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Abstract. The contemporary era is pushing companies worldwide in undertaking
a digital transformation path to keep high their competitive advantages acquired
throughout the years thanks to their engineering competencies. Companies, espe-
cially Small & Medium ones, are getting forced to set up clear roadmaps towards
an enhanced digital maturity level to address their strategic objectives. Roadmaps
must support them in being both efficient and effective to keep stable their com-
petitive advantage. Therefore, the goal of this contribution is to clarify the key
elements representing the basement towards an improvement digital path and
apply them to a case study. The key elements emerged to be: i) the clarification of
firms’ strategic objectives, ii) the awareness about firms’ current internal digital
maturity level to benchmark themselves in respect to competitors as well as their
expected “desired TO-BE scenario”, and iii) the investigation of the causes and
related effects that may harm the reaching of the strategic objectives. Hence, in
this contribution, these three steps are deeply investigated to design a structured
and tailored roadmap leading a company to reach an increased level of digital
maturity facilitating the achievement of the strategic objectives. The roadmap
supports companies in evaluating the most appropriate technologies to overcome
the internal inefficiencies identified hindering the achievement of the corporate
results. The roadmap development process was studied from the extant literature
and it has been applied in this contribution in a case study, specifically in an Italian
company operating in the Aerospace & Defense (A&D) sector.
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1 Introduction

Nowadays, companies are asked to keep high their competitive advantage optimizing
their resource consumption, and digital and Industry 4.0 (I4.0) technologies may help
them to move towards this direction [1]. Indeed, all the sectors are forced to improve
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their personalization performances to cover all their customers’ needs and they are highly
facilitated by the introduction of specific 14.0 technologies [2]. Nevertheless, they all
need to find the proper balance of investments in technologies according to their strate-
gies and the available financial resources. Different tools have been proposed in the
extant literature with the goal to facilitate the Digital Transformation (DT) of manufac-
turing companies. For instance, [3] proposed a qualitative roadmapping tool to support
Small & Medium Enterprises (SMEs) by evaluating the actions over five dimensions:
business and strategy, product, customers and suppliers, production processes, factory
and infrastructure. [4] proposed a Maturity Model (MM) assessing the adoption of 14.0
technologies and, [5] proposed a MM, named DREAMY4.0, aiming at evaluating the
readiness of manufacturers in undertaking a DT. Although these models have been
already applied in different contexts, they still lack a detailed and objective investigation
over the main criticalities charactering the company to support the choice of a deter-
mined DT path. Among all, this need emerged especially in the A&D sector which is
characterized, on one side by strict regulations due to the great complexity, on the other
side the process digitalization lags behind the product digitalization due to the extensive
product development life cycle and the limited production volumes [6]. For this reason,
the research objective of this contribution is to create a robust, complete, and objective
model to analyze and cover the criticalities emerged in manufacturing companies in an
objective way after a maturity assessment, to provide them precise roadmaps for DT to
justify the huge investments. Therefore, starting from DREAMY4.0, which emerged to
be the most consolidated operative model (i.e., several citations and industrial adoptions)
in the extant literature about MM towards DT, an extension has been developed in this
contribution to perform an objective investigation of the major criticalities to build a
structured roadmap. Moreover, considering the needs emerged in the A&D sector, the
developed extended model has been applied in a manufacturing company operating in
the A&D sector. The paper is structured as follows: Sect. 2 describes the theoretical
background focusing on the description of the DREAMY4.0 model to highlight the
key characteristics and the rooms for improvement, Sect. 3 provides the methodology
employed, Sect. 4 elucidates the extended version of the model, Sect. 5 analysis the
A&D case study in which the extended model has been applied and Sect. 6 concludes
the papers highlighting the key contributions and the main limitations opening the way
for further improvements.

