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Abstract

Digital transformation is one of the most evolving areas both in the research literature and in industrial applications. No
doubt that this process will be crucial in the survival of any manufacturing organisation in the future, especially during
the current COVID-19 crisis. This paper aims to present a review of the concept in the manufacturing industry through
the literature currently available on the topic. The literature was classified, and the results of each study were analysed.
From this review, six critical findings have been identified in this paper. First, this paper proposes a definition of Digital
Transformation and its concept development in the manufacturing industry. Moreover, significant challenges that exist in
the manufacturing industry in the implementation of the digital transformation process have been classified as well as the
major enabling technologies that help to implement the Digital Transformation. Finally, the benefits of implementing
Digital Transformation in the manufacturing industry and its impact on the manufacturing ecosystem have been
highlighted. Following a comprehensive review of the literature, future research directions are formulated to identify
abundant research opportunities.

Keywords: digital transformation, manufacturing, literature review.

1. Introduction

In today’s exponential change towards digital technologies and the utilisation of these technologies in different
fields and sectors, organisations change the way of doing business towards achieving their goals. This change
only will not affect the way of operations inside the organisation but also affects the way of reaching the customer
and the way of providing the goods and services produced (Anwer et al., 2019a). Manufacturing Industry, as one
of the most critical sectors inside any economy, is greatly affected by the digitalisation of manufacturing
processes through the development of new technologies that can be used to enhance the productivity of the
operations processes inside any manufacturing organisation (Chryssolouris et al., 2009a).

Digital Transformation (DT) in the manufacturing industry plays a vital role in keeping the organisation into
the pace of competition. The only way of sustainability now inside any competitive market is by transforming
business processes into a digital one. From here comes the importance of Digital Transformation of existing firms
to cope with the native digital organisations that appeared in the past 10-15 years (Horvath et al., 2018).

Although Digital Transformation (DT) has been much emphasised in the academic research in the past few
years, there is ambiguity about this term regarding its definition, framework, and challenges, especially in the
manufacturing industry (Vial, 2019). There is no one clear definition of what Digital Transformation is (De
Carolis et al., 2018; Ng et al., 2019; Nwankpa & Roumani, 2016; Zangiacomi et al., 2020). In addition, the
authors that tried to define Digital Transformation generally reflects the background and the perspective seen by
its authors (e.g. financial sector and government domain). Moreover, there is no sufficient literature review
studies had been taken to address this concept in the manufacturing industry (Anwer et al., 2019b; Laird, 2017;
Lietal., 2018).

For all of this ambiguity surrounding this term especially in the manufacturing industry, a systematic literature
review is needed to gain more insights of the term and open new paths to study and analyse this term as well as
explore new ways for successfully implementation in manufacturing industry.
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Understanding digital transformation in the manufacturing industry: a systematic literature review and future trends

This paper proposes a definition and the main challenges of Digital Transformation in the manufacturing
industry. It also provides an extensive systematic literature review of this term inside the manufacturing industry
and Digital Transformation processes.

2. Research outline

2.1. Aim, scope, and research questions

This research aims to analyse and summarise the literature currently available on Digital Transformation (DT).
To achieve more valid research on the concept, the focus of this study has been on articles that are concentrated
on DT within the manufacturing industry. This scoping process includes a definition of several criteria for
inclusion and exclusion of sources, relevant fields of study, relevant sources, as well as a search term to work as
criteria to categorise these sources.

Regarding the research questions, this research has been developed to address the following questions:

. What is Digital Transformation and how it is defined in the manufacturing industry?
. What are the main barriers to implementing Digital Transformation in the manufacturing industry?
. How can DT affect the manufacturing ecosystem?
. What are the main benefits for the implementation of DT inside the manufacturing firms?
. Where are the drawbacks of the existing literature and points of future research in this regard?

[ T O R N

2.2. Search methodology

To begin, a search on online databases about “Digital Transformation” only has been initiated. This search
gave us a quite understanding about how this term is searched in different fields like Information Systems,
Healthcare, Management, Manufacturing. The number of findings in these resources showed considerable
interest in this concept, especially in the last few years in all varied disciplines.

