need to be involved and need to be equally taken under
control. It turns out that all the maturity models extant
in literature have specific targets and meticulously focus
their attention on specific elements and facets of manu-
facturing companies’ digital transformation. Indeed, they
do not allow to assess the digital maturity and define a
unique and solid improvement roadmap having under
control all the company’s operations at the same time
and using a single and standard maturity scale (Haryanti,
Rakhmawati, and Subriadi 2023). To address these chal-
lenges, there is a need for a comprehensive framework
that combines a MM with a practical tool for creating a
digitalisation roadmap. Such a framework would enable
manufacturing companies to assess their digital readiness
and, more importantly, to identify tailored strategies and
actions to bridge the gap between their current state and
the desired level of digital maturity.

Based on these considerations, this research aims
to develop and validate a comprehensive framework
that integrates the Digital Readiness Assessment Matu-
ritY (DREAMY) model, which evaluates digital maturity
across multiple dimensions, with a roadmap tool that
provides a structured path for digital transformation.

To achieve this objective, the research was con-
ducted following a multi-step methodology (inspired
by Design Research Methodology (DRM) (Blessing and
Chakrabarti 2009) and Design Science Research (DSR)
(Pefters et al. 2006)) that includes a systematic literature



review, consultations with experts in the field, and valida-
tion through multiple case studies. This mixed-method
approach ensures both the theoretical robustness and the
practical applicability of the proposed framework.

The main contributions of the framework are twofold.
Firstly, the MM (composed of five levels, assessing five
main areas (further divisible) on four analysis dimen-
sions) allows through a questionnaire the assessment of
the current digital maturity of manufacturing compa-
nies and the identification of their strengths and weak-
nesses concerning implemented technologies and organ-
isational processes. Secondly, based on the model results
(radar charts and guidelines), through the digitalisation
roadmap, it enables the identification for companies of
a set of opportunities triggered by the digitalisation, to
overcome their detected weaknesses and better under-
take the I4.0 paradigm transformation following a struc-
tured path. The goal of this research can be reached by
giving a clear answer to the following research question:

RQ1 How to guide manufacturing companies towards
the digitalization process?

To further clarify the scope of the research, the following
sub-research questions (sub-RQs) were formulated:

RQ1.1: What are the critical dimensions that should be
included in a digital maturity model for manufacturing
companies?

RQ1.2: How can a maturity model be effectively inte-
grated into a broader framework to provide a roadmap
for digital transformation?

By addressing these sub-RQs, the research seeks to
develop a holistic framework that supports manufactur-
ing companies in understanding their digital maturity
and in creating a strategic plan for their digitalisation
process.

To demonstrate how the DREAMY framework sup-
ports companies in understanding how to apply the
technological change that 14.0 envisions, its structure is
explained, and the extensive results obtained from its
adoption across the last five years are presented.

The paper is structured as follows. Section 2 shows
how the research has been conducted, explaining how the
model proposed has been developed. Section 3 presents
the results, from the analysis of the literature review
about digital-related maturity models, through the pro-
posed maturity model (DREAMY), up to its validation
and deployment. Section 4 discusses the results obtained.
Finally, Section 6 concludes the paper, clarifying the con-
tributions to knowledge, and to practice and the man-
agerial implications, by also unveiling the research lim-
itations and further developments.
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2. Research methodology

This section aims to describe the research methodology
employed to develop the DREAMY framework, com-
posed by the MM assessing the digital level of manufac-
turing companies and by a tool tracking a digitalisation
roadmap to enhance it. The need of DREAMY is raised
by a specific research gap: so far, none of the MMs extant
in the literature offers a wide and complete analysis of the
digital dimension along the entire company organisation
and processes. They do not provide any structured guide
on how to encounter the digital transformation according
to their current situation, neither they specifically focus
their attention on companies’ operations.

For this reason and to address the need of a specific
audience (i.e. manufacturing companies) (Mettler 2011),
a specific research process of interlinked and sequential
steps typical of MM development (De Bruin et al. 2005)
(i.e. Scope, Design, Populate, Test, Deploy, Maintain) has
been employed. These steps have been combined with
phases (i.e. conceptualisation, development, verification,
validation and application) coming from DRM (Blessing
and Chakrabarti 2009) and DSR (Peffers et al. 2006) (as
reported in Figure 1).

2.1. Model conceptualisation: literature review

The model conceptualisation was performed to initially
define the scope of the MM and set the ground for its
design. This step was performed through a systematic
literature review (Denyer and Tranfield 2009) about the
already existing MMs supporting the digital transfor-
mation, with the intention to understand their peculiar
structures and the content to be included in a com-
prehensive and prescriptive MM. A selected number of
papers was used for this analysis using as database Sco-
pus, that was queried with the following string: TITLE-
ABS-KEY (‘maturity model*” AND ‘manufacturs+’ AND
digital’) obtaining 195 contributions. To this amount,
6 additional contributions were added through cross-
referencing (the so-called snowball effect), 15 by hand
search, and 5 as recommended by experts. The final sam-
ple of selected papers was focused on both industry and
non-industry-specific MMs to ensure generalisability. In
this way, also papers proposing MMs applied to general
domains (like quality management or project manage-
ment) or general processes (like software development
or product development) were selected. Figure 2 shows
the search strategy used to perform the Systematic Liter-
ature Review (Smart et al. 2017). It enabled to select the
sample of the final 55 suitable contributions through the
two screening steps (the first analysing title, keywords,
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Figure 1. Research Methodology (adapted by Acerbi, Sassanelli, and Taisch 2024; De Bruin et al. 2005).
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Quality:
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Figure 2. Systematic literature review search strategy, adapted by Smart et al. (2017).

and abstract, and the second the entire manuscript), accordance also with the research by De Bruin et al.
according to the inclusion criterion (articles proposing (2005):
MM of the digital level in the manufacturing industry).

Reviewing the MMs selected from the literature, three (1) Target scope: the application domain in which the
fundamental drivers of analysis have been identified, in MM has been applied. It highly influences the



structure of the MM, since it impacts the operations-
related areas that have to be considered while assess-
ing the maturity of a company;

(2) Maturity levels (ML): the number and the definition
of ML are basic elements of the structure of MMs;

(3) Dimensions: in most of the analysed models, the
maturity is not computed only as a standalone value,
but it is rather assessed considering different dimen-
sions (or domain components), that must be consid-
ered when structuring an MM.

2.2. Model development

Once the model conceptualisation was finalised, the sec-
ond phase of the process (‘model development’) was
undertaken, grounded on the elements coming from the
conceptualisation phase and allowing to set both the
design and the populate steps. More specifically, follow-
ing the requirements defined by De Bruin et al. (2005), in
the design step, the model characteristics have to meet the
audience needs by justifying why the stakeholders should
implement it, how the model can be applied, who needs to
be involved for its application and what can be achieved
thanks to its application. Thanks to the results coming
from the conceptualisation, it was possible to clarify that
the target stakeholders of the model are manufactur-
ing companies (who), who can apply the model through
face-to-face interviews (how) and could benefit from the
model application since they can understand their cur-
rent digital maturity to undertake further improvement
actions (why). Regarding the populate step, it is needed
to clarify what is the object of the model measurement
(areas and sub-areas) and how the model is applied (De
Bruin et al. 2005). The areas and related sub-areas of anal-
ysis have been developed involving around 25 industrial
and consultancy practitioners through three workshops
(each lasting 3 h) organised by the Osservatorio Industria
4.0 of Politecnico di Milano and then refined by three 20-
year Italian academic experts in the domains of Product
Lifecycle Management, Maintenance and Asset Manage-
ment, and Operations Management (through dedicated
interviews of around 4 h each).

2.3. Model verification and validation

The model verification and validation phases take place
with the test step defined by (De Bruin et al. 2005). First,
the model verification was conducted through a series
of 6 three-hour periodic workshops held with a total
of 50 digital transformation experts of the Osservatorio
Industria 4.0 of Politecnico di Milano. Indeed, although
operating for the university, they daily interact with man-
ufacturing companies understanding their specific needs.
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In this way, it was possible to go through the entire draft
of the MM questionnaire and evaluate with them its
completeness and accuracy.

As described in Table 1, once the questionnaire had
been verified in the test case, the MM was applied to
three industrial cases. The drivers which led to the selec-
tion of the companies for the validation phase were: their
geographical position and their production strategy. In
detail, the companies chosen for the application of the
model and of the related methodology were Italian man-
ufacturing companies (for an accessibility matter, it was
decided to apply this model to manufacturing companies
working in the Italian territory), and adopting different
production strategies (i.e. Engineering to Order (ETO),
Assembly to Order (ATO), Make to Stock (MTS), etc.).
This decision was made, to test the extent to which the
model is ‘generalisable’, applying it to different types of
companies, and to obtain results from a heterogeneous
sample of companies In Table 1, the main characteris-
tics (i.e. industry, type of products delivered, production
strategy, business strategy, type of customers) of the three
selected companies are presented.

