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Abstract :

The digital transformation of society is not a recent topic. Technology is everywhere, via connected
watches, in our pockets with our smartphones and at home with connected objects. It connects us to a world
that makes our lives easier and creates interconnections between people and businesses. This new world
created by us and for us uses our data to facilitate our daily lives and deepen our links with consumption.
The emergence of new tools based on Artificial Intelligence, and some technological transformations based
on Big Data, as well as the development of the use of Internet of Objects, push for a profound change
impacting all the business processes of the enterprise. A large number of studies have been conducted in
the field have tried to give a comprehensive portrait to understand some aspects of digital transformation
better. The purpose of this study is to form a basis for future studies which may help future studies to
understand the digital transformation and its characteristics better and also to build a framework of digital
transformation. The purpose of this study is to give a comprehensive state of the art of digital transformation
through a review of 164 that can serve as a basis for a roadmap for digital transformation.

Introduction :

Nowadays, Companies are changing due to new information and communication technologies, but few have
understood how to reap the benefits of this phenomenon. The digital transformation (DT) is essential for all companies,
regardless of their size and sector of activity. Beyond the dematerialization of work processes, this approach allows
companies to optimize their operations, and to gain in performance, efficiency, and competitiveness through the
adoption of a new management mode, new tools, new methods of work but also new reflections and organizations.
The DT has become a significant topic of concern and a strategic issue for all organizations. It offers new opportunities
for companies, beyond their traditional activities, by accelerating their growth and creating sustainable competitive
advantages and security of operations.

The DT increases the profitability of the company by simplifying processes and interactions within the company. The
technologies linked to the DT such as Big Data, Artificial Intelligence, Cloud Computing, Social networks and the
Internet of Things, offer new uses based on innovation and focused on the needs of the consumer. The use of these
tools has become a vital issue for companies of all types of activities, sizes, and nationalities. However, the
implementation of new technologies is not sufficient to make the digital enterprise, it is a broader phenomenon, which
supposes not only the use of new digital tools but also the changes of the critical business elements, including strategy,
business model, business processes, organizational structures and organizational culture (V. Arribas and J. A. Alfaro,
2018). It is a way of culture to appropriate, not only within companies but also in everyday life. Strategy, as well as
changes to an organization, including its structure, processes, and culture, are required to yield the capability to
generate new paths for value creation.
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In recent years, a large number of studies tried to give a definition and also a solution to manage the digital
transformation successfully. Despite this significant number of studies that have been conducted, a little attempt has
been made to systematically translate these findings into a comprehensive review. However, there is still a lack of
frameworks and guidelines for companies on how to navigate such radical changes (B. Bygstad, H.-P. Aanby, and J.
Id, 2017) (S. Chanias and T. Hess, 2016). In this paper, we intend to provide a research agenda on digital
transformation with new perspectives, based on systematic literature review method that allows us to explore all
aspects of the existing literature and empirical evidence. For that, we tracked the recent academic and trade literature
to find research in this field. We will give more insight into the literature and so on the research methodology in the
next section.

The complexity of the issues involved required a systematic review exploring all aspects of the existing literature and
empirical evidence.

1. Research Methodology :

This study aims to examine the literature on digital transformation. For it, we used a systematic approach following
Okoli and Schabram (2010) protocol to review a large number of refereed papers published between 2014 and 2019,
from which a large number of documents relating to digital transformation could be extracted, and they were selected
for analysis.
The systematic review has allowed us to gather all the relevant and valid information concerning the digital
transformation through its rigorous and well-defined approach that perform strict rules and a clearly defined protocol.
It aims to limit systematic error (bias), mainly by attempting to identify, appraise, and synthesize all relevant studies
by using a specific methodology.
Our systematic review contained four steps following the Okoli and Schabram protocol (Okoli, et al., 2010):