This research is focused on sources from manufacturing literature to maintain a certain degree of consistency
with regards to the specific topics of interest while ensuring that the research sample size would remain
considerable. WoS (Web of Science), EBESCO (business source complete), ScienceDirect, and Scopus had been
chosen to filter the research. WoS has the leading journals in the digital manufacturing theme. Business source
complete had been investigated to add other journals that are not focused on manufacturing but have journals
that talk about Digital Transformation from a business perspective. ScienceDirect and Scopus for validation and
ensuring that every journal that is not in WoS or EBESCO will be considered into the research.

Criteria for exclusion included: works in progress; panel introductions; sources not available in English;
unavailable full papers; papers before 2005. This study's time frame is to address Digital Transformation in the
present and future direction. In the initial search, papers from the ’80s and ’90s that talk about Digital
Transformation had been found but from old or obsolete technology. Therefore, to make the research more
reliable, papers that age 15 years old or less were selected. Moreover, papers that are not related to the
manufacturing industry had been excluded to keep this field's scope. The reason for this that Digital
Transformation has different meanings according to the sector it is applied in. For example, Digital
Transformation in the banking sector has a different perspective and more service-focused than when applying
the same concept in the manufacturing industry.

From the initial search, there are interchangeable words with Digital Transformation like Digital Disruption
or Digitalisation of Manufacturing had been noticed (Peillon & Dubruc, 2019; Tolkachev et al., 2020;
Zangiacomi et al., 2020), so these words had been identified that could be linked to Digital Transformation like
Digital disruption, Digitalisation and Industry 4.0.

The outlined research databases then searched using a combination of these keywords. The list then refined
to remove duplicates, and the titles were checked to ensure the paper's consistency with this review. Then the
abstracts also checked to before selecting the publication for a full review.

2.3. Search results

In the beginning, 90 articles had been found from the search terms. Then, these articles were carefully analysed
and reviewed to assess their relevance to the search aim. After this reviewing, these articles had been filtered to
produce 42 articles that were directly relevant to this research's aim. After cross-referring these papers, the
research had ended up with 55 articles directly relevant to the research aim. Those selected papers were then
carefully analysed to produce the following results.
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3. Research findings

3.1. Definition of digital transformation

According to the literature, few articles focus on defining what Digital Transformation is, especially in the
manufacturing-focused papers, and there was an overlap between defining Digital Transformation and other
related terms, for example, industry 4.0 or digital disruption. A summary of the definitions found in the literature
are summarised in Table 1.

Table 1. Digital Transformation Definitions.

Definition Author
Digital Transformation strategy is a blueprint that supports companies in governing the
transformations that arise owing to the integration of digital technologies, as well as in their Cimini et al., 2017

operations after a transformation.

Digital Transformation is defined as an organisational shift to big data analytics, cloud, mobile
and social media platform. Whereas organisations are continually transforming and evolving in
response to changing business landscape, Digital Transformation is the changes built on the
foundation of digital technologies, ushering unique changes in business operations, business
processes and value creation.

Nwankpa & Roumani
(2016)

Digital Transformation is the profound and accelerating transformation of business activities,
processes, competencies, and models to fully leverage the changes and opportunities brought Demirkan et al. (2016)
by digital technologies and their impact across society in a strategic and prioritised way

Digital Transformation is a technology-induced change on many levels in the organisation that
includes both the exploitation of digital technologies to improve existing processes and the Berghaus & Back (2016)
exploration of digital innovation, which can potentially transform the business model

The use of new digital technologies, in order to enable significant business improvements in
operations and markets such as enhancing customer experience, streamlining operations or Paavola et al. (2017)
creating new business models

Fundamental alterations in existing and the creation of new business models [...] in response
to the diffusion of digital technologies such as cloud computing, mobile internet, social media, Mittal et al., 2019
and big data.