Once the model had been applied, the stakeholders
involved in the three industrial application cases were
asked to evaluate the results’ rigour, effectiveness, sig-
nificance, and completeness. A dedicated workshop was
organised involving the companies’ board and their areas
managers (e.g. design, production, maintenance, quality,
Information Technology (IT)) to address the validation
phase.

Finally, these results, together with the MM proto-
type, were verified through a last workshop held with
academic experts (with previous experience in build-
ing a MM) to ensure that the best practices proposed
through the DREAMY would be meaningful, standard-
ised, and reliable. The workshop was organised in the
National Institute of Standards and Technology (NIST)
in Gaithersburg (USA), also to ensure to be not limited
to the Italian territory only.

The workshop was built based on the following crite-
ria:

e multiple viewpoints on Smart Manufacturing Sys-
tems Characterisation (SMSC), relying on the needs
of manufacturers (for an assessment of their digi-
tal maturity) and the capabilities provided by Smart
Manufacturing (SM) concepts, technologies, and stan-
dards;

e an operational view of standards and technologies,
driven by the SMSC as a mechanism to prioritise their
usages;

e the combined use of scientific knowledge and state of
practices on MMs, methods and/or standards as they
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Table 1. Practical validation - selected companies.

Test case Case A Case B Case C
Industry Assembly machines producer Food Mechanical engineering Electric power
Type of products delivered Assembly machines Confectionary products Transmitters and transducers Transformer
Production strategy ETO MTS Mainly ATO ETO
Business strategy Innovation Differentiation Innovation Innovation

Type of customers International

International

International International

are currently applied in manufacturing, to enable shar-
ing criteria and principles for SMSC, with the final
aim to envision a framework and a roadmap for future
developments;

e non-Italian participants in the workshop.

During the workshop, DREAMY was discussed and
compared with two international models proposed by
the participants of the focus group: Smart Manufactur-
ing System Readiness Level (SMSRL) and Manufactur-
ing Operations Management (MOM)/Capability Matu-
rity Model (CMM) (De Carolis et al. 2017). The SMSRL
is an index that measures a manufacturing company’s
readiness for employing smart manufacturing concepts
with the assumption that smart manufacturing is essen-
tially the intensive use of information and communica-
tion technologies to improve manufacturing system per-
formance (Jung et al. 2016). The MOM/CMM created
by the Manufacturing Enterprise Systems Association
(MESA) aims to evaluate the maturity of manufactur-
ing enterprises” facilities (De Carolis et al. 2017). The
objective is to determine the policy, procedure, and exe-
cution of a manufacturing operation management to be
organised, robust, and repeatable.

2.4. Model deployment and maintenance

The model application took place through a series of
industrial cases in which the model was deployed as
required by the steps defined by De Bruin et al. (2005).
Specifically, the model has been applied to companies
belonging to the following manufacturing industries:
food, drink, and tobacco, pharmaceutical and chemi-
cal, construction materials, metals, motor vehicles and
other transportation means, furniture and wood, glass,
paper and printing, rubber and plastic, electromechan-
ical, machinery and equipment, electronics, electrical
and optical, petrochemical and coal, textile, clothing and
leather, other manufacturing industries.

In sub-section 4.2, only aggregate results, coming from
the extensive application of the model to companies
belonging to the industries cited above (around 250 com-
panies in 5 years), are reported, and the final output of
one single application of the DREAMY to a single case
is described (although in summary for sake of brevity).

The industrial case, selected to show the final output,
operates in Italy and manufactures panels for civil, indus-
trial, and modular construction industry. It is a medium
size company willing to expand its business through the
acquisition of a supplier. Therefore, they decided to apply
DREAMY to assess their current digital ML with the aim
to evaluate whether it would be possible to use their cur-
rent systems and practices at group level before acquiring
new assets to be integrated in their systems.

3. Results

In this section, the results of the research conducted to
develop the DREAMY, the MM for manufacturing com-
panies in the digital domain, are presented. First, the
results coming from the analysis of the extant literature
about the MMs for digital manufacturing are provided.
Second, the DREAMY model itself is presented, detail-
ing its structure and the related questionnaire (developed
during the design and scope steps). Then, in Section 4,
the model validation (consisting of testing, deployment,
and maintenance steps) is presented, also nurturing the
discussion of the results obtained.

3.1. Model conceptualisation phase

Developing an MM requires first defining the mean-
ing of the term maturity. According to Maier, Moultrie,
and Clarkson (2012), maturity is the process of bringing
something to a state of full growth. Therefore, maturity
implies evolutionary progress from an initial to a desired
or normally occurring end-stage (Mettler and Rohner
2009). This definition, which stresses the process toward
maturity, introduces another important concept, which
is the one of ‘stages of growth’ or maturity levels. Before
reaching a state of full growth, an entity (an organisa-
tion as well as a human being) has to encounter differ-
ent stages of growth or MLs. In particular, according to
Gottschalk (2009) the stages that an organisation passes
through have three main distinctive elements: (i) they are
sequential in nature; (ii) they occur in a hierarchical pro-
gression that is not easily reversible; (iii) they evolve a
broad range of organisational activities and structures.
In accordance with this concept of stages of growth,
Fraser, Moultrie, and Gregory (2002) stated that, altho



ugh several different types of MMs have been proposed
in the literature, they share some common proprieties,
which are:

e MLs typically from three to six,

e a descriptor for each level, which gives a meaningful
name to each level,

e adescription of the characteristics of each level,

e anumber of analysis dimensions,

e a number of elements or activities to be assessed
through the analysis dimensions.

Among the most diffused models, it is worth mention-
ing CMM family, aiming to identify the best practices for
specific processes and to measure the maturity of organ-
isations in terms of the extent to which these practices
are implemented (Maier, Moultrie, and Clarkson 2012).
They are composed of operations-related areas organised
by common features, which specify a set of key prac-
tices to address a series of goals. Typically, the CMMs
exploit Likert questionnaires to assess the maturity. These
models have been improved successively by the Capa-
bility Maturity Model Integration (CMMI) (Team 2002).
Indeed, after the advent of the first MMs, their applica-
tion field started to expand from project management
to business process management, to many other areas.
Although the IT/software development remained the
most popular application field of MMs, many other com-
mon application fields have been identified.

The MM presented in this contribution is inspired to
the structure of CMMI. Indeed, in contrast to the CMM
built for software development, the purpose of CMMI
is to provide guidance for improving organisations’ pro-
cesses and their ability to manage the development,
acquisition, and maintenance of products or services in
general (Team 2002). Regarding the formalisation of this
model, the Staged representation, thus based on five levels
of maturity (Levell: performed; Level2: managed; Level3:
defined; Level4: quantitatively managed; Level5: optimis-
ing), has been chosen to measure the organisation’s over-
all ML, since most of the already developed models are
based on this formalisation as emerged from the extant
literature (see section 3.1).

Moreover, three application-specific purposes can be
identified for CMM family MMs: descriptive, prescrip-
tive and comparative (as anticipated in the methodology
section) (De Bruin et al. 2005; Garcia-Mireles, Moraga,
and Garcia 2012; Maier, Moultrie, and Clarkson 2012;
Poppelbufs and Roglinger 2011).

According to Mettler (2011), the concept of matu-
rity combines state descriptions (represented by the
MLs) with a number of key practices (represented by
the improvement activities) to address a series of goals.
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DREAMY relies exactly on this definition. It is a prescrip-
tive model indicating how to approach maturity improve-
ments to positively affect business value (i.e. enabling the
development of a roadmap for improvement). This MM
avoids limiting the attention on a mere description of the
current state (descriptive purposes MMs) or on a com-
parison between similar entities (comparative purposes
MMs) (De Bruin et al. 2005; Garcia-Mireles, Moraga, and
Garcia 2012; Maier, Moultrie, and Clarkson 2012; Pop-
pelbufl and Réglinger 2011). Instead, it provides struc-
tured guidelines towards digital improvements relying on
the knowledge and awareness about the current digital
level of the company under assessment.

