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ABSTRACT

Digital transformation is a strategic transformation process,
built on two main founding bases; firstly, identifying the
dimensions of a company's digital transformation, secondly,
the digital pre-transformation multidimensional assessment.
This paper introduces the development of a multidimensional
digital pre-transformation valuation system, proposing to
start this exercise by assessing the ICT dimension. The
approach adopted in this work consists in identifying the
evaluation criteria, defining measurement tools for these
criteria, in order to deduce the ICT maturity levels. The
findings present a triaxial ICT assessment model. The model
axes are access, content and use. These axes represent the
criteria to be qualified, by a questionnaire, in order to identify
the ICT maturity level of a company.

Key words: Digital transformation, ICT, Assessment Model,
Maturity Model, Information Technology.

1. INTRODUCTION

Due to its socio-economic challenges, Digital transformation
(DT) is one of the topics of most concern to the international
community. In particular the researchers, who are trying to
elucidate this concept in order to provide all stakeholders with
the elements necessary to carry out a digital transformation.

Several definitions of DT are proposed in the literature, and
generally result from a precise perception of DT, in particular
[1]:

- The technological vision, defining DT by the use of new
digital technologies;

- The organizational vision, defining DT by organizational
transformation and the creation of new business models;

- The social vision, defining DT by all of the digital
phenomena influencing the individual lives.

We define DT by a new development model, which calls for
the re-definition of the product and service offer [2] and the
relationship of the company to its customers, through a
multidimensional business transformation process.

433

The multidimensional aspect of this transformation was the
subject of previous work [3], which allowed the identification
of the dimensions of a DT, namely:

Structural ~ Dimension:  Involves  changing the
organizational structure, processes and skills needed to
exploit new technologies;

Informational Dimension:
management;

Environmental Dimension: Includes macro-environmental
factors influencing ICT integration (Regulatory Framework,
Resources);

Security Dimension: Includes; IT security (hardware,
application and network), data and human security and
environmental security;

- Quality Dimension: Consists of the quality of the product
and service resulting from Digital Transformation;

Financial Dimension: Consists of investment / return on
investment;

Cultural Dimension: Consists of all the values and
behaviors shared by a community / ICT Culture;

Innovation Dimension: Includes innovation in technology
design, technology processes and ICT Management;

Participative Dimension: Consists of the
collaboration/interaction of any stakeholder, including the
user.

Involves data/information

In fact, thinking about the DT of a company presupposes a
study of what already exists, which must cover all the
aforementioned dimensions. We believe that the assessment
of these dimensions is a prerequisite for the definition ofa DT
roadmap.

It is commonly recognized that the key dimension of TD is the
environmental one, precisely in its technical and
technological components [4, 5, 6, 7, 8]. In the rest of this
paper, we will designate the environmental dimension by the
term ICT (Information and Communication Technology).

In this paper, we discover the pre-DT assessment field
practices through a case study, before launching a reflection
on the pre-DT evaluation systems initiated by the assessment
of the ICT component by proposing an assessment model.
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This paper is organized into 5 sections. After introducing the
context of this paper, we present in the second section the
multidimensional nature of the DT, before focusing on the
ICT aspect. Subsequently, in the third section, we use a case
study to identify the main gaps of pre-TD evaluation practices
on the ground, which we are trying to overcome by proposing
an ICT assessment model, within the framework of a
multidimensional pre-digitalization evaluation system,
presented in the fourth section. We conclude in the fifth
section with a sum-up of the key points of the paper and its
potential perspectives.

2. ICT AND DIGITAL TRANSFORMATION
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This section deals with the different dimensions on which DT
should be based, with a focus on the ICT component, as we
aim to evaluate it in this work.

In the paper [3], we explain our transverse vision of DT,
covering the several aspects of the company identified in the
context of this work and from which result the ontology of DT
presented in Figure 1.