Digital Transformation is about adopting disruptive technologies to increase productivity,

value creation, and social welfare. Cagivh gtelk, 200

Digital Transformation is a process that aims to improve an entity by triggering significant
changes to its properties through combinations of information, computing, communication, Vial (2019)
and connectivity technologies.

From these carefully selected definitions, the following has been indicated:

- There are different perspectives of viewing Digital Transformation. One author defines it as a strategy; another
defines it as a process; third defines it as a disruptive element. This variation comes from the ambiguity of
this term so far. So, there is no clarity about what Digital Transformation is precisely (Castelo-Branco et al.,
2019; Hartley & Sawaya, 2019; Kolla et al., 2019; Tokody, 2018; Vial, 2019; Zangiacomi et al., 2020).

- Most of the authors use the term “Digital Technologies” in their definition which means that technology is a
crucial element in the Digital Transformation in any industry specifically the manufacturing industry
(Cachada et al., 2019; Dombrowski & Fochler, 2018; Lee et al., 2011; Mittal et al., 2019)

- There are unclear terms such as social welfare or using specific examples that weaken the definition.
Moreover, there is some circularity in the definition, for example, using the word transformation in the
definition (Ananyin et al., 2018; Cimini et al., 2017; Ismagilova et al., 2019).

From the analysis of the concept and after reviewing these definitions, a conceptual definition of Digital
Transformation had been constructed with the focus of manufacturing industry as follow:

Digital Transformation (DT) is a customer-centric mechanism that enables continuous improvement in the
productivity of the manufacturing processes using advanced digital technologies such as cloud computing,
Internet of Things, big data analytics, digital twin, artificial intelligence in all aspects of the organisation.

From this proposed definition, the following critical elements of this definition is illustrated as follows:
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- Customer-centric element: most of the previous definitions totally neglect the voice of the customer when
talking about transformation processes. However, listening to the customer is very crucial in formulating the
organisation Digital Transformation process to ensure that it will increase customer satisfaction and hence
increase profitability (Dombrowski & Fochler, 2018; Horvath et al., 2018; Laird, 2017).

- Continuity element: Digital Transformation is a process that never ends. As long as more technologies evolve
and arise over time, Manufacturing organisations need to continually transform their business processes to
cope with this technology advancement (Chryssolouris et al., 2009b; Heikkila et al., 2016; Tokody, 2018). It
is not one-time planning and implementation, and manufacturing firms need to understand that element to
remain competitive.

- Digital technologies element: the technology element in the Digital Transformation is crucial and selecting
the most appropriate digital technologies that will adapt to the manufacturing theme is very critical in the
success of the Digital Transformation process giving the cost of these technologies and the uncertainties that
this technology will become obsolete over a short period.

- The organisation element: Digital Transformation process will not succeed without embedding it into all
aspects of the organisation. This transformation requires integrating digital technologies into all aspects of the
organisation to ensure that the human factor in the firm makes the best use of digital technologies to improve
the productivity of manufacturing processes (Ananyin et al., 2018; Cimini et al., 2017; Demirkan et al., 2016;
Rojo Abollado et al., 2017; Schallmo et al., 2017).

3.2. Development of the Digital Transformation concept

Digital Transformation term evolved through time. In the *70s and ’80s of the last century, it could mean the
use of computing inside the manufacturing firms. Now, it has a different and more generic definition. As in
Figure 1, the development of this term was concluded into three main steps in the research literature as follows:

Digitization
Converting data into
digital format

Digital
Transformation

Converting all aspects of
the business and
connect these aspects
together to improve
the productivity of the

Digitalization firm continuously.
converting

manufacturing

processes to a

more digital format

Figure 1. Evolution of Digital Transformation Term.