3.1.1. Model target scope and maturity levels
definition

To define the main characteristics and contributions
to both knowledge and practice of the model, a liter-
ature review of digital manufacturing MMs has been
conducted. Therefore, in the following list, the digital-
oriented MMs, selected among those already existing in
the literature, are reported:

e Product Development. Within product development,
MDMs aim to assess the state of practices used in devel-
oping a new product (Rossi and Terzi 2017). The
objective of some of them is to measure the maturity
of Concurrent Engineering (Karandikar et al. 1993).
Others, instead, aim to understand companies’ capa-
bility to implement lean techniques (Sopelana et al.
2012) or create a proper product roadmap (Miinch,
Trieflinger, and Lang 2019) or consider eco-design
when developing a new product (Pigosso, Rozenfeld,
and McAloone 2013).

e Software development/maintenance. Some of the
MDMs aim to assess the capabilities of sub-processes
within the software development. Indeed, some mod-
els investigate how mature is either the testing phase,
the documentation process, the requirement engi-
neering process, the quality assurance process or
the project management while developing a software
(Ahmed and Capretz 2011; Burnstein, Suwanassart,
and Carlson 1996; Cuevas, Serrano, and Serrano 2004;
Ericson, Subotic, and Ursing 1997; Fauzi and Ramli
2007; Patel and Ramachandran 2009; Silva et al. 2014;
Visconti and Cook 2004). On the other hand, models
like (April et al. 2005) aim at measuring how much is
the company’s maturity in maintaining software.

e IT. Since IT systems have become key elements for
organisations, MMs have been used to understand
how IT is being managed within the company and how
much the strategic alignment is between these systems
and the other company’s business functions (Bekkers
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and Spruit 2010; Isaev, Korovkina, and Tabakova 2018;
IT Governance Institute 2007; Luftman 2003; Tapia
et al. 2008). In addition, other MMs’ objective is to
measure the ‘security’ of its IT system or the capability
of a company to perform digital investigation (Kerri-
gan 2013; Mayer and Lemes Fagundes 2009; Stambul
and Razali 2011). On the other hand, Curry and Don-
nellan (2012) aim at understanding the level of sus-
tainability of an organisation’s ICT systems. Regarding
the data warehouse systems, MMs have been applied
on the one hand to assess the maturity of such sys-
tems to share data at a certain level of data integration
and, on the other hand, to understand the ability of the
company to develop such systems (Olama et al. 2014;
Spruit and Sacu 2015).

Project Management. Some MMs are developed to
assess the maturity of project management within the
company since the strong impact of this area on finan-
cial and organisation performances has been recog-
nised (Kwak and William 2000; Philbin and Kennedy
2014). Other MMs have been applied to the assess-
ment of the level of sustainability into project manage-
ment (Siew, Balatbat, and Carmichael 2016).

Business Process Management. Business process man-
agement is seen as an organisational management
practice, based on a process architecture which cap-
tures the interconnection between the key business
processes and the enabling support processes and their
alignment with the strategies, goals and policies of an
organisation. In this manner, business process man-
agement MMs aim at measuring the maturity of this
practice since some authors see it as the number one
priority for a company (De Bruin et al. 2005; Rohloff
2009).

Product Lifecycle Management. Within this field,
MDMs aim to measure the maturity of a company in
managing products across their entire lifecycle, from
their first concept stages to their disposal or recycling
phase (Batenburg, Helms, and Versendaal 2006).
Data/Information/Knowledge Management. Knowl-
edge management helps companies to identify and
leverage their collective knowledge. In this way, MMs
within this field aim to understand the ML of informa-
tion/knowledge management (Bagkarada, Koronios,
and Gao 2007). On the other hand, MMs applied to
data management help companies understand the ML
of the quality of information and (Portner, Moske,
and Riel 2022; Zitoun et al. 2021). Other MMs can
be also focused on data privacy issues as proposed by
(Yaqgiong et al. 2020).

Collaboration process. Within the field of collabora-
tion process, MMs aim to measure the ML of col-
laboration and interoperability practices (Boughzala

and de Vreede 2015; Santanen, Kolfschoten, and Golla
2006; Santos et al. 2008) and to assess the maturity of
the related sub-processes like the collaboration engi-
neering (which comprehends practices for the design
and deployment of the collaboration process).

Supply chain management. MMs, applied within this
field, have been developed in order to assess the matu-
rity of supply chain operations (Garcia, Pacheco, and
Sumano 2008; Netland and Alfnes 2011).

Risk management. Within the risk management field,
MDMs have been developed to assess the capability of
a company to analyse, assess, treat, communicate and
monitor risks (Ren and Yeo 2004).

Innovation management. Some MMs tackle the issue
of innovation management within companies. Indeed,
the aim of this models is to assess the innovation capa-
bilities (i.e. the capabilities to generate innovative out-
puts), as in some cases it is considered to strengthen
organisations’ performance and to improve their flex-
ibility and efficiency (Essmann and Preez 2009; Plan-
view 2013; Teah, Pee, and KANKANHALLi 2006;
Zhang et al. 2013).

‘Support’ processes. Other MMs have been applied to,
as indicated here, the ‘support’ processes, which are
the non-principal processes to operating business of
companies. Examples are MMs applied to assess the
organisation’s capability to manage energy and utili-
ties (Ngai et al. 2013) to reduce energy consumption
and emissions (Qiang and Jiang 2009) to manage real
estates (Masalskyte et al. 2014).

Performance Management. Within this field, MMs
have been developed in order to understand the matu-
rity of companies’ programs to measure and manage
processes’ performances (Diaz-Ley, Garcia, and Piat-
tini 2010).

Maintenance Management. Within the field of main-
tenance management, MMs’ objective is to measure
the state of maintenance practices in a company, as
stated in the paper of Macchi and Fumagalli (2013)
that can be extended also to more complex systems as
the oil and gas sector (Duque and El-Thalji 2020).
Requirement Engineering. Some MMs have been
applied to the requirement engineering process, in
order to understand its level of maturity, since it is
becoming more and more important for companies to
prevent problems as early as the requirements engi-
neering phase instead of waiting until the project is
finished (Svahnberg et al. 2015).

Data Management represents an additional target on
which existing MMs might be focused and Portner,
Moske, and Riel (2022) and Zitoun et al. (2021). These
might be also focused on the data privacy issues as
proposed by (Yaqiong et al. 2020).



The target scope and the nature (i.e. CMM/CMMI-
based) of each model are highlighted in Table A.1 in
Annex (A1 Target scope of the selected MMs).

Among the analysed MMs, it has been noticed that
most of them are built following the principles of CMMI,
which defines five MLs (i.e. initial, managed, defined,
quantitatively managed, and optimising). The names of
these levels vary from model to model, according to
their scope. In most of them, a clear definition of these
levels is provided as a summary of the major require-
ments and measures of the stage, specifying especially
those aspects that are new to the stage and not included
as elements of lower stages. In each model, the matu-
rity stages are distinct and well-defined, and that there
is a logical progression through them to reach the full
growth. As visible form Table A.1 in the Annex, most
of the papers are focused on a specific target scope (e.g.
Data management (Portner, Moske, and Riel 2022), Sup-
port processes (Masalskyte et al. 2014)) that in gen-
eral does not include the whole company. Only few of
them employed an extensive approach such as Aguiar
et al. (2019) which although employs an extensive view
does not enter in detail on how to make manufacturers
improve their operations based on their current state. The
same criticalities can be mentioned for Gokalp and Mar-
tinez (2021) and Gokalp and Martinez (2022) which do
not provide detailed information about potential digital
improvements specifically at the operations levels. This
lack is visible also in Ilin et al. (2022) which, although
provides an extensive analysis, does not go in-depth in
evaluating at the operations level what the companies
need to do to benefit from the 4.0 enabling technologies
adoption.

3.1.2. Model dimensions definition

As mentioned before, maturity dimensions constitute
another fundamental element of the structure of a MM.
Indeed, in the large part of the selected models, matu-
rity is not computed as a single value but is rather split
into different dimensions. In this way, it is possible to
understand in better terms the different perspectives that
should be considered, while assessing the maturity of a
process or of an organisation. Maturity dimensions have
been reorganised into groups, according to the meanings
given by the authors to each dimension. Each identified
maturity dimension is defined as follows:

e Management: the managerial aspects of a process
(like planning and controlling) are considered. While
assessing the maturity of a process, it is considered
within some models (Boughzala and de Vreede 2015;
Macchi and Fumagalli 2013).

e Organisation: it includes different aspects:
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o People and culture: people’s skills, culture and
commitment are aspects to be taken into considera-
tion while assessing the maturity of a process, since
they influence its delivered output (Baskarada, Koro-
nios, and Gao 2007; Boughzala and de Vreede 2015;
Curry and Donnellan 2012; De Bruin et al. 2005;
Kerrigan 2013; Planview 2013; Ren and Yeo 2004;
Rossi and Terzi 2017; Teah, Pee, and KANKANHALLIi
2006).

o Communication/Collaboration: some authors
(Macchi and Fumagalli 2013; Rossi and Terzi 2017) in
their models analyse the way in which collaboration
is carried out within and between the process under
scrutiny.

o Training: some authors (Batenburg, Helms, and
Versendaal 2006; Rossi and Terzi 2017; Teah, Pee, and
KANKANHALLI 2006) underline that also the per-
sonnel training is a fundamental element to be con-
sidered, as it affects the performance of the process.
Process: the focus is on the way the processes are car-
ried out and on the used methods to perform them.
Batenburg, Helms, and Versendaal (2006) within the
process dimension, investigated on the documenta-
tion, formalisation and standardisation levels of the
procedures applied when executing a process. On the
other hand, other authors focus more on the meth-
ods used for modelling, executing and improving the
process (Boughzala and de Vreede 2015; De Bruin
etal. 2005; Kerrigan 2013; Planview 2013; Ren and Yeo
2004; Spruit and Sacu 2015; Teah, Pee, and KANKAN-
HALLI 2006). Finally, some authors took into consid-
eration, within the process dimension, also the per-
formance measurement of processes (Curry and Don-
nellan 2012; De Bruin et al. 2005; Rossi and Terzi
2017). As it will be shown later, other authors prefer to
consider this aspect within a separate dimension (i.e.
Monitoring and Control).