Figure 1. Okoli and Schabram protocol of systematic review (Okoli et al., 2010)
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The approach used in this research consisted of both a quantitative and qualitative analysis to reduce potential bias. A
qualitative approach is centered on the content of the literature, and a quantitative approach based on Bibliometric
review by using "Publish or Perish" a free-of-charge analyzing software program. It uses the Scopus database to obtain
the raw citations, then analyzes these and presents the following statistics: Total number of papers, Total number of
quotes, Average number of citations per paper, Average number of citations per author, Average number of papers
per author, Average number of citations per year, Hirsch's h-index and related parameters, Egghe's g-index, The
contemporary h-index, The age-weighted citation rate, Two variations of individual h-indices, An analysis of the
number of authors per paper. Both of these approaches were complementary to conduct our study.

1.1 Planning :
- Research Identification :
To achieve the objectives of this paper, a systematic review approach is adopted. As the first step for our study, we
specified a problem and reformulated a goal in the form of a clear, structured, and unambiguous question before
starting as the protocol indicated. The digital transformation, as well as its impact on industrial business, are of
particular interest. For that, we investigated the following questions.
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RQ1: Which publication channels are the primary targets for digital transformation?

RQ2: How has the paper publication frequency on the topic of digital transformation changed over time?
RQ3: What are the type of papers (conference/Journal)?

RQ4: How we can define digital transformation on industrial business context?

RQS: What is the impact of digital transformation on industrial business?

1.2 Selection:
- Research strategy :
The search method used in our study is called a boolean search ( AND/OR ). We tried to combine different terms
using the OR and AND logic operator. The Literature search has focused on scientific articles published in English
between 2015 and 2019. A set of relevant keywords were selected through previous articles and paper in the same
field or with similar scope, and the final terms used can be seen in table 1. The different compositions of terms were
searched in keywords, abstracts, and title. The search string used is : [(“Digital transformation” OR “Industry 4.0” OR
“Industrie 4.0” OR “Smart Factory” OR “Digitalization” ) AND (“transformation” OR “management” OR “change”
OR “strategy” )]

Table 1. search terms and keywords

IT Context Transformation
“OR” Context
“OR”

“Digital” AND “transformation”
"Industry 4.0." “management”’
“Industrie 4.0” “change”
“Smart factory” “strategy”’
“Digitalization”

Through the Scopus digital libraries, we have done our research by using different methods with a specific
configuration of the search string. Scopus is considered as the largest database of citations and abstracts from peer-
reviewed bibliographies and quality websites and has a broad coverage of different disciplines and topics. It includes
intelligent tools to track, analyze, and visualize searches.

Table 2. systematic review process

Institute for Scientific information — SCOPUS

Criteria Filters

Restriction Topic ( Title, abstract, Keywords )
Documents type Articles and conference proceedings
Language English

Years 2014-2019

1.3 Extraction:

- Quality appraisal:
The initial selection was not limited and included papers from other research fields in the results since we did not
apply any restrictions. Since the objective of this paper is to provide a comprehensive overview of the research fields
that focus on issues concerning digital transformation contexts and explore its impact on industrial business, we refined
the search results according to some quality measures.
First, a manual check of the content of the full articles, the abstracts, and the title was performed. Then, we defined
selection criteria which studies are included or excluded.
-Inclusion criteria:

-The review should be related to digital transformation and must relate to the research question.

-The publication must have a transparent methodology.

-The research must come from trusted resources and journals

-The publication year of the papers must be published between 2014 and 2019.
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-Paper had to be written in English.

-Exclusion criteria:

-The study is an editorial, Keynote, opinion, tutorial, workshop, summary report, poster or paper such as
unpublished articles, master's theses, and books. Such documents have been excluded since such articles are
usually not peer-reviewed.

-Study’s full text is not available.

The exclusion criteria were applied using the OR logical operator between them.

The application of the search string in the Scopus database allowed us to generate 620 articles. We started the articles
filtering phase by applying the inclusion criteria. We limited our field of study to journal articles and conference papers
published between 2014-2019 and written in English. Then, Based on their title, keywords, abstract, and perhaps the
full text, we have been able to select the articles that will allow us to answer the RQs. The exclusion process resulted
in a total of 164 papers from the Scopus database.