2 Theoretical Background: DREAMY4.0

As just mentioned, the starting point of this contribution relies in the DREAMY4.0
digital readiness maturity model [5]. This assessment tool was developed by the Manu-
facturing Group of the School of Management of Politecnico di Milano and it has been
already validated in multiple Italian and international-based companies (both SMEs and
Large Enterprises) [5]. DREAMY4.0 aims to investigate the digital readiness of manu-
facturing companies by assessing six processes (i.e. design & engineering, production,
quality, maintenance, logistics and supply chain) evaluating them based on four analy-
sis dimensions namely: (i) Execution (i.e., how the processes are carried out within the
company), (ii) Organization (i.e., information regarding the organizational aspects of the
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processes), Control (i.e. how a processes are monitored and controlled), Technology (i.e.
information regarding the ICT systems, hardware and/or software, used in support of the
process). The maturity is assessed along five levels of maturity [5]: from 1 (minimum
level of digital readiness) to 5 (maximum level of digital readiness) in conformance to
the CMMI framework [7]. DREAMY 4.0 enables to give a big picture about the current
digital readiness of a manufacturing company by delineating a qualitative description of
the potential rooms for improvement towards higher levels of maturity. Nevertheless, it
lacks an objective quantification of the main weaknesses leading to a limited analysis of
potential detailed solutions to be suggested for improvements.

3 Methodology

The present contribution aims at developing an extended version of the DREAMY4.0
especially focused on complex sectors such as the A&D. To achieve this objective, it
has been relied on a workshop-based approach backed by a literature review to create
the PCIM (Priority Criticality Index Mapping). Indeed, according to [8], the definition
of a DT journey requires mainly a workshop-based approach. Such kind of involvement
of company’s employees described in the case study allows to maximize the level of
commitment of all the relevant stakeholders that will implement or benefit from DT
approach. Additionally, it facilitates the interviewers (i.e. the authors in this case) in the
identification of the critical elements of the processes analyzed and their related solutions.
Indeed, relying on an action research approach to conduct the analysis, allows to be more
concrete and actively involve the case study company through constant feedbacks [9].
Figure 1 shows the 6 main steps followed to conduct the analysis to create an objective
roadmap.

2. Company 3. Critical 4. Solution 5. Solution .
1 assessment analysis develop roadmapping 6. Projects
Preparation selection
(DREAMY4.0) (DREAMY4.0) (PCIM) (PCIM)

Fig. 1. Extended methodology to create an objective roadmap

4 Extended Model Development

In the first step depicted in Fig. 1, named “Preparation”, there is a limited engagement
of the firm, and thus, additionally to the external interviewers (here the authors) only the
project champion/promoter and the CEO need to be involved. In particular, in this phase
it is requested to collect all the relevant information regarding: (i) the industry in which
the firm operates (e.g. trends, competitors, market approach etc.), and (ii) the records
of the information about the company under analysis (e.g. balance sheets, newspapers,
story of the firm, etc.). Within step 1, also the definition of the boundaries of the analysis,
the signature of the NDAs and the definition of the people to be involved was carried
out. Indeed, the assessment deployed is structured to cover the six processes reflecting
those of the DREAMY4.0, thus the managers of the following functions were involved:
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System Quality and Continuous improvement, Program, Operations, Production and
Planning, Supply Chain, Quality, Logistics.

The second step, “Company assessment”, requires a greater involvement of com-
pany’s employees with particular regards of the functions’ representatives. In this phase,
the assessment method employed was the DREAMY4.0 (described in detail in the “the-
oretical background” section). Therefore, the authors carried out a set of interviews, both
qualitative and quantitative, with the aim of collecting valuable information to under-
stand the context in which the firm operates, to clarify its objectives, to assess the current
level of digitalization by identifying its main criticalities and strengths.

The third step of the methodology, “Critical analysis”, consists in the extrapolation
of the key elements describing processes and technology adopted for each process,
collected during the step 2, to identify the elements that might represent real barriers for
the achievement of company’s objectives.