Technology. It has been considered in almost all of the
analysed MMs. Indeed, while assessing the maturity
of a specific process, one of the most important ele-
ment to consider is the technological infrastructure
(i.e. tools and IT systems) supporting the processes. A
punctual definition on what are the different aspects
to consider while assessing the technological dimen-
sion is given by Karandikar etal. (1993). They analysed
how the systems are integrated and coordinated, how
they share and communicate information and which
kinds of application tools are used.

Monitoring and Control: it analyses the way in which
a process is monitored and controlled. In particular,
Batenburg, Helms, and Versendaal (2006) analysed
the procedures applied in measuring the performance
of a process. Rossi and Terzi (2017) considered the
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decision-making process, which takes as an input the
monitored process’ performance.

e Information and knowledge management: some mod-
els (Boughzala and de Vreede 2015; Rossi and Terzi
2017) included this dimension considering all the
aspects related to the way in which information and
knowledge are managed are considered.

e Strategy. Within the ‘strategy’ dimension, most of
the authors want to analyse the alignment of the
process under scrutiny with the overall strategy of
the company, since this highly influences the way in
which processes are performed (Batenburg, Helms,
and Versendaal 2006; Curry and Donnellan 2012; De
Bruin et al. 2005; Planview 2013).

e Governance: some authors (Curry and Donnellan
2012; Rosemann and de Bruin 2005) sustain that
the governance has to be taken into account as
a fundamental aspect when assessing the maturity
of a process. Indeed, organisations policies highly
affect the standards according to which a process is
executed.

The aim of most of the analysed MMs is to describe
the actual situation of an organisation or a process, and
then benchmark the obtained results. In addition, only
few of the analysed models have not only been used as
standalone tools to assess the maturity of an organisation
or processes, but they have also been applied to enable
the companies to define a series of actions which will
help them to reach a higher ML. Therefore, they pre-
script the companies a sort of action plan to implement.
In this regard, some authors (April et al. 2005; Batenburg,
Helms, and Versendaal 2006; Boughzala and de Vreede
2015; Curry and Donnellan 2012; Sassanelli, Rossi, and
Terzi 2020; Sopelana et al. 2012)) aimed at using their
created MMs within frameworks, allowing companies to
have an integrative plan supporting them to align their
processes with the desired ML. In addition, companies
should use these MMs to assess and to benchmark their
ML with the ones of their competitors. In this way, it will
be possible for them, firstly, to identify the desired level
they need to reach and, secondly, to select improvement
items and define a roadmap.

Nevertheless, all the MMs above described have spe-
cific targets and focus their attention on specific elements
relevant to the digital transformation of manufacturing
companies. However, they do not allow a manufactur-
ing company to have under control all its operations
at the same time assessing its own digital maturity by
using a single and standard maturity scale to define a
unique and solid improvement path. Therefore, during
a digital transformation path, all the operations areas

need to be involved and to be equally taken under
control.

Based on the process described, two considerations
were made about the MM scope and design. The scope
refers to manufacturing companies taking as the unit
of analysis the factory itself, in particular its operations,
looking at the key analysis dimensions that emerged in
previous research. Indeed, the conceptualisation phase
provided the needed information to define the MM con-
tent and structure in terms of analysis dimensions (i.e.
management and execution, monitoring and control,
organisation, and technology) and the five MLs which
were chosen in accordance with the CMMI requirements
and need to be further detailed in the model development
phase. Thus, this phase set the basement for the model
design.

3.2. Model development phase

The model development phase is based on design and
populate phases as reported in Section 2. The results
coming from both steps are described below.

3.2.1. Design step: the model structure

During this step, before developing the actual design of
the MM (based on the scientific findings coming from
the model conceptualisation phase), some preliminary
decisions were taken, as suggested by De Bruin et al.
(2005). First, the audience of the model is manufactur-
ing companies. Indeed, once the model had been applied
to the application cases, the key benefits of the model
immediately emerged, since it helps companies to have
an idea of how mature they are for digitalisation and
what opportunities they can take advantage of from the
digitalisation. In terms of method of application, the
model is applied by third parties to ensure non-biased
responses and objective results. The respondents of the
application to gather information are operations man-
agers (e.g. design, logistics, maintenance, production,
quality). Indeed, the application of the model is based
on multiple entities, since it aims to assess the maturity
of all the areas referring to the operations of the com-
pany enabling to produce products or services and deliver
them (Porter 2001).

These initial decisions and the structure of the model
were taken and designed based on the findings from the
extant literature review. As the objective is not to focus
on a single type of manufacturing company’s strategy
(e.g. make-to-stock or engineering-to-order strategies),
a modular and scalable architecture was built. To make
this structure as general as possible, the manufactur-
ing company’s processes were grouped into operations-
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Figure 3. Areas and sub-areas of analysis.

related areas, as previously mentioned, since they are all
strategic for the digital transformation process:

Design and Engineering,
Production Management,
Quality Management,
Maintenance Management,
Logistics Management.

MR

Each operations-related area can be considered as a
self-contained module and therefore it can be considered
or not for the assessment based on the company struc-
ture. Each operations-related area contains a series of
characterising areas, which need to be considered when
analysing the practices and capabilities of a manufactur-
ing company towards digitalisation. As shown in Figure
3,1in a crosswise direction to the operations-related areas,
the Digital Backbone, the area corresponding to the IT,
is positioned. In it, all the exchange processes between
the cited areas are covered (see further details in sub-
section 4.2.2). Indeed, it plays an important role of the
digital transformation being where processes and struc-
tures reside, and containing the key aspects of other areas
of digitalisation.

In Figure 2, the modularity and scalability of the model
are visible. These two properties are important, since they
allow to re-adapt the model to any kind of company.
Indeed, it is possible to remove macro-processes, if they
are not performed by the company. On the contrary, they
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can be considered, in case they are fundamental to the
company’s business strategy.

Besides the structure, during this phase, the MLs
of the model were defined, based on the previously
described CMMI model structure. The ML identified are
five (Initial, Managed, Defined, Integrated and Interop-
erable, Digital-oriented) and they can be used to char-
acterise the ML of the abovementioned operations-
related areas. In detail, they can be described as
follows:

ML 1. INITIAL: The process is poorly controlled or
not controlled at all, process management is reactive
and does not have the proper organisational and tech-
nological ‘tools’ for building an infrastructure that will
allow repeatability/usability/extensibility of the utilised
solutions.

ML2. MANAGED: The process is partially planned
and implemented. Process management is weak due to
lack of organisation and/or enabling technologies. The
choices are driven by specific objectives of single projects
of integration, and/or by the experience of the planner,
which demonstrates a partial maturity in the manage-
ment of infrastructure development.

ML3. DEFINED: The process is defined thanks to
the planning and the implementation of good practices
and management procedures. The management of the
process is limited by some constraints on the organisa-
tional responsibilities and/or on the enabling technolo-
gies. Therefore, the planning and the implementation of
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the process highlight some gaps/lack of integration and
interoperability in the applications and in the informa-
tion exchange.

ML4. INTEGRATED AND INTEROPERABLE:
Being the process built on the integration and on the
interoperability of some applications and on the informa-
tion exchange, it is fully planned and implemented. The
integration and the interoperability are based on a com-
mon and shared standardisation within the company,
borrowed from intra- and/or cross-industry de facto
standards, with respect to the best practices in the indus-
try in both the sphere of the organisation and enabling
technologies.

ML5. DIGITAL-ORIENTED: The process is digitally
oriented and is based on a solid technology infrastruc-
ture and on a high-potential growth organisation, which
supports speed, robustness and security in information
exchange, in collaboration among the company functions
and in the decision-making.

