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Abstract

This study conducts a systematic literature review to address the imperative of digital transformation in the current
fast-paced, fiercely competitive economy. It emphasizes the critical role of digital technology adoption for organizations
seeking performance enhancement and competitive advantage. Focusing on the manufacturing sector, the research
delves into principal challenges surrounding digital transformation, employing an extensive literature study to explore
industrial evolution, success-failure dynamics, and performance indicators. The study employs the Antecedents,
Decisions, and Outcomes (ADO) framework, offering a structured evaluation of digital transformation’s facets and
implications. This work contributes recommendations for future research in the manufacturing sector, aiming at
untapped potentials. Studying 86 articles, the paper advances scholarly discourse in digital transformation. The review
underscores a robust association between manufacturing firm productivity and digital technology, a result of

transformative digital integration.
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Introduction

Technology has significantly impacted the rapidly
expanding economy of the twenty-first century. As
a result of this immense disruption, referred to as
"digital transformation”, entirely new methods of
conducting business are emerging, as well as new
ways of providing services and creating value. The
manufacturing industry has

paradigm shift, which has
opportunities for gaining a competitive edge. This
research examines the challenging influence of
digital transformation tasks in the manufacturing

experienced a
created new

sector and how they address cost difficulties while
demonstrating their tangible effects on firm output
through digital technology (1).

Digital transformation (DT) in manufacturing
refers to the integration of advanced technologies,
such as the Internet of Things (IoT), Machine
Artificial Cloud
Manufacturing (CM), and data analytics, into
various aspects of production processes. The
implementation of these digital technologies in
manufacturing processes offers numerous benefits

learning, intelligence (Al),

that significantly enhance firm productivity.
However, manufacturing firms that adopt DT often
face several challenges, primarily related to cost
reduction (2). The adoption and integration of

advanced technologies necessitate substantial
upfront investments in hardware, software, skilled
employee training, and infrastructure changes. It is
essential to balance the costs and benefits to
achieve higher productivity and efficiency.
Moreover, digital technology requires ongoing
maintenance, upgrades, and security
enhancements, which can negatively impact
operating budgets.

This study focuses on the integration of advanced
technologies as part of digital transformation (DT)
within the manufacturing sector. Specifically, the
research examines the role of the Internet of
Things (1oT), Artificial Intelligence (AI), and Cloud
Manufacturing (CM) in enhancing production
processes. These technologies were chosen due to
their widespread adoption and significant impact
on improving efficiency, enabling real-time data
analysis, and optimizing resource management in
manufacturing. While emerging
technologies, such as Blockchain and 3D printing,
big data also contribute to digital transformation,

other

this study deliberately narrows its focus to IoT, Al,
and CM. These technologies have demonstrated a
more direct and measurable influence on firm
performance in the manufacturing industry.
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By narrowing the focus to these specific areas, the
research aims to offer a more profound and
thorough understanding of how digital
transformation can boost firm productivity and
operational efficiency, rather than diluting the
analysis by including less relevant or nascent
technologies. This concentrated approach will
enable clearer insights into the challenges and
advantages associated with digital transformation
within the manufacturing context.

The main objective of this study is to examine and
discuss the current state of the literature on digital
technology (DT) and to explain how implementing
digital technology can improve firm performance.
The study aims to focus on articles centred on DT
within the context of firm performance in the
manufacturing sector to produce more reliable
research on the topic. This review has three
research objectives. The first objective is to explore
the influence of DT on improving firm performance
in manufacturing firms. The second objective is to
describe the benefits of digital technology in
manufacturing firms. The third objective is to
understand how digital tools and platforms
enhance firm performance in the manufacturing
industry. This research aims to provide a better
understanding by addressing the following
questions: How did the digital revolution occur and
what impact does it have on
development?, How does DT provide a competitive
advantage to manufacturing firms?, What are the

industrial

major difficulties or impediments of DT?, Why does
DT fail, and why is it crucial to understand the best
methods?.