1. Digitisation

The oldest term in this area is Digitisation. According to Gartner IT glossary, it refers to “the conversion of
analogue or physical information to a digital format” (Zangiacomi et al., 2020). This definition is like converting
a paper instruction manual into a digital format. This process is the simplest way of transformation. It is just
transforming the data from a paper-based into a more electronic-based. When converting the process as well as
the information, here comes the role of Digitalisation (Nwankpa & Roumani, 2016).
II. Digitalisation

Both terms are very close to each other. Most of the literature used them interchangeably. However, it is better
to see them as a development of one term to another. Digitalisation could be defined as “the way in which many
domains of social life are restructured around digital communication and media infrastructures” (Brennen &
Kreiss, 2016). This change happens when transforming the business processes into a more digital format. For
example, using smart glasses to provide mechanics with a line of sight, digital instructions can improve efficiency
and reduce errors.

Product, Management & Development, 19(1), 20200021, 2021 4/12



Understanding digital transformation in the manufacturing industry: a systematic literature review and future trends

II. Digital Transformation

As stated earlier, the concept is not about technology, like the previous two concepts. It is about business
processes, management styles, organisational culture, corporate strategy, and, most importantly, linking all of
these together using digital technologies (Ismagilova et al., 2019). The goal of this is to bring meaningful
outcomes to the organisation. Integration of different digitalisation initiatives, such as augmented reality guided
instructions, 3D printed tools that have Internet of Things-enabled sensors connected with them can result in the
fundamental transformation of the manufacturing process (Borangiu et al., 2019). So, both digitisation and
digitalisation lead to Digital Transformation (Kutzner et al., 2018; Zangiacomi et al., 2020).

3.3. Barriers to adopting Digital Transformation in the manufacturing industry

By comparing traditional and digital organisations, later organisations can also grow their business more
rapidly due to their high degree of flexibility to consumer needs and the adoption of fast-paced new technologies
(Heavin & Power, 2018).

However, the application of this transformation process is faced by many challenges and constraints in the
small and medium enterprises (SMEs) only and on the large corporations (Heavin & Power, 2018; Horvath et al.,
2018). These challenges may differ from industry to industry. Moreover, the degree of the same challenges may
also change over different industries (Zangiacomi et al., 2020).

After analysing the literature, the Digital Transformation process's significant challenges had been divided
into four main categories (Figure 2): Skills Gap, The Adoption of New Technologies, Change Management
Process, Innovation Policies and Procedures.

Digital Skills

Skills

Cost

Cyber Secuirty

The Adoption of New Technologies

Challenges That
Facing Digital

Transformation in
the Manufacturing

Industry Resistance to change
Suppliers difficulties 1o change (supply chain digitization)
Lack of Innovation Strategy
S—. \Vithout one. innovation efforts risk misalignment
Lackiof Bolloy/Inkmtves The between universities and the
industry

Digital Innovation Hubs

Figure 2. Challenges of Digital Transformation Implementation.

Lack of entrepreneurial culture

Changes of the organization structure.

3.3.1. Skills gap

There is an apparent skills gap between the digital skills possess by the manufacturing organisations and what
they want to keep up with the digital pace (Chryssolouris et al., 2009b; El Hamdi et al., 2020; Horvath et al.,
2018). According to the SAP report in 2018, there is a 20%-40% skills gap between what is needed and required.
Moreover, in a recent study by Technical University Munich (TUM), 64% of companies surveyed said that they
do not have the people with the skills necessary for Digital Transformation (Peillon & Dubruc, 2019). Digital
skills become a necessity to implement Digital Transformation successfully, and the need for these kinds of skills
will increase in the upcoming years (Kokolek et al., 2019; Nwankpa & Roumani, 2016). Unfortunately,
employers do not provide enough resources to train their employees. Another challenge in this regard is the fear
of technology. Labour fear of technology will replace their jobs and resist this transformational place (Heavin &
Power, 2018). Nobody wants to lose his/her job in favour of technology or make a robot replace his/her job.