Given the complexity and the needs of the sector, and more in general, the capac-
ity and budget constraints of companies in undertaking a roadmap toward DT [10],
a tool specifically designed to identify the most relevant criticalities for the case has
been developed entering the fourth step “Solution Development” (see Fig. 1). Here,
the extended part of the DREAMY 4.0 has been named PCIM and it aims at prioritiz-
ing criticalities and consequences in a quantitative form. Therefore, taking as input the
weaknesses collected thanks to the DREAMY4.0, the PCIM methodology starts with a
further sorting into: root weakness (the criticality) or weakness generated by the firsts
(the effect). Afterwards, such criticalities and effects are linked through arrows which
specify whether a block (criticality or effect), positioned at the tail of the arrow, has an
impact on another block (effect), positioned at the head of the arrow. According to [11],
graphical representation of problems facilitate the process of depicting alternatives (and
scenarios) more easily and effectively. The map is then converted into a matrix which
represents the occurrence of a criticality, row, in impacting a given effect, column. The
translation of the map into a matrix is useful to numerically detect which criticalities
generates most of the problems within the set of the six processes analyzed and conse-
quently to propose a set of solutions able to address the most critical areas. Based on that,
the fifth step of Fig. 1, “Solution roadmapping”, is reflected into the prioritization of the
solutions to be proposed based on the key criticalities identified and based on a further
quantitative analysis of inefficiencies (e.g., waiting times, time dedicated to not value
adding activities etc. extracted from database exports). More specifically, the authors
identified 3 areas of intervention: 1) Process: including those actions of improvement
which require a redesign of the processes and/or a change in the approach adopted to
carry them out; 2) Technology: including those actions of improvement which involve
the selection, implementation and integration of Information Systems and/or 14.0 tech-
nologies, 3) Training: including all those actions of improvement aimed at enlarging the
competences of workers, at every hierarchical level, both in technological and procedural
terms and/or at setting up a digital culture. This categorization was developed not only
to clarify the drivers of the solutions but also to stress the importance of a multi-layered
approach to DT. Indeed, the technological evolution of the system must be anticipated
by reviewing processes to be digitalized to minimize the risk of digitalizing the ineffi-
ciencies [12]. On the other hand, the change in the technological configuration of the
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system as well as the re-engineering of the processes must be supported by a proper edu-
cation of the individuals operating in the system [13]. The last step, “Projects selection”,
required the active involvement of both the authors and the firm’s stakeholders. Indeed,
it consisted in the prioritization of the solutions to be developed, the identification of the
expected efforts and logical constraints and the chronological distribution of the solu-
tions themselves. As suggested by [8], the activity needs to be conducted collectively
to ensure the maximum commitment of all the managers involved and alignment with
corporate objectives. In this phase, the objective was to define the actual action plan and
ensure its robustness and feasibility. In particular, in terms of robustness, the authors
have focused on the logical and technological priorities that might link different projects
[14]. Hence, the requisite of robustness was mainly functional to the definition of the
macro-phases of the roadmap developed and the positioning of solutions within each of
them. In terms of feasibility, greater attention was devoted of the level of expected effort
for each process and consequently on levelling them according to the actual resources
available. It is worth specifying that the evaluation of effort, although shared with the
managers of the case study firm, was defined in a qualitative way, and considered the
following drivers [15, 16]: (i) Expected Full Time Equivalent (FTE) needed; (ii) Capital
invested; (iii) Cross-functional coordination needed; (iv) Numerousness of the functions
involved; (v) Numerousness of the processes modified; (vi) Coordination with external
stakeholders needed.

5 Results from the Extended Model Application

In this section, the results of the application of the extended model is presented. The
company subjected to the analysis is an Italian family-owned SME operating in the A&D
sector. It is specialized in the design, development, production, maintenance and logisti-
cal support of defense equipment, structural components and ground support equipment
of fixed-wing and rotary-wing aircraft and employs around 200 workers. Given the
peculiarity of the industry, where the requisites are often fixed and rarely negotiable,
the company adopts an Engineer to Order (ETO) approach. However, an element of
stability in design and engineering effort is provided by the long lasting of the programs
(i.e. the products) contracted. The CEO wanted to perform this assessment since within
the organization some criticalities (unknown yet) were perceived as affecting processes
efficiency. Hence, first it was posed the attention in formalizing and making evident
those problems. For this reason, the scope of the analysis consisted in the definition
and prioritization of the solutions addressing the criticalities collected to cope with the
long-term corporate objectives: i) Increase in control over the processes; ii) Increase in
process management efficiency; iii) Preserving the high product’s quality standards; v)
Supporting the expected increase in volumes. Due to the peculiarity of the industry, some
information collected and analyzed, even if crucial for the prioritization of the interven-
tion, will be omitted. The case study was conducted in four steps reflecting the structure
of the next sections: Task 1: AS-IS critical analysis of processes; Task 2: Identification
and prioritization of existing critical issues; Task 3: Identification and prioritization of
improvement projects; Task 4: Roadmap development.
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5.1 Digital Readiness and Criticalities Identification