This review holds both theoretical and practical
significance. In the academic realm, first, it
demonstrates the influence of DT on the
manufacturing sector, synthesizing the literature
regarding various countries and methodologies.
Second, an integrated conceptual framework is
proposed based on the literature synthesis,
illustrating the factors that contribute to firm
performance through DT. Lastly, the systematic
literature review uncovers neglected areas in DT
research and provides valuable directions to
advance research in this domain. Practically, this
review offers insights into how DT affects output
maximization and cost minimization, ultimately
impacting firm performance.

The remainder of this review is organized as
follows. The subsequent section outlines the
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methodology used in this research effort. It is
followed by the review analysis, and the following
section presents the conclusion. Afterwards,
limitations and findings are discussed, which
summarize the synthesis of DT's impact on firm
performance.

Methodology

Our study employed a Boolean search method,
which utilized OR and AND logic operators to
connect various terms. The search was focused on
articles published between 2005 and 2023, as this
time period encompasses significant
developments in the field of study. A collection of
relevant keywords was selected from prior
publications and articles in the same or similar
domains. Keywords, abstracts, and titles were
thoroughly various term
compositions. The search string used was ("Digital
Transformation" OR "Smart Factory") AND
("Manufacturing Industry"). To analyze the
relationship between digital transformation, firm
decisions, and outcomes, we utilized the ADO
framework (3). This framework consists of three
components:  antecedents, decisions, and
outcomes. Antecedents refer to the digital
transformation in which firms operate, decisions
refer to the choices made in adopting and
integrating digital technology, and outcomes refer
to the impact of these decisions on firm
performance. The ADO framework provides a
structured approach to digital transformation,
guiding firms from identifying the need for change
to realizing the benefits of technology integration.
Extraction

The objective of this review is to offer a
comprehensive summary of the research domains
that address the challenges associated with DT
contexts and assess their influence on the
manufacturing industry. To achieve this goal, we
conducted a thorough analysis of the search
results, using various quality criteria. Initially, we

examined for

manually reviewed the content of the papers,
abstracts, and titles, and then established specific
criteria for selecting or rejecting studies.

Inclusion and Exclusion Criteria

The review must pertain to DT and its impact on
firm performance. The methodology employed in
the study must be clear and transparent. The
research must be grounded in reliable sources and
periodicals. The articles must have been published
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between 2005 and 2023, and written in English.
Only peer-reviewed articles and conference papers
were considered, while editorials, unpublished
articles, and books that were not peer-reviewed
were excluded. Utilizing the Scopus database
search query, a total of 1014 papers were
generated. The abstract, keywords, and title were
used to select publications that would support the
conceptual model. After implementing the
exclusion strategy, the Scopus database yielded
376 papers. Finally, a total of 86 papers were
thoroughly examined in the systematic literature
review, based on their relevance to the research
objective.

Conceptual Framework

Digital technology is crucial for achieving two
primary objectives, output maximization and cost
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minimization. These objectives can impede the
enhancement of manufacturing firm performance,
as demonstrated in Figure 1. Output maximization
entails increasing the quantity or quality of

products/services, while cost minimization
involves reducing operational expenses. The
ultimate goal is to improve the overall
performance of the manufacturing firm by
integrating digital technologies strategically,
which promote efficiency, innovation, and

competitiveness. The Resource-Based View (RBV)
and Dynamic Capabilities theory provides a sound
theoretical basis for understanding how digital
technology, enabled by digital technologies, can
lead to output maximization, cost minimization,
and improved firm performance.

Digital
Transformation Cloud Manufacturing
Artificial Intelligence

Internet of Things

v

Through Research
& Development
Through Reduction
in waste Resource
Through Scalability
Through Skilled
Employee
upgradation

Improved Firm
Performance

Through Change in
operation cost
Through Low
inventory cost
Through Enhanced
quality control

Figure 1: Conceptual Framework of Impact of Digital Transformation on Firm Performance

The Resource-Based View posits that
organization’s resources and capabilities are
crucial for achieving competitive advantage. In this
technology

an

enhances
processes, with
unique capabilities that can lead to superior
performance. This technological advancement
improves staff adaptation by equipping employees
with the necessary tools and training to effectively

context, innovation

operational providing firms

engage with new systems, thus leveraging these
resources to their fullest potential. Moreover, the
Dynamic Capabilities Theory emphasizes the
importance of an organization’s ability to adapt,
integrate, and reconfigure internal and external
competencies address rapidly

to changing
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environments. A well-adapted workforce is
integral to this adaptability, enabling organizations
to enhance customer engagement through
proficient use of digital tools that meet evolving
customer needs and expectations.