3.3.2. The adoption of new technologies

Adopting new technologies requires a risk-taking culture inside the organisation. This risk exists because it
requires a high initial investment and long-term return. This type of culture called entrepreneurial culture
(Ananyin et al., 2018). Manufacturing firms lack the awareness of this culture because businesses, in general, are
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risk-averse. They tend to invest in low-risk projects with a short-term return. This risk-aversion is shown in Made
Smarter report in 2017, as stated that there is little investment in new technologies in the manufacturing industry,
especially in the SMEs (Cozmiuc & Petrisor, 2018).

Another threat in the digital world is cyber attacks. With the increasing number of attacks every day;
businesses lose a lot of money and efforts to prevent them. The main problem in these types of attacks is that it
is evolving and every day, new threats are being used to harness the business (Heikkila et al., 2016).

Another challenge is the cost of transferring data from old systems into new systems. Legacy systems become
outdated, and no comply with the usage of new technologies. This transformation may cost much money and
effort to do this in the right way (Castelo-Branco etal., 2019; Frank etal., 2019; Parraetal., 2019).
Manufacturing firms need to decide whether to update their old systems or to buy a new updated system.

3.3.3. Change management process

Digital Transformation is a combination of disruptive technologies (Berghaus & Back, 2016; Hausberg et al.,
2019). This disruption makes it very hard to apply and use. Therefore, one of the most complicated challenges
in manufacturing firms is the changing of its structure (Heavin & Power, 2018). Changing the structure of any
organisation is an arduous process and needs a lot of time and efforts to overcome the resistance of this change
(De Carolis et al., 2018; El Hamdi et al., 2020; Loonam et al., 2018; Paavola et al., 2017).

Another challenge is the resistance of change for existing employees. Current employees used to work on old
systems and old structures; they do not want to move from their comfort zones (Kunii & Hasegawa, 2019; Laird,
2017; Rojo Abollado et al., 2017). This resistance requires managing the change process and unfreeze the status
quo to make the required modifications.

3.3.4. Innovation initiatives

Innovation is a critical element in the success of Digital Transformation processes inside the manufacturing
industry. On the organisation's strategic level, most firms lack the existence of innovation strategy (Tokody,
2018). On the national level, no innovation initiatives to occur in the manufacturing industry (Demirkan et al.,
2016).

3.4. Enabling technologies of digital transformation

One of the critical determinants of the Digital Transformation process's success is the digital technologies applied in
the manufacturing firm. Many researchers state different technologies used in the Digital Transformation process
according to the organisation's field (De Carolis et al., 2018). Within the focus of this paper, the digital technologies applied
in the manufacturing firms has been illustrated in Figure 3. All these technologies are linked together to achieve a more
valid Digital Transformation process (Bai et al., 2020; Osterrieder et al., 2020)

ARTIFICAL INTELLIGENCE
&MACHINE LEARNING e BIG DATA ANALYTICS

Al and MI is creating opportunities for
efficient and productive manufacturing
processes

leading businesses to generate better
insights and right decisions in efficient
time.

INTERNET OF THINGS (1OT)

DIGITAL TWIN

The internet of things is helping to
connect the digital and the physical
world together.

CYBER SECUIRTY

sustaining business integrity, data safety
and protection of cyber assets is of

New technology that make a whole
different manufacturing ecosystem

ROBOTICS AUTOMATION

Provides flexibility and scalability,
Prevents employee burnout.

prime importance

CLOUD COMPUTING

Cloud is the foundation for this new

agile business world. It's the platform (f\\
for enabling agile applications. 1T

ERP has a major impact on digital
transformation. It has the capability of
bringing revolutionary changes in
various processes of modern business.

Figure 3. Enabling Technologies of Digital Transformation.

One of the most technologies that enable Digital Transformation inside any organisation is artificial
intelligence and its various applications (Demirkan et al., 2016; Hartley & Sawaya, 2019; Qi & Tao, 2018; Ulas,
2019). With this technology, as well as machine learning, equipment becomes more efficient and effective in
their operations as they become more aware of the processes and how to self-learn and solve any problems issued inside
the production processes (Hartley & Sawaya, 2019).
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IoT technology enables businesses to link the physical world with the digital world. It helps manufacturing firms gather
more data from machines and equipment, and this help a lot in understanding the manufacturing problems and how to
handle them more efficiently to make more productive operations (Borangiu et al., 2019; Cachada et al., 2019; Castelo-
Branco et al., 2019; Gokalp et al., 2017).