The analysis of the AS-IS situation shows an overall maturity index equal to 3 as depicted
in Fig. 2. First, it emerged that the “engineering” and the “supply chain” processes
were those more ready towards a DT. This was especially driven by the commitment
of the managers of these functions. On average the different processes were instead
characterized by a poor control over the processes and clear difficulties in terms of
coordination and collaboration among departments.

Ingegneria Produzione Qualita

Processo Processo Processo

3

Organizzazione O Controllo Organizzazione 4 Controllo Organizzazione 4 Controllo

Tecnologia Tecnologia Tecnologia
Manutenzione Logistica Supply Chain

Processo Processo Processo

2

Organizzazione A Controllo Organizzazione Q Controllo Organizzazione & Controllo

Tenologia Tecnologia Tecnologia

Fig. 2. Process maturity index

No processes were considered advanced from a technological perspective thus prov-
ing a pervasive inadequateness of ICT systems. Such gaps, in parallel to the low reliability
on data quality, resulted in a general adoption of locally-stored files (mostly Excel doc-
uments) developed and used by individuals to manage their processes [17]. In addition,
it emerged that the spread of home-made files turned out to reinforce the misgiving
towards the IT systems. Overall, 38 main criticalities were detected and based on an iter-
ative process these were clustered according to six macro categories: 1) Misalignment
between purchasing and production Lead Times (LTs) and LT deemed acceptable by the
market: 2 criticalities; 2) Process and product data not sufficiently disclosed among the
functions and generated and managed outside the IT systems: 6 criticalities; 3) Process
and product data not sufficiently reliable, manually input in the I'T system and not unique:
8 criticalities; 4) Unsuitability of IT systems: 13 criticalities; 5) Lack of physical and
logical Track & Trace of products and components throughout the procurement, produc-
tion and delivery cycle: 3 criticalities; 6) Lack of codified and standardized procedures
and methodologies: 6 criticalities. The identification of criticalities was backed by a
quantitative approach which consisted in the analysis of 25 locally-stored files exploited
by the departments during their activities, the ERP system and more than 40 documents
ranging from procedures to follow up to performance reports. This analysis was benefi-
cial for two main reasons:, it allowed the company to understand the real impact of the
processes inefficiencies and, it supported the authors in estimating the expected benefits
of the solutions proposed. To report an example, the time spent for not value adding
activities (e.g., photocopying, manual delivery of documents etc.) proved to be to most
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critical. Design & Engineering areas, namely Research & Technology and Engineering,
proved to be acutely affected by such waste which accounted, for Engineering, for up to
71% of the time spent by an FTE.

5.2 Prioritization of Criticalities

Once the criticalities were identified, the analysis of the links among criticalities and the
related effects has been performed by using the PCIM model. Figure 3 shows the map in
which all the linkages have been identified. All the criticalities are represented through a
colored square based on the 6 macro-categories of criticalities defined while the effects
are represented by pink hexagons. Overall, 32 effects coming from 50 criticalities have
been collected. The links in the maps, once jointly validated with firm’s managers, have
been elaborated, into a matrix, through the PCIM model to quantify the occurrences of
each criticality impacting on each effect.

Fig. 3. PCIM graphical visualization

More specifically, each criticality has been mapped across the effects as well as
each effect has been mapped across all the effects emerged to quantify the secondary
effects weight. This enabled to quantitative evaluate how many times a criticality creates
an effect looking also to the secondary effects. Last, to tailor the possible solutions to
be proposed in accordance with the main criticalities observed, the matrix developed,
linking the criticalities and the effects, has been divided into four quadrants based on the
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Pareto law. With regards to the most relevant critical issues in terms of relationships with
the effects found, it was noted that 50% of them account for 80% of the concatenations
detected. Shifting the analysis on the most impacted effects, there is a high preponderance
of those concerning the increase in times spent in not value adding activities. More
specifically the main criticalities emerged are the following: Misalignment between
time to market and supplier’s delivery LT (C1), Data manually managed and not visible
to functions (C2), Unreliable and not unique data (C3), ICT systems’ inadequacy (C4),
Poor materials and products track & trace (C5), Lack of standardized procedures and
methodologies (C6).