By mapping these interrelationships, this model
demonstrates how  digital transformation
efficiency, innovation,

within  organizations.

and
This
framework serves as a valuable reference for
guiding
empirical research by framing hypotheses and
informing data collection methods. Ultimately,
theoretical model illustrates the
and

enhances
competitiveness

researchers and practitioners alike,

interconnectedness of these variables
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emphasizes the vital role of digital transformation
in driving organizational effectiveness and
improving  performance This
comprehensive approach promotes continuous
improvement and fosters communication among
stakeholders, ensuring alignment of goals and
strategies related to digital transformation within
the organization.

Analyzing the effects of digital transformation on
these particular dimensions would be highly
advantageous, especially in the manufacturing
sector, where digital technology encompasses the
use of advanced tools and solutions to
revolutionize and optimize various aspects of the
production process. Digital transformation in
manufacturing fosters enhanced performance,
competitiveness, and growth by maximizing
output and minimizing costs. Our research
highlights that technologies such as Cloud
Manufacturing (CM), artificial intelligence (Al),
and the Internet of Things (IoT) play pivotal roles
in driving key processes, including research and
development, reduction,
scalability, and employee skill upgradation. These
advancements not only improve operational
efficiency but also contribute significantly to
overall firm performance,
organizations long-term
increasingly competitive market. By focusing on
these dimensions, manufacturers can unlock the
full potential of digital technologies to foster

outcomes.

waste resource

positioning

for success in an

innovation and sustainable growth.
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Results and Discussion

Publication of Papers from 2005 to
2023

Each year, a substantial number of publications are
released on DT, as illustrated by the significant rise
in the number of papers published on this topic
since 2018, with an annual increase of 40 articles,
as depicted in Figure 2. The steady growth in the
total number of papers published on DT is
expected to continue, as projected in Scopus. By
the end of 2022, it is anticipated that the largest
proportion of papers produced will be 27%, while
the lowest will be 1% in 2015.

Distribution of Scholarly Articles by

Country of Publication

Additionally, an index of the countries that have
made the most significant contributions to the field
was generated using the Scopus database and
depicted in Figure 3. Over the past decade, it has
industrialized
countries, such as China, India, and Germany, with
contributions of 24%, 19%, and 10%, respectively,
have made the greatest contributions. China, India,
and Germany occupy the top three positions in the
ranking. Among the top five are the United States
and Italy. The research utilized the author's home
country as a basis for examining the role that

been observed that so-called

various countries play in the literature on digital
transformation in manufacturing firms.
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Figure 2: The number of papers published each year (n=1014) used by Authors in selected Literature
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China
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73 |

Figure 3: Articles Published by Author Countries

Analytical Methods Used in Articles

Among the studies that were included in the
review, 37 of them employed a quantitative
method, while 36 studies utilized a qualitative
method. Only 7 studies used a mixed method
approach. These details are depicted in Figure 4
and Figure 5. In the research on digital
transformation's impact on firm performance,

several analysis techniques were utilized. In 27 of
the studies, systematic literature reviews were the
most commonly used method. Additionally,
Structural Equation Modeling (SEM) emerged as
the second most frequently utilized methodology
in the investigation of digital transformation,
having been employed in 15 studies. Furthermore,
regression analysis was used in 8 studies.

Analysis Methods

Regression Anaylsis

Fuzzy-Set Qualitative Comparative..
Thematic Analysis

Feasible Generalized least Squares Method
Delphi Method

Content Analysis

Two-Way MANOVA Analysis

System Theoretic Process Analysis
Case-Study

Bibliometric Analysis

Deep Learning-based methods

Structural Equation Modeling (SEM)
Systematic Literature Review

Number of Articles
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Figure 4: Analysis Techniques used by Authors in Selected Literature

= Qualitative methods = Quantitative = Mixed-Method

Figure 5: Research Methods used by Authors in Selected Literature
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Figure 6: lllustration of Industrial Evolution
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Industrial

Innovative

manufacturing  practices

have

Development

Process industries have embraced digital
technology since the 1980s to improve efficiency,
promote safety, and gain a better understanding
and management of resources. For almost 50
years, the field of industrial automation (IA) has
been the driving force behind the third industrial
revolution. Figure 6 depicts the Industrial
Development.