- Data extraction :

a. The occurrence of papers by year of publication

From 2014 to 2018, a large number of papers on digital transformation appears annually. From 2016, the number of
papers appeared on the digital transformation significantly increased with an increase of over 20 articles per year. The
number of papers published since 2016 is twice as much as before these demonstrate that the field of digital
transformation had gained importance.

58% of the total number of papers, journals articles, and 42% are conference proceedings. The emergence of the field
is demonstrated by the graph ( Fig 2. ) that illustrate the 164 papers published over the years. The figure ( Fig 2. )
shows that the highest percentage of articles published is 29% in 2018, and the lowest one is 7% in 2019, knowing
that the work continues in this year, and it is expected the increase in the number of the paper published by the end of
the year.

Figure 2. The occurrence of papers per publication year ( n=164 )
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b. Distribution of papers by country of publication:

Besides, a classification of the country that most contributed to the field have been made ( Table 3.). It has been noted
that the countries that have contributed the most are the so-called industrialized countries as Germany, the United
States of America, Russia, with 34%, 18%, and 7% respectively. Unsurprisingly, the United States and Germany are
at the top of the ranking. Influenced mainly by the size of their markets, these countries also have a strong education
and research system as well as a business-friendly environment. Behind these giants, Russia, the United Kingdom,
Australia are in the top 5. Even if the results of the digital transformation are less visible in these countries than in the
United States and Germany, these countries have fundamentals robust infrastructure, connectivity, and knowledge
development.
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Table 3. Country classification

Countries Classification
Germany 34%
USA 18%
Russia 7%
UK 7%
Australia 6%

c¢. Top 5 authors on the field by citation number :
We also extracted the top 5 authors on the area according to their citations numbers ( Table 4. ). To be specific at this
point, “Publish or Perish” already shows results of Scopus database arranged in order of overall influence and impact.
It takes into account various metrics, including the total number of citations.
The most impactful papers focused on the digital transformation strategy and tried to help practitioners with guidelines
to face the challenge and risks of digital transformation e.g., (C.Matt et al. , 2015) (T.Hess et al., 2016).
Table 4. Top 5 authors on the field

Authors Publication Cites Cites/year
C.Mattet al. (2015) Business and information 114 28.50
systems Engineering
T.Janowski et al. (2015) Government Information 96 24.00
Quarterly
T.Hess etal. (2016) MIS Quarterly Executive 71 23.67
A.Majchrzak et al. (2016 ) MIS Quarterly: 53 17.67
Management Information
Systems
R.Hansen et al. (2015) MIS Quarterly Executive 43 10.75

d. Distribution of papers by Journal :
We also explored the distribution of the articles per journal; the journal that had the largest number of publication in
digital transformation was MIS Quarterly Executive, which is a journal that encourages practice-based research in the
IS field and disseminates the results of that research into a much more relevant manner to practitioners.
Table 5. Articles distribution per journal

Top 5 Publications Journal Count % of 164
MIS Quarterly Executive 12 7.31%
MIT Sloan Management Review 4 2.44%
Future Generation Computer 3 1.83%

Systems
International Journal of Civil 2 1.22%
Engineering and Technology
Technological Forecasting and 2 1.22%
Social Change

"nons

We have performed a similar search in the Scopus database with the different term as " digitalization," "industry 4.0",
"smart factory," with the same filters, and we found a large number of papers, about 40.000 articles, conference
proceedings, and literature review.
1.4 Data synthesis and Qualitative analysis :
1.4.1  Digital Transformation as a new concept:

Digital transformation is a relatively new concept and has reached high popularity among researchers and practitioners
in the last couple of years. In perpetual evolution, we are witnessing a real revolution introduced by organizations. To
fully understand the concept of digital transformation, we should first define and differentiate between the terms
Digitization, digitalization, and digital transformation. The use of these terms until now creates a certain ambiguity
within the scientific community since most researchers use the terms interchangeably, whereas, in reality, there is a
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significant difference between the terms. It is necessary to distinguish between those three terms. Indeed, Digitization
means the conversion from an analog format into a digital format; it is the representation of information with a binary
language (0 and 1). It is the representation of information in any computer system. For example, we can scan a photo
with a scanner to store it on a CD.
While Digitalization means the use of digital data and technology to automate data handling and optimize processes,
it is the use of a computer system to automate or semi-automate processes. From this point of view, computerization
is term close to the digitization and is sometimes considered synonymous.
However, Digital transformation is a new concept frequently used by academics and practitioners, but which changes
form very often depending on the context in which it is used. As we go through the literature, we have noticed that
the term "digital transformation" is very widely used, sometimes wrongly, since there are no formal definitions in the
academic literature. Many authors attempted to define it and to discuss its concept, Table 6. Illustrates some unique
definitions.
Table 6. current definitions of digital transformation

Definition Source
Digital transformation strategy is a blueprint that | Matt et al. ( 2015)
supports companies in governing the transformations
that arise owing to the integration of digital
technologies, as well as in their operations after a
transformation.
Digital transformation is concerned with the changes | Hess et al. (2016)
digital technologies can bring about in a company's
business model, which result in changed products or
organizational structures or the automation of processes.
These changes can be observed in the rising demand for
Internet-based media, which has led to changes in entire
business models (for example, in the music industry).
The use of new digital technologies (social media, | Liere-Netheler et al. (2018)
mobile, analytics, or embedded devices) to enable
significant business improvements (such as enhancing
customer experience, streamlining operations, or
creating new business models).
Digital transformation as encompassing the digitization | Horlach et al. (2017)
of sales and communication channels and the
digitization of a firm's offerings (products and services),
which replace or augment physical offerings.
Furthermore, digital transformation entails tactical and
strategic business moves that are triggered by data-
driven insights and the launch of digital business models
that allow new ways of capturing value.

The use of technology to radically improve performance | *Westerman et al. (2011)
or reach of enterprises. *Westerman et al. (2014)
Karagiannaki et al. (2017)
The term is quite old, it first appeared in 2000 (Patel & McCarthy, 2000) and was linked to digitization, but now it
refers to a phenomenon related to new consumer uses and unique objects that directly impact current business models
and organizations. The first strict definition of the term appears in a book by Fors and Stolterman (Fors A. and
Stolterman E., 2004), where they described digital transformation as the changes that digital technology entails or
influences in all aspects of human life. Other researchers such as (Westerman et al., 2011) define digital transformation
as the use of technology to radically improve performance or reach of enterprises, and the creation of new business
opportunities through the use of digital data and technology.

It's no longer just business processes or macro processes that are affected by the change, but all business processes,
support processes, and the organizational design itself. These processes are entirely dedicated to the creation of value.
Indeed, Companies are called upon to rethink their operations and the way they interact with their stakeholders, to
adapt to new market behaviors, or to take advantage of technological tools in terms of innovation or productivity. The
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digital transformation is a disruptive or incremental change process. It starts with the adoption and use of digital
technologies, then evolving into an implicit holistic conversion of an organization, or deliberate in pursuing value
creation (Henriette et al., 2016). The different definitions for Digital Transformation (DT) may be categorized into
three distinct elements: (1) Technological — DT is based on the use of new digital technologies such as social media,
mobile, analytics or embedded devices; (2) Organizational — DT requires a change of organizational processes or the
creation of new business models; (3) Social — DT is a phenomenon that is influencing all aspects of human life by,
e.g., enhancing customers experience ( J. Reis et al., 2018 ).
Furthermore, Transformational changes are required to implement the digital transformation, which is related to
strategy, leadership, and organizational culture. The impacts of DT in any organization can be grouped into three
different levels: the transformation of the customer experiences, the transformation of business processes, and the
change of business models.
The transformation of consumer experiences in the use of products and services of the organization is expressed in
the in-depth study of market segments and their behavior in the marketing space, consumer behavior and loyalty,
interactive communication with customers in the sales process and many digital contact points between the
organization and the customers ( Schwertner, 2017) . Customers are more demanding and expect companies to listen,
understand, and be flexible about the evolution of their needs. In companies, users, by using new technologies in
private context, expect to use the same techniques at work. Especially for new generations, also known as "digital
natives" (Pardo et al., 2014), which are born surrounded by technologies. To bring a satisfying relationship to his
client, the organization must think about the coherence of its communication channels and integrate new market
monitoring systems, including the analysis of massive data from the Internet, which requires the development of new
infrastructures, and new skills.
Transformation of the business processes of the organization covers the automation of R&D, production and
distribution processes. Digital technologies also enable the capacity of people to work at different levels in different
functional areas. By automating, standardizing and globally sourcing processes, organizations can become more agile,
more responsive to changes in demand, and better able to increase and sustain profitability. Increasing distance work
at the employees' home, decision-making based on real customer relationship data helps to speed up a decision on the
availability of products in different production units ( Schwertner, 2017).
Transforming the business model is done through digital business modification, new digital business, and digital
globalization. These processes take place by adding digital content to existing products and services and introducing
new digital solutions ( Schwertner, 2017).
1.4.2 Technology trends in the digital transformation