Moreover, one of the essential elements in the successful implementation of Digital Transformation is the
organisation’s digital world's security. As mentioned earlier, With the increasing number of cyber-attacks each day,
cybersecurity technology becomes vital in any organisation today (Heikkila et al., 2016; Mittal et al., 2019; Tokody, 2018;
Tolkachev et al., 2020). Manufacturing organisation need to build a robust cyber system to ease the accessibility of data
and at the same time, make it secure enough from the digital attacks (Tokody, 2018).

Another matter also in this regard is data privacy, especially customer’s data. If the customer feels that third parties are
using his/her data, they will not use the organisation products or services anymore.

Cloud Computing is also one of the foundations of Digital Transformation. With the existence of agile applications and
the need to access data anytime anywhere, the organisation need to have a robust cloud system that enables employees to
work with it and have the accessibility of data necessary to perform their operations (Borangiu et al., 2019; Castelo-
Branco et al., 2019; Piccinini et al., 2015). Machine learning and IoT provide vast amounts of data about everything that
happened in the factory. Big data analytics help provide great insights about these data and how to collect, analyse and
organise these amounts of data to help the management take the right decisions promptly and provide new ways of
innovation (Castelo-Branco et al., 2019; Paritala et al., 2017; Qi & Tao, 2018).

Digital Twin is a new term that was first raised in 2003 and redefined in 2015 as part of the product lifecycle
management is one of the most advanced technologies nowadays. With this digital technology, the organisation make a
replica of its machines, systems, processes, or even products (Kritzinger et al., 2018; SME Media Staff, 2017). This replica
enables the organisation for training purposes and how to handle manufacturing problems more efficiently.

Robots is one of the advanced technologies used inside the manufacturing firms to handle difficult tasks to reduce
worker burnout and increase the factory's health and safety procedures. However, the manufacturing organisation must
keep the right balance between robots and human power to ensure the agility of the processes and make the most of the
firm machines (Agrawal & Narain, 2018; Demirkan et al., 2016; Ulas, 2019).

ERP is a software toolkit that helps the organisation link all its various departments to help transfer the information
vastly and in real-time. With the existing of a robust cloud system, Cloud ERP will be more efficient in data privacy and
data transfer velocity instead of traditional ERP software(Lee et al., 2011).

3.5. Benefits of implementing Digital Transformation

Digital Transformation will have a massive impact on the business processes internally and externally from a
business perspective. As mentioned earlier, this is a very long and hard to achieve journey, but once achieved the
pattern to which that Digital Transformation is embedded inside the organisation manufacturing processes, the
business will begin to reap its benefits (National Archives of Australia, 2011; Rojo Abollado et al., 2017). The
literature mentioned many benefits for implementing Digital Transformation, summarised as Figure 4 shows.
Additional discussion for each one of them in details is held in this section.

m&\

b

4 N
| Customer Focus Increased Innovation More
The organization that Enable open innovation culture PrOfltablltv
implements digital insideihiecrpanization, through increasing of sales
transformation  will  listen channels as well as making
more to the voice of the manufacturing  processes
M, customer in every aspect of R more productive
¥ its operation &
- Y o

5 . Competitive Advantage
Productive Operations
Applying digital transformation
into the manufacturing processes
will enhance the organization's
existing operations

L ﬁ;___ J@

Companies with high Cont.nu"‘g Growth

technologies often get ahead Continous Developemnt
of the competitors specially enables the organization
in the business to business to wide its operations
market and open new markets

Figure 4. Benefits of Digital Transformation Implementation.
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These benefits depend on each other, so it is an accumulated step-by-step advantages that depend on Digital
Transformation implementation.