The advent of the industry in 1974 marked a
significant turning point in how industries
generated revenue. The construction of
mechanical industrial infrastructures for water
and steam-powered machinery in the 1800s
resulted in the emergence of Industry 1.0. This era
brought substantial benefits to the economy as
production capacity increased. In approximately
1870, the invention of electric power and the
implementation of assembly line production
contributed to the rise of Industry 2.0. This phase
primarily focused on task distribution and mass
manufacturing, and the integration of electronics,
limited automation, and information technology
played a crucial role in boosting the productivity of
industry organizations. The third revolution,
which began in 1969, paved the way for the fourth
revolution just 40 years later. It is worth noting
that the growth of the three previous revolutions
spanned approximately 100 years, while the third
revolution led to the fourth revolution in a much
shorter time.

advanced into Industry 4.0 since 2011. The
primary goal of cutting-edge technologies is to
improve productivity and increase production
efficiency (4). The future of manufacturing,
Industry 5.0, aims to integrate human ingenuity
with intelligent machines to enhance production
(5).Researchers (6, 7) argue that organizations can
benefit from digital technologies by becoming
more focused. Similarly, researchers (8, 9) have
underscored that the implementation of digital
technology can extend a firm's scope by improving
coordination among multiple units.

Digital Transformation Experience by the Firm:
Researchers have introduced the concepts of
"digitalization,"  "digitization," and "digital
transformation” in the broader context of DT as
depicted in Figure 7. Although these concepts have
distinct meanings, they are often used
interchangeably (10). While researchers (11, 12)
argue for more precise definitions, digitization is
the first phase of transformation, which involves
the conversion of analog data to digital format. The
next phase is digitalization, which entails the use of
digital technology and its impact on business
processes (e.g., digitalization of a process) (12).
Digitalization is also defined as the innovation of
business models and processes that maximize
digital opportunities. The broadest concept, digital
transformation, = encompasses  the  entire
organization and its processes, as well as the
indirect and direct effects of digital technologies
and processes on firm economic conditions and
innovative products and services (13).
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DIGITALIZATION

DIGITAL
TRANSFORMATION

The process of making data
accessible and readily available
in digital form.

Making operations more
automated through the use of

digital

The process of developing new
business applications that
incorporate al digitized data and
applications.

Figure 7: Transformation of Digital Transformation

Digital  technology  (DT) represents
comprehensive integration of digital technology
across various aspects of an organization or
industry, fundamentally transforming processes,
operations, and value creation (14). DT refers to
the suite of tools, systems, and solutions that
facilitate this transformation and enable
organizations to adopt and utilize technological
advancements to create new business models and
enhance firm performance. This encompasses
technologies like computer engineering, the
Internet of Things (IoT), artificial intelligence (AI),
and more. In essence, DT serves as the strategic
vision, while digital technology operationalizes
that vision through practical application.

Cloud Manufacturing (CM): Cloud manufacturing
(CM) is an industry concept that employs cloud
computing technologies, which offer a range of
benefits, including reduced costs, increased
flexibility, scalability. With CM, global
collaboration and product innovation are possible.
Additionally, it improves resource utilization and
supply chain management, enabling data analytics
and performance monitoring (15). The adoption of
CM can enhance a company's performance by
costs, productivity,
shortening the time-to-market, ensuring product
quality, supporting innovation, and improving
competitiveness and output maximization through
measures such as research and development,
waste reduction, and employee skill upgrades.
Artificial Intelligence (AI): Al encompasses the
utilization of technical devices to imitate human
cognitive  capabilities, allowing the
accomplishment of tasks independently while
simultaneously considering any constraints (16).
In the context of manufacturing, Al enables

a

and

decreasing increasing

for

predictive maintenance, thereby facilitating the
early detection of equipment failures and reducing
downtime. Moreover, it enhances quality control
through the utilization of Al-powered vision
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technologies that accurately and promptly identify
The automation of  repetitive
manufacturing through Al increases
efficiency while simultaneously eliminating errors.
In addition, Al in product
development and enhancement, leading to the
generation of new ideas for lighter, stronger, and
more cost-effective  products. Furthermore,
manufacturing can leverage Al algorithms to
forecast demand and sales.