We encourage companies to adopt this vision in order to seize
the economic opportunity of DT, to thwart a general trend,
from the debate on DT that we consider problematic: the
media craze and the focusing on technology leads to lose sight
of the concrete economic utility of DT.
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Figure 1: Ontology-Based Model for Digital Transformation’s knowledge [3].

In the paper [9], we explain that companies tend to think of
DT from the only perspective of improving the cost-profit
ratio, focusing solely on the introduction of ICT into existing
processes. Rather than radical, multidimensional changes,
companies make small-scale attempts by IT adopting. Which
imply failing to consider DT as a coherent strategic
transformation process to be applied as a whole [10],
involving that the concrete benefits are lacking.

Nevertheless, by alerting the companies to this widespread
restrictive technological vision, we do not discredit this
dimension, but we qualify the perception customary made of
it. ICTs are indeed the cornerstone of DT, but as a necessary,
but not sufficient, component of DT.

According to the ontology, the dimension covering ICTs is
the environmental one, including the macro-environmental
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factors that influence DT in particular; the regulatory
framework governing the environment to be digitized and the
available resources to do so. And it is precisely at the level of
resources that the ICT aspect is categorized.

The survey of the report [11] confirms that practices on the
ground are opposed to our multidimensional perception of
DT, in particular in terms of pre-digitalization assessment,
which is generally focused on ICT limitations for the purpose
of massive process automation. The study in the next section
confirms this fact.

3. FIELD PRACTICES: INDUSTRY CASE

This section’s purpose is to present a typical case of a pre-DT
assessment project in order to identify the practices on the
ground on this subject and the potential flaws that they
present, and which this work proposes to remedy.
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Indeed, and as explained in the previous section, it is common
in the professional environment to restrict DT to ICT
integration, which implies that any initiative to assess the
existing preceding such transformation, is limited to the ICT
diagnosis.

The case presented in the following has been studied in-depth
in paper [9], and confirms this observation in the context of a
Moroccan industry.

3.1 Factory presentation

For confidentiality reasons, the studied industry will be
referred in the following by Factory. It was founded in 1997 in
Morocco. Its main activity is to manufacture and market
sugar and chocolate confectionery. It currently has more than
15,000 m2 of modern manufacturing facilities, storage and
shipping of a wide range of products. With an average
production capacity of 12 tons/day and a workforce of 250
employees, Factory is the leader in its sector.

3.2 Pre-DT assessment

Digital transformation is a project entirely led by the IT team.
The study of the existing consists of the study and the
evaluation of the infrastructure and the operating IT.

Factory's industrial communication infrastructure is arranged
in a star-shaped layout, all machines located in industrial
plants communicate via the Profibus protocol with a master
PLC that is connected to a server via the Profinet protocol.

Each product is cooked in a cooker fed by raw material tanks
controlled by "Gravomats". Siemens PLCs that execute
instructions ordered according to the predefined recipe in turn
control "Gravomats".

The PLCs are used to collect data, namely process parameters
(cooking temperature, pressure, etc.), states (on/off) and
meters (number of pieces produced) trough sensors installed
on each cooker. The collected data is sent by the Profibus
protocol to secondary PLCs (slaves) to be finally routed to a
Master PLC directly linked to a server by a Profinet,
processing them according to Factory's business needs.

Factory has a customized MES covering the features bellow:
Production monitoring reports generation ;
KPI Visualization: MTBF, Efficiency, TRS, hour rate, %

PP gap ;

Real-time monitoring of different process parameters;
Material consumption monitoring ;
Qualification of major stops ;
Control command system.

Concerning the MES limitations, it is mainly because of the
high development cost and time, random and unstructured
updates, lack of connection with the ERP.
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As for the infrastructure’s limitations, it is essentially its
cumbersome aspect, no control/no correction of stored data,
and incompatibility with Siemens MindConnect.