Big data, cloud computing, the Internet of things, and blockchain are trends that form the technological basis of digital
transformation and significantly influence it. Their applications are spread across different industries and departments.
With all the benefits of digital technologies, they are also a big challenge for the company. In particular, the use of
new technologies requires the networking of various specialist departments and the development of new skills among
managers and employees.

- BigData
On the one hand, big data refers to a large or complex amount of continuously changing data that can no longer be
analyzed with conventional analysis methods and data processing tools. On the other hand, this also includes the sum
of the data processing technologies and analysis methods that have been developed in recent years to collect and
evaluate a large or complex amount of data (Reichert, 2014, p. 40). The characteristics of Big Data can be described
by Doug Laney through the three "V's", volume, variety, and velocity. (Laney, 2001).
Big Data includes all data from social networks, call centers, genomic data, biological research, and medicine. In the
industry, the proliferation of sensors is fueling companies with massive data. The data describing big data is
continually evolving.
In this new context, the key success factor for organizations is recognizing changes and reacting quickly and
intelligently. While the essential criteria for the business of the twentieth century have been stability and scale, the
new benefits are based on discovery and agility; in this environment, performance is guided by the ability to
continually leverage existing and new data sources to identify models and opportunities. (Davenport et al., 2012).

© IEOM Society International

923



Proceedings of the International Conference on Industrial Engineering and Operations Management
Toronto, Canada, October 23-25, 2019

- Internet-of-Things
The term Internet of Things (IoT) refers to the networking of physical objects via sensors and actuators with the
Internet or other networked systems. It allows objects to communicate with each other independently and perform
tasks for the user. Also, users can track and monitor the status of objects and even remotely control them. Besides,
networked sensors also monitor the environment, humans (Fedyk 2016, Manyika et al., 2015). The collected and
transmitted data can then be processed using Big data analysis methods and combined with other data, such as the
company's ERP or CRM systems.
It automates manual tasks, addresses complex problems and innovates from these new measures and treatments.
Currently, the IoT is still in the growth stage. While the number of networked devices was estimated at nine billion in
2015, this number is expected to increase to between 25 and 50 billion devices by 2025 (Manyika et al., 2015). Experts
estimate that the IoT will change everyday life in many ways (Manyika et al., 2015). The increasing networking of all
areas of life is already clearly recognizable through the growing use of, for example, smartphones or so-called
wearables, in other words, body-worn technologies such as smartwatches.
In the context of its application in production and industry, the IoT is known under the slogan "Industry 4.0", "Smart
Factory," "Industrial Internet of Things" or the fourth industrial revolution. These terms are understood to mean the
networking of company resources such as operating resources or storage systems for independent control and the
independent exchange of information (Kagermann, 2014). Also, networking in an industrial context will also impact
on the planning, operation, and value creation structures in factories, and will enable optimization and automation of
production processes (Kagermann, 2014).