Internet of Things (IoT): The Internet of Things
(IoT) is a network that connects various devices,
sensors, and smart technologies to facilitate
communication between individuals, objects, and
vice versa (17). In the manufacturing sector, loT
offers numerous advantages, such as boosting
operational efficiency, conducting predictive
maintenance, improving quality control and safety
measures, enabling data-driven decision-making,
and streamlining integration and automation.
the early
detection and rectification of equipment issues,
while [oT devices monitor parameters to
guarantee product quality, safety, and enhance
operational efficiency, ultimately reducing human

errors.
tasks

is instrumental

Predictive maintenance enables

error. Overall, the implementation of IoT in
manufacturing leads to increased productivity,
reduced costs, improved customer satisfaction,
and a competitive edge.

Improved Firm Performance through Output
Maximization: Enhancing corporate performance
involves increasing production efficiency by
leveraging advanced digital technologies, such as
the IoT, Al, and CM, while simultaneously
grappling with budgetary constraints. The
seamless integration of these technologies enables
organizations to optimize production, streamline
operations, and reduce disruptions. Table 1 clearly
illustrates how (DT) improves firm performance,
aligning with the theoretical concepts
principles advanced by academic researchers.

and
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Table 1: Analysis of How DT Improves Firm Performance through Output Maximization

Vol 5 | Issue 4

Digital Improved Firm Performance through Output Maximization Theory Refere
Techno  Research & Reduction of Scalability Skilled employee /Conce nces
logy Development(R& waste upgradation ptused
D) Resources
CM facilitates and CM aids in waste CM helps to Manufacturers may Theory  (18,19)
deepens the reduction in the provide scalable improve the of
connectivity manufacturing and flexible employee's skills Constra
between research firm. It reduces manufacturing and expertise by ints, (20)
and development waste resources operations. It embracing cloud- Total (21)
(R&D) activities in  like raw supports based platforms Quality (22,23)
Cloud the manufacturing materials, scalability by and applications to Manage
Manufa  business. It offersa energy, and time providing on- give training, ment.
cturing  collaborative and by enabling real- demand access to access to
(CM) virtualized time computing knowledge Zero
environment in collaboration, resources, storage, resources, and Waste
which researchers, data exchange, and services, collaboration Manufa
designers, and and optimization. allowing firms to opportunities. For cturing,
manufacturers For example: in quickly adapt example: In the Zero
may access the textile production automotive Waste
innovative =~ R&D industry, CM  capacity to industry, CM
tools, share data, enables meet demands. For enables
and efficiently designers, example: in the manufacturers to Econom
interact. For manufacturers, electronics provide virtual ies  of
example: in the and suppliers to industry, CM training programs, scale,
pharmaceutical collaborate enables online workshops, Multi-
business, CM virtually, manufacturers to and access to tenancy
allows researchers improving swiftly scale up or advanced
to use cloud-based production down production simulation tools, Social
platforms to schedules, quantities based on  allowing Learnin
analyze enormous reducing market conditions. employees to learn g
amounts material scrap, This scalability new skills, stay up Theory,
of information, and reducing provides optimal to date on new Cognitiv
carry out energy resource technologies, and e Load
challenging consumption, utilization,  cost- improve their Theory
experiments, and resulting in effectiveness, and proficiency in areas
interact with significant waste responsiveness in such as design,
specialists reduction  and the manufacturing production, and
worldwide to better industry. quality control.
discover fresh sustainability. This skill upgrade
drugs and optimize helps to greater
manufacturing productivity,
processes. CM and innovation, and
R&D integration competitiveness in
speeds up the manufacturing
innovation, sector.
reduces

development costs,
and improves the
firm performance.
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Artificia
1
Intellig
ence
(AD