3.2 Results Analysis

Two key findings can be raised from the case of Factory's
pre-DT assessment, assuming that we only evaluate the ICT
component, namely:

There is no prior framing of the ICT components to be
considered in the evaluation exercise;

The evaluation relates systematically to an existing
production process, which the company aims to improve
using the technological tool.

The diagnosis consists in identifying a production link with
deficiencies, and injecting ICT tools to remedy these.

This observation is predominant in the professional place. If
with such assessments companies succeed in taking corrective
actions, in the short term and on a small scale, nevertheless,
they miss the opportunity to structure a constructive ICT
integration process, resulting itself from a strategic DT
process.

Based on this observation, we consider it relevant to start the
multidimensional evaluation exercise of a company’s
predisposition to conduct a DT, by the ICT / technical and
technological component, which is an assertive reality in any
Digital perception in companies.

4. 1CT ASSESSMENT MODEL

Every company that want to think about its digitalization
should assess its existing in terms of DT
dimensions/sub-dimensions, identified in the ontology.

The purpose of the multidimensional pre-DT diagnosis is to
situate the company in the digital field and to define a DT
tailor-made strategy, which takes into account the context, the
resources, the needs and the objectives of the company.
Hence, Assessment is not only a challenge to complete [11]
but conditions the approach and the success of a DT [12]. It is
therefore important to support companies in this exercise by
providing them with a multidimensional assessment system
[12, 13].

For the aforementioned reasons, justifying the interest in ICT
in the context of a DT, whether in the scientific or
professional environment, the pre-DT diagnostic exercise is
initiated by the assessment of this component (provided we
evaluate the other dimensions mentioned above).

The approach adopted for this work is based on the steps
described in Figure 2 [14, 15]:
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Evaluate ICT
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ground

Define tools for
measuring ICT

assessment
criteria

Figure 2: Four step procedure to assess ICT maturity

Referring to the paper [16], dealing with a platform readiness
evaluation, on the ICT level, to carry out a Smart City project,
the determining criterions compatible with this assessment
work, are the following:

Use: consists of the meatware, being human entities that
operate or use ICT.

Content: integrates software content/application
allowing the user to access to data and services.

set,

Access:  to ICT is achieved through the
infrastructure/infostructure  (hardware and  network)
integrating telecommunication technologies as well as
electronic and mechanical technologies related to ICT [17].
Once the axes of ICT evaluation identified, we used the
DT-ontology in order to establish the detailed components of
every axe. In result, we obtained a triaxial model, presented in
Figure 3 [18], that we developed based on the notation
explained in [19] and previously used at the onto-DT [3].

This guidance model interest is to enable a company to define
the ICT evaluation criteria’s elements. It is about drawing up
an ICT inventory and its appraisal that any company that
undertake a DT should establish. It is indeed a key step to
ascertain the ICT initial speed of the company.
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Figure 3: ICT assessment model.

To determine a company’s positioning in relation to the
criteria previously identified in Figure 3, we propose to use a
measure tool [13, 15] of the different ICT components. It is
about submitting the questionnaire presented in Table 1 to
companies. These questions are proposed for guidelines
purpose only [20] and can be enriched according to company's
activity sector.

The ICT potential differs from one company to another, and
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depends obviously on its ICT capital. Hence, the interest of
this evaluative questionnaire, the answers to these questions
enable to level the ICT maturity [21]. Indeed, we propose to
collect these responses from stakeholders, and use them to
identify the level of ICT inclusion in a company. Accordingly,
and based on the management rules explained in table 2, an
ICT three-level maturity grid can be proposed: low, moderate
or high ICT maturity level.
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Table 1: ICT maturity questionnaire.