- Blockchain
Blockchain is currently at the top of the Gartner hype cycle (Cearley, Walker, Burke, & Searle, 2017). So it is hardly
surprising that the technology, known above all as the basis of the crypto-currency Bitcoin (Nakamoto, 2008), has the
potential to change entire branches of economy: Classic banks, insurance or the interaction of machines in production
should be provided by the Blockchain technology either replaced or can be automated by programmable contracts that
are executed without human intervention or middleman (so-called smart contracts) (Tapscott & Tapscott, 2016). In
March 2017, the price of one unit of the cryptocurrency Bitcoin exceeded the value of one ounce of gold for the first
time and had since been called Gold 2.0 (Vigna & Eisen, 2017). Currently, Bitcoin and Ethereum's two top-cap
cryptocurrencies together have a market capitalization over approximately $ 80 billion (as at August 2017) and are
already accepted as a means of payment in some countries (CoinMarketCap, 2017).

1.4.3 Characteristic and features of the digital transformation

The digital transformation is one of the topics that will occupy the agenda of studies and management of many
companies for a long time. It is a permanent trend that is constantly being renewed by new generations of digital
technologies. Three characteristics can describe digital transformation.
Firstly, digital transformation is irreversible. New digital technologies or new technology deployment concepts may
be less effective early in their market launch than existing technologies or their deployment concepts. However, the
situation is improving as the transformation comes to maturity, removing pre-established solutions from their
dominant position in the market. Thus, the user of a digital innovation does not want to give up the comfort that its
use gives him. Renouncing the use of new technologies is unthinkable for many people even temporarily.
Secondly, digital transformation is inevitable. The current societal and economic context imposes the innovative use
of digital technologies to meet the challenges of urbanization and globalization of economic activities. Nowadays, all
companies are called upon to make this transformation to integrate the new digital ecosystem better and achieve this
leap towards modernity. Advances in digital technologies are now allowing companies to develop solutions to
complex challenges. Digital transformation has reached a threshold of maturity, from which many so far unsolvable
problems can be solved.
Finally, Digital transformation processes are still uncertain, but inevitable and progress extremely fast. The rapid pace
of development in digital technologies and their effects in many sectors make it difficult to predict which companies
will succeed in their transformation. We can also note an acceleration of innovation and change. Constantly
reinventing itself has become the claim of many companies. Competitivity has long since ceased to rely solely on the
physical product, but rather on its integration into an ecosystem of intelligent services.
Digital transformation is inevitable, irreversible, and inevitable. These three characteristics illustrate the fact that the
digital transformation of the economy and society is a process that can not be stopped and is in full expansion. While
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it is in the process of profoundly modifying the economy and the world of work in a general way, the digital
accompanies profound and rapid changes of trades. The possibilities offered by new digital technologies are pushing
companies to evaluate their potential for developing existing business models constantly.

Conclusion :

The digital transformation is an area in which the academic literature is most interested, but still requires a more in-
depth definition of the concept, a better understanding of the requirements, but also a strategic orientation in a long-
term perspective. To provide a better characterization for both research and practice, and therefore, to structure the
field of digital transformation, we carried out a systematic review.

In this paper, we have done a systematic literature review on digital transformation. The results of this study show that
there is still a large number of documents that attempt to explore it. Therefore, our findings contribute to the ongoing
research, and aim at better characterizing, analyzing the field and allowed us to highlight the understanding of digital
transformation in organizations and to identify useful research guidelines for future academic projects.

In this study, the time allowed for evaluating all articles is limited. A Large number of articles was published on the
different digital library in these five years, but we used only 164 articles belonging to the Scopus digital library for
quality assessment. Through this study, new exciting research opportunities have been found for future research.
Ultimately, we encourage further work that could provide valuable information to practitioners and support new
research and academic findings.
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