3.2.2. Populate step: the model questionnaire

Once the scope and the design were defined, it was nec-
essary to identify what needs to be measured in the
maturity assessment and how it can be measured with the
populate step.

The analysis dimensions (Process, Monitoring and
control, Technology and Organisation) were identified
based on the findings of the literature review previously
developed during the conceptualisation phase (see sub-
section 3.1). These dimensions represent the perspectives
according to which the digital maturity of each rele-
vant operations-related areas (i.e. design & engineering,
production, quality, maintenance, logistics) is assessed.
Therefore, per each operations-related process area, it
was decided to evaluate, firstly, the way in which pro-
cesses are carried out (i.e. the Management and Execution
dimension); secondly, the way in which processes are
monitored and controlled through the evaluation of feed-
back received from their execution (i.e. the Monitoring
and Control dimension); thirdly, the technologies sup-
porting these processes (i.e. the Technology dimension);
finally, the organisational structures and the collabora-
tion activities behind these processes (i.e. Organisation
dimension).

Instead, Strategy and Governance dimensions have not
been considered as dimensions for the model since they
aim to be explored from a general perspective before
starting with the maturity assessment. Indeed, they both
need to be considered as basement to design the improve-
ment path, and not assessed in terms of current ML.
Moreover, also the information technology dimension has
not been inserted directly in the assessment in terms of

ML, but it is included as a separate section named Digital
Backbone which ensures the analysis of the current avail-
able systems present in the company based on which it is
possible to build the transformation path.

The four analysis dimensions (Figure 4) can be better
detailed as follows:

1. MANAGEMENT AND EXECUTION: it compre-
hends information regarding how the processes are
carried out within the company. Therefore, in this
dimension the following aspects are considered:

e What methods are used to perform a process.

e How the processes are executed.

e How standardised the processes are.

e How information is tracked and used, within a
process.

e How the documentation of the process is per-
formed.

e How integrated the processes are with other pro-
cesses.

2. MONITORING AND CONTROL: it comprehends
information regarding how a process is monitored
and controlled. In particular, the following aspects
are considered:

e How performances related to the processes are
retrieved.

e How retrieved performances are used to perform
analyses.

e How decision-making is carried out within a pro-
cess and how it is supported by feedback about the
process.

e How reconfigurable a process is after changes
have occurred.

e How much the process tends towards continuous
improvement.

3. TECHNOLOGY: it comprehends information regar
ding the systems, hardware and/or software, used in
support of the processes. The following aspects are
taken into account:

e How integrated the systems supporting the pro-
cesses are.

e How automatised the process is.

e Through which systems, if any, data are retrieved
and how they are stored.

4. ORGANISATION: it comprehends information
regarding organisational aspects of the processes. In
particular, it has been considered:

e How collaboration between the processes is car-
ried out.

e What are the responsibilities within the process.

e What is the organisational structure at the basis
of processes.




INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH . 13

Digital Readiness

Management & Monitoring and

Execution Control Technology Organization
[ Process control : :
| Methods endieasirament System Integration Collaboration
| ; ; Process p—
‘ Execution Data Analysis Automation Responsibilities
\‘ Level of i ; Data Retrieval and Organizational
‘ Standardization Decision making Storage structure
| Information Process
7‘ Management | Reconfigurability
| Documentation Process
| Management Improvement

\
|Level of Integration

Figure 4. The DREAMY'’s four analysis dimensions.

Furthermore, to conduct the assessment in a struc-
tured manner, a questionnaire was developed. This ques-
tionnaire supports the gathering of information, useful
to the application of the model. In this way, the questions
and the related standard normative answers to assess each
operations-related area through the four dimensions of
analysis were prepared (Acerbi, Sassanelli, and Taisch
2024). Within the questionnaire, for each question, stan-
dard normative answers were developed to ensure objec-
tivity in the assessment. These standard answers were
structured according to an increasing level of maturity,
following the five-scale digital MLs, previously described.
To define these standard answers, consideration from
company experts were blended with the ones of academia
experts and literature findings. The final version of the
questionnaire contains 174 questions. The number of
questions per each operations-related areas and dimen-
sions is reported in Table 2.

Even if the subdivision of the questions is not bal-
anced, the operations-related areas have been evaluated
with the same weight. Indeed, the questionnaire without
the answers will be shown to the respondents, since it
is a task of the analyst to understand which of the stan-
dard answers, already defined, best fits their responses.
In this way, even if the number of questions for a spe-
cific area and dimension is not high, the achieved score
in each operations-related area is reinforced by the narra-
tive obtained from the interviews, as the respondent will
be left free to answer with its own words. See below an
example of a question with the related 5-levels norma-
tive answers related to Area A1, Design and Engineering

(for the sake of clarity, an example for each area is avail-
able in the Annex, A2 DREAMY Questionnaire: Example
of questions along with the normative answers for each
area):

A1.2.1 Are the requirements validated considering the
company’s production performance, costs and delivery
times?

- No, the requirements are not validated or tracked

- No, the requirements are not validated, but they are

tracked including in an unstructured manner

- Yes, the requirements are validated and tracked in a

structured manner, above all in terms of costs

- Yes, they are validated and tracked in a structured

manner. In addition, the company has the ability to
predict a series of errors before they are too expen-
sive and which may lead to a redesign

- Yes, the organisation has the ability to validate

requirements beforehand, thus preventing every
type of error that has an impact on costs, delivery
times and production performance

As previously anticipated, within the questionnaire
there is a section called Digital Backbone, transversal
to the five areas of the model. This section aims at
identifying company’s main IT systems used to support
the design and engineering, production management,
knowledge management and data management. This area
is not the object of maturity indexes evaluation, but it is
rather used to have a complete overview on how each pro-
cess area is connected to the others, through the support
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Table 2. Division of the questionnaire’s questions.

Area Dimension Number of questions
A1 Design and Engineering Management and execution 17
Monitoring and control 7
Technology 18
Organisation 3
A2 Production Management Management and execution 9
Monitoring and control 5
Technology 22
Organisation 1
A3 Quality Management Management and execution 9
Monitoring and control 8
Technology 9
Organisation 3
A4 Maintenance Management Management and execution 14
Monitoring and control 6
Technology 23
Organisation 6
A5 Logistics & Supply Chain management Management and execution 4
Monitoring and control 2
Technology 8

of these IT systems. In addition, these questions bring up
to the surface some considerations that do not emerge
with the analysis of the single areas.

The overall company digital maturity is assessed
according to the five MLs across the four dimensions
of analysis, taking into account the internal context in
which the company operates (the strategy and gover-
nance explored before showing the questionnaire) and
also the current digital backbone.

Based on this overall analysis, it is also possible to
build a digital transformation roadmap. Indeed, to help
manufacturing companies not only assess their processes
maturity for digitalisation but also to help them in build-
ing awareness about the strengths and weaknesses of their
processes and the related main opportunities, a com-
prehensive methodology is needed. For this reason, a
framework, in which the prescriptive MM is embedded,
has been built. The prescriptive purpose of the model is
reflected in the three following steps:

1. Maturity Level Assessment: digital maturity is eval-
uated across the four analysis dimensions covering
all the five operations-related areas as mentioned
above through the questionnaire. The main output
of this phase is a radar chart.

2. Strengths and Weaknesses identification: once the
maturity indexes are computed and thus the digital
ML is assessed for each operations-related process
area, the strengths and the weaknesses are iden-
tified based on the information gathered and of
the obtained scores. This analysis allows, firstly, to
understand on which areas the company has poten-
tials (or needs) to concentrate improvement efforts
and, secondly, to have a first insight of companies’
opportunities, which can enhance the overall com-
pany’s maturity.

3. Opportunities identification and roadmap develop
ment: the last step is the identification and full
definition of the opportunities for each operations-
related area based on the radar charts. In this way,
the company has a concrete overview on what are
the suggested actions to undertake to improve the
maturity of each process assessed.

4. Discussion: model verification, validation,
deployment and maintenance

4.1. Model verification and validation phase: the
testing step

Once the questionnaire was developed, DREAMY’s com-
pleteness and comprehension needed to be verified and
validated to be fully tested. DREAMY characteristics
were verified first by academic experts during a work-
shop, then its entire structure and content was validated
through the application in three industrial cases and
finally a second iteration round took place through a
workshop held with combined industrial and academic
experts in NIST.

Starting with the first verification assessment through
the workshop held in Politecnico di Milano with the rep-
resentatives of Osservatorio Industria 4.0, it was possible
to verify the questionnaire accuracy. The main output of
this phase concerned the need to optimise the number
of questions in the questionnaire, eliminating redundant
or superfluous ones, to find the right trade-off between
precision and time needed to conduct the analysis. The
initial questionnaire was made up of 210 questions, dis-
tributed as per Table 3.