Questions | Existing] Appraisal
1. Access
1.1 Hardware 1.1.1. Input Identify the available Input | ......... Low
Platform/ devices devices of the company. | ......... Moderate
Technical Hiah
Tools _ - - d
1.1.2. Processing Identify the available | ... .. Low
and Internal Processing and Internal | Moderate
devices devices of the company. High
1.1.3. Output Identify the available Output | ... ...... Low
devices devices of the company. | Moderate
Appraise their capacities High
1.1.4. Storage Identify the available Storage | ......... to assimilate a Low
devices devices of the company. technological renewal Moderate
""""" within the scope of a DT. High
1.2 Network 1.2.1. Identify the available network | ......... Low
Platform Equipment equipment of the company. | Moderate
High
1.2.2. Network Identify the network links | | ... . Low
links provided. | Moderate
High
1.2.3. Identify the communication | .. ...... Low
Communication protocols used. | Moderate
protocol High
2. Content
2.1 Software | 2.1.1. Programs Identify the available | ......... Does it cover all the Low
Platform operating system of the | ......... company’s business Moderate
company. processes *? High
3. Use
3.1 Meatware 3.1.1. Users/ Identify the ICT human | ......... Appraise the ability of the Low
Skills capital of the company. | ......... ICT skills to assimilate a Moderate
Identify the ICT skills of the technological renewal Hiah
company's human capital. within the scope of a DT. 9

management processes.

* Presupposes that the business process mapping of the company is established, including; support, implementation and

Table 2: ICT maturity level grid.

ICT maturity
level
management
rules

If the number of ‘Low’ responses
obtained is dominating

“Low’ ICT maturity
level

ICT system must be reviewed in the case of
technological renewal resulting from DT

If the number of ‘Moderate’
responses obtained is
dominating

“Moderate’” ICT
maturity level

ICT system must be upgraded in the case of
technological renewal resulting from DT

If the number of ‘Moderate’
responses obtained is
dominating

“High” ICT
maturity level

The ICT system can support in the case of
technological renewal resulting from DT
* provided to identify the improvement areas.
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Outside of this study, and with the aim to gauge the ICT
maturity of a company in the field belonging to an emerging
bank, that wants to launch a reflection on a DT strategy. In
Table 3, we do not detail the ICT capital of this bank, which
was able to establish an ICT inventory using this
questionnaire. Nevertheless, we submitted this questionnaire
toan ICT manager; from the banking sector and we resume in
the following the appraisal made of it.

The assessment exercise is a prerequisite for any evolving
process that a company may launch. The one interesting us

consists of the DT, which requires a multidimensional
appraisal of the company, namely the ICT dimension.

It is precisely the purpose of this section, to identify the ICT
maturity level through an ICT evaluation grid. The ICT
maturity level is considered the first ‘input’ feeding the
reflection on the company's DT strategy that must be
completed by the other ‘inputs’ resulting from the evaluation
of the other dimensions.

Table 3 :. Exemple d’évaluation ICT.

Input devices Low Storage devices Low Communication Low
Moderate Moderate protocol Moderate
High High High
Processing and Low Equipment Low Programs Low
Internal devices Moderate - Moderate Moderate
High High High
Output devices Low Network links Low Users/ Skills Low
Moderate Moderate Moderate
High High High

Result: Most of the ICT components are considered of ‘Low’ capacity to support technological renewal within the scope of a DT.
The entire ICT system must be reformed in the process of the DT strategic transformation.

5. CONCLUSION

Our reflection on DT is based on three main interdependent
and sequential lines of thinking, namely: the identification of
DT dimensions of a company, the multidimensional pre-DT
assessment, and the setting up of a multidimensional DT
process.

Regarding the second axe, this paper initiates the building up
of a multidimensional pre-DT assessment system, in a
decomposed way, as it proposes to treat the topic starting by
the analysis of the ICT assessment components, using a
triaxial model, from which ensue an ICT assessment
questionnaire and an ICT maturity grid.

This work is considered as a first step of the evaluation
process that should imperatively be completed by the
appraisal of the other DT dimensions. Ideally, the correlation
of several assessment models set up by dimension can lead to
establish the multidimensional pre-DT assessment system
mentioned before. Which is a prerequisite to set up a
multidimensional roadmap/process to DT.
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