Interne
t of
Things
(IoT)

Alin R&D for the

manufacturing
industry involves
using intelligent
algorithms and
data-driven
models to
streamline product
development,
improve
productivity, and

support advanced
research,

ultimately leading
to cutting-edge

innovations  and
competitive
advantages.  For

example: In R&D,
Al is used to speed
up design
repetitions, mimic
accident tests, and

improve  vehicle
performance. Al
algorithms can
forecast how
different car
designs would
perform by
analyzing

enormous

amounts of data

from prior crash
testing and real-
world
resulting in safer
and more robust
vehicles.

events,

[oT in
manufacturing
R&D enables data-
driven decisions,
predictive
maintenance,
supply
optimization,
improving product
development and
quality control. For
example: a
manufacturer uses
[oT to

and
chain

car

analyze

Al plays a key
role in
decreasing waste
resources in the
manufacturing
sector by
optimizing
processes,
increasing
resource
efficiency,
supporting
sustainable
practices.
example: In
manufacturing,
Al-powered
predictive
maintenance

and

For

solutions analyze
real-time  data
from equipment
sensors, allowing
organizations to
detect and
prevent

machinery faults.

This saves
unnecessary
downtime,
reduces repair-
related  waste,
and increases the
lifespan of
industrial
components,
ultimately
leading to
considerable
reductions in
resource waste
and greater
sustainability.

The 10T helps to
reduce waste in
manufacturing
by optimizing
resource
utilization,
strengthening
process
efficiency,
enabling
waste
management.
IoT-connected

and
smart

sensors and

Al helps in growing
and expanding the
manufacturing
industry by
providing  higher
productivity  and
adaptability to
changing demands.
For

example: improve
manufacturing
scalability by
enabling rapid
production line
reconfiguration to
fit different
product
In addition,
driven
forecasting
inventory
management
improve resource
allocation, allowing
firms to  scale
products efficiently
in response to
market
client needs.

versions.
Al-
demand

and

risk and

In the
manufacturing
business, by
enabling flexible
and adaptive
operations, easing
remote monitoring
and management,
and improving
data-driven
decision-making.
IoT-connected
devices and

systems can

Improving the
knowledge and
skills of
manufacturing
workers  through
the use of
intelligent
technology
training programs
allows

and

them to
effectively
with  Al-powered

work

tools and
systems. For
example, Al-
driven training
platforms in the
manufacturing
industry provide
personalized
learning
experiences,
empowering
individuals to
engage with Al-
powered  robots
and execute unique
manufacturing
procedures.  This

skill improvement
enhances employee
productivity  and
adaptability,
resulting in more
efficient and
competitive
manufacturing
employees.

[oT-connected

devices and
augmented reality
tools enable

employees to learn

new skills, stay
updated with
technology, and
expand their
knowledge. For
example: In a
smart
manufacturing
plant, IoT-

Decisio
n
theory,
Informa
tion
theory.

Graph
theory
Process
Innovati
on

Augmen
ted
intellige
nce

Resourc
e-based
view,
Competi
tive
advanta
ge

Total
Quality
Manage
ment

(23-26)
(27)
(28)
(29)

(30)

(31)

(32)

(33)