At the end of the workshop, in its final version,
the questionnaire has 174 questions, distributed as per
Table 3.
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Table 3. Division of the initial version of questionnaire’s questions.

Number of initial Number of final
Area Dimension questions questions
A1 Design and Engineering Management and execution 21 17
Monitoring and control 7 7
Technology 18 18
Organisation 5 3
A2 Production Management Management and execution 1 9
Monitoring and control 5 5
Technology 28 22
Organisation 3 1
A3 Quality Management Management and execution 13 9
Monitoring and control 10 8
Technology 10 9
Organisation 4 3
A4 Maintenance Management Management and execution 17 14
Monitoring and control 6 6
Technology 28 23
Organisation 8 6
A5 Logistics & Supply Chain management  Management and execution 4 4
Monitoring and control 2 2
Technology 10 8

Another output of the workshop was the need to
rename the analysis dimension initially identified as ‘pro-
cesses’ to ‘management and execution’, to avoid confusing
it with the processes being analysed.

Regarding the validation in the three application cases,
in the following lines, for each phase of the DREAMY
application, it is described what was performed and how
it was presented to the company.

- Digital maturity assessment: the maturity assess-
ment consisted basically in the computation of
maturity indexes. The responses gathered during the
interviews were compared with the standard norma-
tive answers of the questionnaire. In this way, the
level of maturity for each question was obtained.
Within the report, two levels of maturity indexes
were presented. The analysis presented on the first
level the overall company’s maturity, while, on the
second level, the maturity was broken down into the
different areas (Figure 5 shows the results for the
three cases). After showing the results, a brief dis-
cussion on the score obtained in each area and for
each dimension was given.

- Strengths and weaknesses identification: after that
the maturity indexes and the motivation behind
them were presented to the companies, and the
identified strengths and weaknesses were illustrated.
These emerged from the comparison between the
responses given by the interviewers and the stan-
dard normative answers defined for each ques-
tion. Indeed, if the answer provided is associated
with an ML lower then 2, this might be consid-
ered a weakness. Whereas, if the ML associated is
higher than 4, that answer might be considered as
a strength. An ML 3 answer can be evaluated either

a strength or a weakness, depending on the con-
text. In addition, even the extra information pro-
vided by the respondents to each question was used
to enrich the list of the identified strengths and
weaknesses. Within the report, a table illustrating
the identified strengths and weaknesses for each
process area and for each analysis dimension was
reported.

- Opportunities identification: based on the identified
strengths and weaknesses, the opportunities, which
the companies can exploit to improve their current
situation in terms of digital maturity, are presented.
In this way, the company has a concrete overview
on what are the suggested actions to undertake to
improve its identified weaknesses. The opportunities
are reported within the report in a table, divided for
each area interviewed.

After presenting the report to the companies, a discus-
sion session was organised with all the people involved
in the interviews. On one hand, this discussion was
important to understand if they agreed with the com-
puted maturity scores, the identified strengths and weak-
nesses and the suggested opportunities. In this way, the
feedbacks received were useful to prove the DREAMY’s
value and validity. On the other hand, the discussion
was important to understand if the opportunities shown
to the companies were feasible (if they were unfeasible,
it was important to understand why). There could be
either some barriers, lack of resources or even lack of
real interest for competitiveness in the specific industry.
After that this feasibility/unfeasibility’ filter was applied,
the company was invited to rank the feasible opportuni-
ties according to the benefits they could bring. Finally, a
brief discussion on the applications, which would have
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Figure 5. Dimensions of analysis and related sub-components.

helped the company to take advantage of these feasible
opportunities, was carried out.

Finally, as reported by De Carolis et al. (2017), during
the second iteration of the validation process, the main
results obtained from the DREAMY presentation and
discussion during the workshop were that researchers,
academic and industrial experts (who already had expe-
rience on building MMs and on digitalisation process,
and who attended the event) confirmed the validity of
the methodology structure, focus, execution process and
questionnaire completeness (proving its property uses
meaningful and reliable information).

4.2. Model deployment and maintenance

4.2.1. Model deployment

At this point, DREAMY was ready to be deployed to
evaluate the extent to which it can be considered a gen-
eralisable MM. Indeed, the MM has been applied to a
series of industrial case studies (more than 250 in the
last 5 years). The sample covers both big-size companies
and small-size companies operating in different manu-
facturing sectors such as automotive, electronics, wood
production, paper production, glass production, chem-
icals, textile, etc. using either make-to-order or make-
to-stock approaches. According to the feedback gathered
from these applications, the model has been validated and
standardised. The aggregated and average results coming
from the cases are reported in Table 4. In particular, in
each row are reported the average results related to each
single sector with reference to the four analysis dimen-
sions looking at the entire company perspective and the
specific results related to the operations-related areas.
In brackets, in the first column, the exact number of
respondents is reported.

As visible from the table, the model was applied to
several industries and this enabled to start creating an
additional feature of the MM, the benchmarking oppor-
tunity. In general, if a comparison among industries is
done, it is possible to highlight that the most digital
mature sectors are the motor vehicles and other trans-
portation industries together with the glass industry,

Management &
Execution

Organization

Company B Management & Company C
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while the construction material sector is still based on
traditional practices and needs stimulus to undertake a
digital transformation.

Although the values seem to be equally distributed
around the third level, the specific answers gave space
to the definition of ad hoc improvement projects which
were smartly integrated in customised roadmaps. More-
over, the repository of these different proposals is a good
opportunity to standardise some best practices to be
suggested according to the level and the sector of the
company under assessment.

Below, a summarised example of the output from the
DREAMY application to a case is reported to under-
line the real value under these numeric indicators. The
company used as an example is Italian and operates in
the fabrication of panels for the construction sector. The
three key objectives that the company is aiming to pur-
sue in the next years are: 1. to improve productivity and
find room for expansion (e.g. increase production capac-
ity, introduce monitoring indicators), 2. to ensure to be
adherence to the customers’ needs (e.g. identify the key
success factors valuable for the consumers), and finally
3. to enhance the internal culture (e.g. create a group
identity, engage talents). The ML assessed across the four
analysis dimensions is reported in Figure 6.

Two particularly critical elements emerged from the
maturity analysis: limited control over the processes, and
a limited advancement in the technology used to exe-
cute and control processes. In addition, it emerged that
the current organisation is based on a decades-long tra-
dition that enabled the company to grow and remain
competitive in the market to date, but in the long term, it
may need to be upgraded in relation to current require-
ments. Indeed, digging deeper in the analysis of the single
operations-related areas, the values shown in Figure 7
emerged.

The graphs in Figure 6 unveil that the current ML
of the companies analysed, in all its different facets, is
between the second and third levels. This means that
currently, companies are implementing a partial plan-
ning of the processes that is limited mainly by an inade-
quate usage of the potential technological support or the



Table 4. DREAMY application results.

Analysis dimensions

Process areas

Management Monitoring and Design & Logistics &

Industry and execution Organisation control Technologies engineering Production Quality Maintenance supply chain
Food, drink, and tobacco (32) 3.2 3.1 3.1 3.0 3.2 3.6 34 2.9 2.9
Pharmaceutical and chemical (29) 3.0 29 3.0 2.8 33 37 3.6 3.1 3.0
Construction materials (5) 24 2.3 25 23 2.7 2.4 2.3 2.1 1.7
Metals (40) 3.0 29 2.8 2.8 3.2 3.6 34 29 25
Motor vehicles and other 3.6 35 34 3.2 39 4.0 4.0 33 3.0

transportations means (35)
Furniture and wood (13) 3.1 3.1 29 3.2 29 3.6 3.1 2.5 29
Glass (2) 3.9 3.7 39 37 4.1 42 44 3.7 32
Paper and printing (8) 33 3.2 3.2 3.1 35 4.0 33 3.0 24
Rubber and plastic (34) 33 3.2 3.2 3.0 33 38 37 33 29
Electromechanical, machinery and 33 33 3.2 3.2 36 37 35 2.9 29

equipment (70)
Electronics, electrical and optical (15) 35 34 34 35 3.6 37 37 3.2 34
Petrochemical and coal (4) 26 2.6 25 2.7 2.9 37 33 2.7 2.0
Textile, clothing, and leather (27) 3.0 2.9 2.8 2.8 33 33 3.0 2.6 2.7
Other manufacturing industries (66) 32 3.1 3.0 3.0 34 3.6 35 29 2.8
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Figure 6. DREAMY analysis dimension results from a specific
industrial case application.

absence of some of the supporting technologies or infor-
mation systems. More specifically, through the extensive
analysis of all the operations-related areas, seven key
weaknesses limiting the achievement of the company
objectives emerged and are reported below:

o the product and component coding do not adequately
support the search for past documentation (absence of
speaking codes),

o the processes are not fully structured (lack of process
standard and process stability/repeatability), manual and
experience-based processes are the most diffused,

o the information systems are not integrated with each
other, and they are not optimised to meet business needs,

o there is an excessive proliferation of extra-system data
(e.g. in Excel or paper format),

o there is a limited presence of instruments to monitor
and control industrial parameters,

o there is a reduced visibility on performance, procure-
ment, demand, and materials management,

o there is an ineffective skills mapping, inconsistent
with business needs (mismatch between acquired and
required skills).