As stated in the proposed definition of Digital Transformation, it is a customer-centric mechanism. Therefore,
the organisation implementing Digital Transformation will listen more to the voice of the customer in every
aspect (Cozmiuc & Petrisor, 2018; Drake, 2019; Ismagilova et al., 2019; Laird, 2017). This communication
occurs from the beginning of designing the product to the manufacturing processes with the right cost to delivery
channels convenient to the customer and after-sale services. This communication will increase the profitability
of the organisation and make the customers more loyal to the organisation’s products and services.

Digital Transformation is all about continuous development. Therefore, applying Digital Transformation into
the manufacturing processes will enhance the organisation’s existing operations and make it less costly or reduce
manufacturing time by enabling digital technologies that make complex manufacturing processes more
comfortable to implement efficiently and effectively (Gokalp et al., 2017).

Implementing Digital Transformation will enable open innovation culture inside the organisation, especially
inside the manufacturing processes, which focus on these enabling digital technologies (Ismagilova et al., 2019).

All the benefits mentioned above will lead to having a definite competitive advantage among the organisation
competitors. If the organisation does not apply digital technologies, its rivals will do that and gain an
advancement over it (Demirkan et al., 2016). Companies with high technologies often get ahead of the
competitors, especially in the business-to-business market. Implementing Digital Transformation will make the
organisation stagey stronger whichever it is type if it is differentiation or cost reduction or concentrated market
(Bharadwaj et al., 2013; Horvath et al., 2018; Ismagilova et al., 2019).

The fundamental reason businesses exist is to make profits for their owners or shareholders, so any process or
strategy applied inside the organisation aims to this underlying reason. Digital Transformation provides more
profits to the shareholders of the organisation by increasing sales channels and making manufacturing processes
more productive by reducing the operating cost or reducing the operations time (Fernandez-Rovira et al., 2021).

3.6. Digital Transformation and the manufacturing ecosystem

No doubt that the manufacturing industry with its different sectors is one of the most complex industries
regarding its ecosystem. That is because of the complexity of its supply chain with multiple suppliers' existence
with different layers (De Carolis et al., 2018). The complexity also goes beyond that with the distribution
channels of physical goods from direct to indirect distribution channels until the product reaches its end user
(Ashrafian et al., 2019; Hartley & Sawaya, 2019; Nwankpa & Roumani, 2016; Zangiacomi et al., 2020).

Besides, the complexity comes from the product's internal value chain from the design to the manufacturing
processes itself. Digital Transformation helps to make the connection between these networked parties much
more comfortable and faster at the same time. When using advanced digital technologies to the link between
those parties, this will allow the communication between the entire ecosystem in real-time (Ananyin et al., 2018;
Holmstrom & Partanen, 2014; Zangiacomi et al., 2020). This linkage also will have impacts on different parties
or beneficiaries of the same product. In this section, the enhancement of the entire ecosystem provided by Digital
Transformation implementation is shown.

The manufacturing company, which is in the heart of the ecosystem, is not only connected to its direct
suppliers but also somewhat connected to tier 2 or even tier 3 of suppliers to enhance raw material quality and
make their product more suitable for their customers (Bordeleau et al., 2020). Even more, most of the
manufacturing companies have multiple suppliers that need to coordinate and manage carefully (Benitez et al.,
2020; Schniederjans et al., 2020).

This complexity of suppliers should be managed jointly for the transportation and storage of raw materials
through Supplier Relationship Management software using Internet of Things and Big Data analytics to ensure
that there will be no shortage of raw materials for the manufacturing processes. So, this needs to be carefully
managed and coordinated with the procurement department.

Using advanced Digital Transformation technologies in the organisation’s manufacturing process like smart
machine and robots/cobots through advanced robotics management will enhance the organisation's productivity
and continuously develop its products and services (Demirkan et al., 2016).

Another critical aspect of manufacturing is the maintenance department. Digital twin technologies are now
widely used in training purposes for that specific purpose. So, in urgent situations, the maintenance team will be
ready to do the task in a short time and in the most effective way possible.