5.3 Solution Development

Based on the PCIM, 50 different detailed solutions have been proposed. Afterwards,
they were clustered according to 6 main areas of interventions described below:

1. PLM (S1): Introduction of a PLM system capable of supporting the efficiency of
the process of data sharing from the technical department towards the others and
of developing different Bills of Materials (BoM), like E-BoM, M-BoM etc.. This
system needs also to be designed for the documentation management of the product
currently managed by the various functions (e.g. Quality); (covering C2, C4)

2. ERP (S2): Update or replacement of ERP in use to meet the business requirements
found (e.g. robust robustness, reliability of data, ability to manage different BoMs,
purchasing procedures, planning, and warehouse); (covering C2, C4, C5)

3. ERP-MES (83): Introduction of a system for visualizing and monitoring the pro-
duction processes and assets which guarantees the product tracking. The system,
identified as the MES, needs to be integrated with the ERP to enable consistent
decisions based on the actual assets’ performances; (covering C2, C4)

4. PROCESS REDESIGN (S4): Review of part of the procedures and process logics
in use aiming to optimize and align them with the needs of the market. This project
was designed also considering to the TO-BE information systems; (Covering Cl1,
Co)

5. 14.0 (S5): Introduction of systems based on business intelligence and Machine
Learning in order to make internal business processes more effective and efficient;
(Covering C3, C5)

6. TRAINING (S6): Definition of training programme for staff at all hierarchical levels
to raise awareness about the functionalities and benefits of digital technologies.
(Covering C1, C2, C3, C4, C5, C6)

These proposed solutions addressing the key criticalities were also mapped along a
timeline to highlight the prioritization in terms of both urgency and links. Hence, such
blocks were organized as depicted in Fig. 4. The roadmap generated was composed
by three transversal projects: cybersecurity, ICT systems integration and training which
supported the projects on the organization, the update of the already existing systems
and the implementation of the new ones. It is worth clarifying that the definition of such
roadmap does not represent a standard of clustering of solution but rather was jointly
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defined with the management to support them to tackle the DT project into manageable
and self-sustained sub-projects, defined based on an analytical and objective model.

Effort

: | 1
i I ICT systems integration 1 ® o
|
'
'
‘
1

New
implementat
ions.

Cross- fumhonal
DfOJeds

KPIs Traceability &
New CODP P management and Factory of the Future
Monitoring oIk

Fig. 4. Final roadmap

6 Discussion and Conclusions

This paper aimed to support manufacturers, operating in complex contexts like A&D
sector, in undertaking a properly design DT. Therefore, based on literature review and
workshop-based research, a new method was developed to quantify the criticalities
emerged from the assessment to design a roadmap. This method, the PCIM, objec-
tively clarifies the key criticalities to address through specific solutions. The proposed
extended model, DREAMY4.0-PCIM, relies on six main phases and was applied in
one A&D manufacturing company. The manuscript evidenced a successful integration
of the tools which resulted into a comprehensive, cross-functional, and multi-objective
roadmap for manufacturers operating in complex contexts. It enabled to first evaluate
strengths and weaknesses of the different processes and quantify the criticalities. The
following research presented some limitations related to the adoption of the single-case
study approach and the limited focus on quantitative benefits achievable from the solu-
tions proposed. Hence, the authors suggest to consider the following activities to expand
the research: to implement a complete review of the organizational structure that may
consider also the departments supporting operations with the aim of maximizing the
effectiveness of the solutions, to deepen the micro-processes of the areas investigated
to eliminate the macro-issues not tackled in this study, to support the firm in redesign-
ing processes and selecting and implementing the adequate IT and 14.0-related tools
suggested.
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