Therefore, integrated improvement projects were pro-
posed (as shown in Table 5) to facilitate the overcoming
of these weaknesses and the achievement in a structured
manner of the company’s objectives. Indeed, each of the
projects described in Table 5 aims to cover more than one
operations-area, in an integrated manner respect with to
the rest of the operations to balance and align all the
improvement actions.

4.2.2. Model maintenance
After the deployment, it is important to maintain the
model growth and use. To achieve a highly generalisable

model, it is necessary to have a high volume of model
applications. One of the main outputs of the roadmap
tool related to the DREAMY model is a list of opportu-
nities which the analysed company can take advantage
of to overcome its identified needs. Through the appli-
cation on several cases, the single companies’ situations
can be compared an improved actions might be taken
place. Indeed, across the last five years applications of
the model proposed in this research, the questionnaire
has been improved and extended in accordance with the
suggestions from the respondents. In particular, addi-
tional questions on supply chains were added (as visible
in results of the industrial case studies in sub-section
4.2.1), extending the logistics part (as was suggested by
respondents in the application cases conducted).

4.3. Contributions to knowledge, to practice and
managerial implications

The present research contributed, through the develop-
ment of the DREAMY prescriptive MM to both theory
and practice, also providing a set of managerial implica-
tions in the manufacturing industry.

Regarding the theoretical contribution, DREAMY
enabled to overcome a key envisioned gap in the applica-
tion of the 14.0 technologies to the manufacturing indus-
try, the lack of a tool allowing the deep and integrated
analysis of the operations areas of manufacturing com-
panies. Indeed, the already developed models focused
the attention on specific targets without giving a holistic
view over the operations of a manufacturing company.
They were limited to single elements of the entire pro-
cesses implemented by companies in their operations
(e.g. project management or product development, see
sub-section 3.1), by employing a silos approach in the
analysis. Moreover, they were not necessarily prescrip-
tive MMs, only describing companies’ current state in
terms of digital maturity without suggesting improve-
ment actions. On the contrary, DREAMY sets the basis to
design integrated and customised roadmaps towards dig-
ital enhancement of manufacturing companies, ground-
ing them on the big picture obtained through the pre-
vious analysis performed on the whole companies’ pro-
cesses. In particular, the research conducted to propose
the DREAMY provided a wide set of theoretical contri-
butions, in detail it has been:

e Conducted a literature review about MMs for digital
manufacturing and their comparison,

e Developed a framework, not only a prescriptive MM
that is instead embedded in the framework, to build
the digital transformation roadmaps of the inter-
viewed companies. The framework, based on the
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Figure 7. DREAMY operations-related results from a specific industrial case application.

results of the application of DREAMY, is capable to
first identify strengths and weaknesses and second
to define opportunities and building the roadmap to
flank companies along its digital level enhancement,

e Defined and systematised the operations-related areas
of companies in the manufacturing industry (Al
Design and Engineering, A2 Production Manage-
ment, A3 Quality Management, A4 Maintenance
Management, A5 Logistics & Supply Chain manage-
ment), each one composed of a series of macro-
processes composing the companies’ activities,

e Defined 5 levels of maturity for companies approach-
ing the digital transition and willing to embrace in the
future the Industry 5.0 pillars,

o Unveiled the importance of the digital backbone along
the five operations-related areas,

e Built a questionnaire of 174 questions and the related
normative answers to interview companies’ employ-
ees and to assess each operations-related area through
the four dimensions of analysis of companies’ digi-
tal maturity (management and execution, monitoring
and control, technology and organisation),

e Obtained knowledge about sectorial ML, useful for the
interviewed companies to benchmark its status quo
with the average value of its competitors.

Regarding the practical and managerial implications,
the DREAMY framework offers several opportunities for
supporting industry professionals in their digital trans-
formation journey. By providing a structured maturity
model and a roadmap tool, DREAMY enables compa-
nies to assess their current digital maturity and prioritise

actions to enhance digital capabilities. Specifically, prac-
titioners can leverage DREAMY in the following ways:

e Strategic decision-making: The framework helps

decision-makers understand the digital strengths and
weaknesses of their organisation across critical areas,
such as production, maintenance, and logistics. This
comprehensive view allows them to prioritise invest-
ments in specific technologies and processes that align
with organisational goals, enhancing both operational
efficiency and long-term competitiveness.

Roadmap  development and implementation:
DREAMY’s roadmap tool provides step-by-step guid-
ance on digitalisation initiatives, enabling practition-
ers to create customised transformation plans that are
aligned with their company’s current ML and desired
outcomes. This roadmap approach helps organisa-
tions avoid ad hoc or fragmented digitalisation efforts,
promoting a coherent strategy for implementing new
technologies.

Benchmarking and continuous improvement: By
using DREAMY as a benchmarking tool, compa-
nies can compare their digital maturity with indus-
try standards or peers. This not only helps identify
areas for improvement but also encourages continu-
ous progress toward higher MLs, facilitating ongoing
adaptation to emerging digital trends.

Enhanced communication and engagement: The
frameworK’s structured assessment process facilitates
cross-functional discussions on digital transforma-
tion within the organisation, engaging various depart-
ments and fostering a culture of collaboration. This
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Table 5. Improvement projects out of DREAMY application.

Project Name

Description of the achievements

Training and resource enhancement

Redesigning internal processes and procedures

Redesigning processes and procedures
towards external stakeholders

Introduction of a single Enterprise resource
planning (ERP) system and ensure
integration between existing systems

Introduction of new systems to support
process execution and control

Provide training courses to make staff at all organisational levels more aware of three main points:
o on the need for organisational change resulting from projects aimed at procedural
improvement supported by the possible introduction of new technologies and/or information
systems, o on the functionality of digital technologies to be introduced in the company to
support organisational growth, o on the creation of a data-oriented culture aimed at reducing
the use of paper documentation and improving information exchange, IT security and reliability.

Revision of part of the procedures and logics for the management and execution of processes
currently in use, including: o Improved collaboration between production, quality, research and
development and engineering during new product development. It is suggested to consider the
possible introduction of a system to support this alignment to reduce the complexity of new
products to be developed, o Introduction of new procedures for the management of
procurement and warehousing considering the need to also adapt the information systems
currently in use, o Monitoring of maintenance activities to assess their impacts in relation to
product quality, o Monitoring the impacts of actions aimed at improving process and product
quality detection, o Introducing specific KPIs for each function to monitor performance and
check the impacts of actions taken for improvement, o introducing a recruitment methodology
in line with other companies belonging to the group that would make it possible to structure
the search, broaden its channels and attract candidates in line with expectations.

Provide for the redesign of certain procedures currently in place in relations with third parties, with
a focus on customers and suppliers: Customers — structured management of customer relations:
o introduce structured procedures for the acquisition of new customers, the management of
existing customers, the monitoring of the goodness of such actions through the use of specific
KPIs and the provision of after-sales service, o facilitating the new product configuration
process (using an extended version of the configurator) so as to limit the complexity of new
product development while ensuring a high level of customisation. Suppliers - structured
management of supplier relations: o mapping suppliers on the basis of Kralijc’ matrix to assess
the type of relationship to be established with the individual supplier, o increase the visibility of
the Group demand and/or create more flexible and aligned supply collaboration relationships.

Evaluation of the management systems in use today to compare the specific characteristics of the
systems used with the needs of the Group (e.g. logical and physical management of materials;
finite capacity planning; scheduling). Therefore, assess whether the systems’ limitations are
merely technical and/or cultural, and consider intervening with appropriate staff training
(solution 1). The objective is the implementation of a single and robust system, based on
reliable and unambiguous data, capable of managing technical and production bills of materials
when integrated with appropriate systems (e.g. Product Data Management (PDM)/ Product
Lifecycle Management (PLM)(x)) and which allows streamlined management of goods
purchasing procedures without the use of Excel, the evaluation of stock in the warehouse (e.g.
Warehouse Management System (WMS)) in real time and the transmission of information in real
time to the production department (e.g. Manufacturing Execution System (MES)).