(30)
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production datafor devices measure smoothly scale up connected
design resource use, or down based on machinery and Econom
improvements and detect demand, resulting equipment can ies of
gathers customer inefficiencies, in increased provide interactive Scale,
usage data to and allow real- efficiency and cost- training modules Cost
enhance future car time monitoring, effectiveness. For for employees Manage
models. resulting in less example: [oT- using augmented ment
waste and enabled reality (AR)
environmental manufacturing interfaces. These Skill
impact. For lines may simply augmented reality Develop
example: [oT grow their devices provide ment
sensors in a operations to meet step-by-step help
facility monitor increased demand for complex
energy and water by adding more activities,
usage, allowing IoT-connected increasing the
real-time  data machines and workforce's  skill
analysis to detect equipment. The level. In addition,
areas of waste.By sensors in these IoT sensors
optimizing machines offer capture
machine real-time data on performance data,
operation and production rates, allowing managers
production quality, and to measure
schedules based maintenance employee
on this data, the requirements, efficiency and
manufacturing allowing managers identify areas
process becomes to optimize where additional
more efficient, workflows and training is
eliminating allocate resources required.
energy and water more efficiently.
waste.
Table 2: Analysis of how DT improves Firm Performance through Cost Minimization
Digital Improved Firm Performance through Cost Minimization Theory/C Refer
Techno  Through Change in Through Low Through Enhanced oncept ences
logy Operation cost inventory cost Quality control used
Cloud CMreducestheneedfor CM  systems offer Enhanced quality control Virtualiza (34)
Manufac businesses to invest in  extensive inventory is one of the key benefits tion
turing costly on-premises management features provided by CM
(CM) equipment such as that enable firms to technology. By utilizing (35)
servers, data centres, monitor inventory cloud-based  platforms Resource-
and software licenses. levels, track product and data  analytics, Based
Instead, they can movements, and manufacturers can Theory (36)
employ  cloud-based automate monitor and manage
infrastructure, paying replenishment various quality aspects
only for the use. This procedures. For throughout the Lean
low-cost strategy saves example: Clothing production cycle. For Manufact
both initial capital manufacturers can use example: A uring
expenditure and cloud-based demand manufacturing company
corresponding planning technologies, that makes electronic
maintenance costs. For including historical devices uses CM
example: A sales data, weather technology to streamline
manufacturing forecasts, and social its  production and

company can move its
storage and processing
of information

processes to cloud

media trend analysis.
By exactly forecasting

demand for various
clothing goods, can
optimize  production

increase quality control.
They link their
manufacturing

equipment to a cloud-
based platform, including

1404



Darathi and Madhumita,

Vol 5 | Issue 4

Artificial
Intellige
nce (Al)

Internet
of
Things
(IoT)

platforms like Amazon
Web Services.

Al technology helps

optimize  operational
costs by automating
tasks, increasing
efficiency, decreasing
waste, or improving

decision-making,
resulting in cost savings
and
profitability.
example: In a
manufacturing  plant
that relies significantly
on machinery and
equipment, Al
technology may analyze
machine sensor data,
such as temperature,
vibration, or pressure,

enhanced
For

and find trends
anticipating problems.
Early warning
indications alert
maintenance teams,
assisting in the
prevention of costly
breakdowns and

production delays.

IoT technology can be
built to create a smart
factory
Various

environment.
machinery,
and
can be
using
sensors and network
connectivity to
establish a network of
interconnected devices.
These devices can
collect and exchange
real-time

equipment,
components
interconnected

data on
industrial  processes,
machine performance,
energy

and other variables. For

consumption,

example: [oT sensors
can monitor machine
conditions, which can
detect future issues. By
analyzing this data,
manufacturing can
estimate maintenance

planning and reduce

excess inventory.

Al  technology that
supports low inventory
costs refers to
using intelligent

algorithms and systems
to optimize inventory
management processes,
resulting in
inventory levels while
maintaining or
improving operational
efficiency and overall
firm performance. For
example: Demand
forecasting is
application of Al
in manufacturing

business that promotes
reduced
costs. Al algorithms can

lower

one

inventory

accurately predict
future demand Dby
analyzing previous
sales data, market

trends, seasonality, and
other relevant aspects.

Low inventory cost in
manufacturing involves
using  interconnected
devices and systems to
improve
management
operations,
carrying

inventory

reduce
and
overall

costs,
increase

operational efficiency.
For example: The
manufacturing firm that
produces
devices. They can set up
their
lines

electronic

Sensors on
manufacturing
and inventory storage
locations by using IoT

technology. These
sensors can capture
real-time data on
inventory levels,

production rates, and
client demand. This
data is sent to the IoT

assembly  lines  and

testing stations.