Another internal department is the product's design, through getting feedback from marketing research
activities and listening to the needs of the customers, they can develop a product that suits the customers and in
the same time feasibly manufactured and profitable. As said earlier, the Digital Transformation is a customer-
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centric approach, so hearing the voice of the customer is very important in developing the organisation products
and services.

Moreover, the organisation has another affected party, as the physical markets or distributors of products.
Again, things like Customer Relationship Management (CRM) and digital channels to communicate with direct
or indirect customers.

From a product point of view, consider the example of an aircraft manufacturer. The manufacturer has multiple
suppliers for different components, and these suppliers have another tier of suppliers that the manufacturer needs
to manage. Besides, the manufacturer has many stakeholders affected by them directly like the airport’s
administration, travel agencies, and passengers. Other stakeholders that are indirectly affected include, for
instance, the duty-free market, customs duty department, airport workers.

Therefore, if something happened to the aircraft that needs maintenance and the flight will be delayed, without
the digital communication between different parties, this may lead to chaos in the airport gate, results in angry
customers that are waiting inside the gate or inside the aircraft for hours.

With Digital Transformation, this delay may be communicated in real-time for passengers to wait inside the airport and
enjoy its facilities instead of sticking inside the gate. This flexibility also will help the airport administration to send the
maintenance team, which in case of the shortage of materials will communicate to the supplier to provide the tools needed
through supplier relationship management. The maintenance team will also provide high-quality work quickly because
they are well trained in such scenarios using digital twin technologies to the aircraft and fix it quickly. Another connected
beneficiary is the duty-free markets which if they have this information, they will be more active to attract passengers to
buy more products. This example shows how the Digital Transformation connects all the manufacturing firm stakeholders
in real-time to maximise benefits for all of them (Ananyin et al., 2018).

4. Research limitations

There are several limitations. The research has been narrowed to be applied only in the manufacturing
industry. This constraint was for consistency reasons, but future research in other industries will be of great
importance. Another limitation lies, as illustrated in the conference papers in the research study, Digital
Transformation is an essential subject in many disciplines is agreed. Simultaneously, this may mean that some
of the paths or issues on the study agenda are already under consideration.

5. Conclusion and implication for future research

The study presented here aims to define, analyse, and update the literature on digital transformation currently
available and present six main findings. In summary, Digital Transformation (DT) is a customer-centric
mechanism that enables continuous improvement in the productivity of the manufacturing processes using
advanced digital technologies such as cloud computing, Internet of Things, big data analytics, digital twin, in all
aspects of the organisation. To date, most contributors have been academics from information systems. There is
a diverse range of Digital Transformation examples in the literature, with some demonstrating benefits from
applying the Digital Transformation process in the manufacturing industry. There are, however, some key
barriers to the adoption of Digital Transformation; for instance, lack of training and the skills gap exists in the
manufacturing industry in general. This paper summarised the most adopted digital technologies used in the
Digital Transformation process, for instance, the Internet of Things (IoT) and Digital Twin.

The findings confirm that Digital Transformation solutions can bring a revolutionary benefit for the
manufacturing organisations through increasing productivity and enhancing the customer's engagement.

The results and issues raised in this paper provide a valuable basis for further work to be focused upon. Digital
Transformation is a concept of enormous potential significance for manufactures. It offers routes for companies
to step up the value chain and leverage value-added business activities.

Nevertheless, as this paper has gone some way to demonstrate what is Digital Transformation, there is little
guidance available for manufacturers in this situation. Indeed, the following research questions can be posed:

1. How to assess the readiness for Digital Transformation inside the manufacturing firm?

2. What is the connection between technology and business aspects to achieve successful Digital Transformation
in the manufacturing industry?

3. What is the roadmap in the manufacturing industry from the policy level for a productive Digital
Transformation?

4. investigating the relationship between DT and innovation and the implications of this transformation regarding
sustainability.
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