Introduction of systems for visualising and monitoring process data in different areas: o
supporting the efficiency of the product development process by streamlining data sharing
activities from the technical department to other functions and to the customer with a suitable
system (e.g. extended configurator, PDM or PLM), o reduce search times for information and
documents of similar products within the configurator, o monitor the performance of
production assets and product quality in an integrated manner through the management
information system (ERP), so that consistent decisions can be made on the basis of the actual
performance of the assets (e.g. production planning on the basis of asset performance).

shared understanding is crucial for building consen-  towards a value-driven approach with the adoption of
sus on digital priorities and achieving organisational =~ complementary MMs on sustainability (e.g. Acerbi, Sas-

buy-in for transformation initiatives.

sanelli, and Taisch 2024). The best practices identified

e Catalogue of opportunities: to address identified  through these MMs could enhance the overall maturity
needs based on the current ML: This catalogue is  of manufacturing companies.

significant for the company itself, offering a tangi-

Throughout the years, also policymakers can ben-

ble overview of areas for improvement, avenues for efit from the extensive usage of DREAMY to adhere

improvement, and methodologies for improvement.

to the new Industry 5.0 values. Indeed, policymakers
can also be supported in formulating new actions, reg-

Moreover, considering that DREAMY does not only  ulations, and funding programs to incentivise specific

embrace a technology-driven approach but it aims to
explore other areas like the ‘management and execu-
tion’, ‘monitoring and control’ and the ‘organisation’, the
analysis could also contribute in enhancing the com-
pany’s resilience in accordance with the Industry 5.0 sce-
nario (Xu et al. 2021) which could be furtherly extended

industries and types of companies (based on differ-
ent sizes or production strategies) according to their
assessed digital maturity. Indeed, stemming from the
DREAMY tool, a digital maturity assessment question-
naire (www.testindustria4-0.com) has been developed,
utilised by the Italian network of Digital Innovation


http://www.testindustria4-0.com

Hubs to guide companies towards a greater awareness of
their current status quo. Its results also provide an ini-
tial check-up beneficial to Competence Centers guiding
them in the execution of technology transfer and digital
transformation projects.

5. Conclusions

This research was aimed at proposing DREAMY, a pre-
scriptive MM facilitating the digital transition of manu-
facturing companies answering to the main RQ1 ‘How to
guide manufacturing companies towards the digitalisa-
tion process’. Indeed, to the best of authors’ knowledge,
the already existing models do not provide a unique
view over the different operations areas characterising
manufacturing companies. They are usually focused on
a specific target, for instance, the product development
area, and this does not enable the usage of a standard
maturity scale common for the entire company, limiting
a coherent action plan involving all the areas involved in
the digital transformation process. Therefore, to address
this objective, DREAMY, was developed, validated, and
applied. The results of these three research phases are
reported in the present contribution to highlight the key
steps to develop a prescriptive MM and to show the
results obtained through its application over the last 5
years in more than 250 manufacturing companies. The
model development took place by relying on the extant
literature to identify the critical dimensions for the dig-
ital transformation (answering to the RQ1.1. What are
the critical dimensions that should be included in a dig-
ital maturity model for manufacturing companies?). It is
based on a five-level maturity scale (i.e. initial, managed,
defined, integrated and interoperable, digital-oriented),
and it covers the key operations-related areas (i.e. design
& development, production, maintenance, quality, logis-
tics and supply chains) that are analysed across four
dimensions of analysis (i.e. execution, monitoring, tech-
nology, organisation).

Once the model was developed, to ensure its adher-
ence to companies’ needs (thus, to validate the answer
to RQ1.1. and to further answer to RQ1.2. ‘How can a
maturity model be effectively integrated into a broader
framework to provide a roadmap for digital transforma-
tion?’), a first verification stage was undertaken through
a workshop organised with the Osservatorio Industria
4.0 of Politecnico di Milano. Then, to test the model,
DREAMY was applied to three industrial cases, each with
a specific characteristic, to initially validate the model
accuracy and generalisability. Last, the model was tested
also through a final workshop with NIST involving both
experts from industry and university to compare this
model with others already in use.
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The application of DREAMY covered the last 5 years.
Considering the extensive number of outputs, only aggre-
gate results from the previous applications are reported
and only the results of one case are reported in summary,
highlighting also the related improvement actions sug-
gested out of the analysis. Although only a summary is
reported, these results clarify the benefits generated from
the model adoption since they raise practical evidence
about the status of the specific operation-area compared
to the others of the same company. Moreover, it is possible
to understand which is the most relevant problem across
the four analysis dimensions (i.e. management and exe-
cution, technology, monitoring, and organisation) that
needs to be immediately addressed to align the entire
company. Therefore, based on this analysis managers and
C-levels can take prompt and accurate actions towards an
improvement process embracing the digital transforma-
tion through an integrated roadmap. In addition, in the
future, the repository of the different proposals suggested
in the 250 cases can be further exploited to define as stan-
dard some best practices to be suggested based on the
ML detected and the sector of the company under assess-
ment. Through this extensive analysis, it will be possible
to understand if there is some correlation between the
companies’ opportunities (emerged from the use of the
DREAMY) and the company’s strategy.

Although the benefits of this research are many, the
limitations of the model developed and proposed open
rooms for further research. DREAMY framework results
could be compared to those obtained from the adoption
of another typology of assessment model devoted to sup-
port the digital transformation, this comparison would
enable to evaluate which approach is more appropriate.

Additionally, DREAMY could be extended to facilitate
the so-called ‘twin transition’ according to which the dig-
ital infrastructure acts as a facilitator to encounter ecolog-
ical requirements. Indeed, the current societal scenario
requires the inclusion of sustainable-oriented actions
especially of manufacturing companies. Therefore, in the
future, it will be possible to further improve the analysis
coming out from the adoption of DREAMY by combin-
ing it with an extensive one also covering resilience and
sustainability to address Industry 5.0 principles. Invest-
ments in technologies can be seen as useful to optimise
the internal process and to encounter new societal needs
too. Thus, the creation of a unique prescriptive roadmap
based on a standard maturity scale common for the entire
company would stimulate and facilitate this process. This
enhanced maturity scale would also encounter the value-
driven approach of Industry 5.0 enabling companies to
address the current requirements.

In summary, further research could focus on several
key areas to build on the findings of this study:
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(1) Expansion to other sectors: The current version of
the DREAMY framework is specifically designed for
the manufacturing sector, focusing on digital trans-
formation challenges unique to this field, such as the
integration of Industry 4.0 technologies, optimisa-
tion of production processes, and digitalisation of
supply chains. However, the core principles of the
framework - assessing digital maturity and provid-
ing a tailored roadmap for digital transformation -
could also be relevant to other sectors, including
service-oriented industries, healthcare, or finance.
This would involve customising the maturity model
and roadmap to account for sector-specific chal-
lenges and digital transformation needs. To adapt
the DREAMY framework for use in service-oriented
companies, several modifications could be consid-
ered:

e Revising the maturity dimensions: The dimen-
sions of digital maturity (e.g. Process, Technology,
Organisation) could be redefined to reflect the
priorities and challenges specific to service indus-
tries. For example, the ‘Production Management’
dimension could be replaced by ‘Service Deliv-
ery Management’ to better capture the nuances of
service operations.

e Adjusting the assessment criteria: The crite-
ria used to evaluate digital maturity might be
adjusted to suit different operational contexts.
For example, in the healthcare sector, empha-
sis could be placed on data privacy and security,
patient engagement, and digital health technolo-
gies, while in the financial sector, the focus might
shift toward cybersecurity, fintech integration,
and customer experience management.

e Expanding the digitalisation roadmap: The digi
talisation roadmap tool could be modified to
include strategies and actions that are more
relevant to service-oriented environments. This
could involve new pathways for digitalising cus-
tomer interactions, enhancing digital marketing,
or adopting AI-driven analytics for service opti-
misation.

(2) Longitudinal studies: Conducting longitudinal stud-
ies to track the digital transformation progress of
companies over time using the DREAMY frame-
work could provide deeper insights into the long-
term effectiveness of the roadmap tool and identify
areas where additional support may be needed.

(3) Integration with sustainability goals: Future work
could integrate the framework with sustainability
metrics to help companies not only achieve digital
transformation but also align with environmental,
social, and governance (ESG) objectives, particularly
in the context of Industry 5.0.

(4) Development of a digital maturity benchmarking
tool: Creating a digital maturity benchmarking tool
based on the DREAMY model could help companies
compare their digital MLs with industry peers and
identify best practices for digital transformation.

(5) Investigation of technology-specific MLs: Further
studies could examine the applicability of the
DREAMY framework to assess MLs for specific
technologies (e.g. Al IoT, blockchain) within the
digital transformation process.
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