Al may be used to analyze
massive amounts of data,
find trends, and make
intelligent decisions to
improve product quality
and overall firm
performance.
example: In
manufacturing

companies, Al computer
systems
inspect products on the
assembly line, finding
flaws,  variances, or
anomalies

These

For

vision can

in real time.
systems
machine learning
algorithms to analyze
images or video streams
and compare them to
established quality
standards. Defective
products can be further
examined or eliminated
from the production line,
ensuring that only high-
quality items reach the
market.

use

The manufacturing
industry refers to the
integration of IoT devices,
sensors, and connectivity

into manufacturing
processes to monitor,
track, and analyze

product quality at various
stages. For Example: [oT
technology can be used to
improve quality control
in a manufacturing plant
that produces electronic

parts. Sensors can be

integrated into
manufacturing
equipment, assembly

lines, and warehouses to
monitor and collect data
on variables
like temperature,

vibration, and humidity.
This assists producers in
their
manufacturing processes,

optimizing

Deep
Learning

Reinforce
ment
Learning

Fault
Detection
and
Diagnosis

Sensor
Technolog
ies

Just-in-
Time

Total
Quality
Managem
ent

(37-
39)

(40)

(41)

(42)
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needs and arrange platform, which is reducing waste,
repairs or replacements analysed to generate increasing operational
before equipment insight and trigger efficiency, and
failure. This method automated actions. improving firm
decreases unplanned performance.
downtime, lowers

repair costs, and

enhances overall firm

performance.

Improved Firm Performance through Cost
Minimization: Enhanced manufacturing company
performance is achieved through minimizing costs
via the adoption of digital technologies like 10T, Al,
and CM. These seamlessly integrated solutions
enable optimized
streamlined operations, and reduced expenses in
Table 2. It shows how technology impacts firm
performance with examples and theories or
concepts applied by the researchers.

Difficulties or Barriers of DT in manufacturing
industries: DT in manufacturing industries can

production  processes,

offer numerous benefits, but it’s also accompanied
by several obstacles and it may differ from one
industry to the next. Furthermore, the extent of the
same difficulties may vary between sectors (43).
The major challenges of the DT process were
identified after studying the literature and were
divided into four primary areas in Figure 8. Digital
skills gap, new technologies adoption, innovation
procedures, and  policies, and change
organizational process.

* Anxiety over technology

* Demographics of labour

* Employers make insufficient investments
in employee training.

* Digital natives are not always successful.

New
Technology
Adoption

Digital

skill Gap

* Expensive new technologies
*Lack of awareness of it despite the

an inereasing number of cyber-attacks
*The integration between different firms
*Lack of incentives for the industry

to change their processes

* Lack of a strategy for innovation
* Insufficient policy initiatives
* Hubs for Digital Innovation

Innovation Change

*Lack of entrepreneurial culture
*Change in organizational structure
*Change in Resistance

* Suppliers' resistance to change

Figure 8: Challenges Faced by Firms in Implementing Digital Transformation

Digital Skills gap: There is an essential digital skills
gap between what industries have and what they
need to stay competitive in technological
innovation (44). According to the SAP (Systems,
Applications and Products in Data Processing)
analysis, there is a 20%-40% skills gap between
what is required and what is obtainable. Digital
skills are becoming more important in DT, and the
demand for these skills is projected to increase in
the years to come (45). On the other hand,
employers do not provide appropriate resources
for employee training. Fear of technology is
another issue in this regard. Workers fear that
technology may eliminate their jobs and as a result,

they will reject this transformational environment
(46). No onewants to lose their career to
technology or have a machine replace them.

New Technology Adoption: The adoption of new
technology necessitates an organizational risk-
taking culture. This risk requires an essential
initial investment as well as a long-term return.
This has been referred to as entrepreneurial
culture (47). This high-return endeavour is
unknown to manufacturing firms. Such risk
tolerance is evident inthe 2017 Made Smarter
survey, which found that investment in innovative
manufacturing technology is limited, particularly
in SMEs (48). Cyber-attacks are a growing risk in

1406



Darathi and Madhumita,

the digital era. Organizations invest a lot of money
and effort in preventing assaults since every day,
the number of attacks grows. The main problem
with such attacks is that they constantly change,
with new threats being used to exploit the firm
(49).

Process of Change Management: The concept of DT
refers to a mix of disruption technologies (50). Due
to the disruption, they are challenging to apply and
use. As a result, research (46) handling the
structure of a manufacturing organization is one of
the most difficult actions that demand enormous
effort and time to overcome challenges (51-53).
Employee resistance to change is another issue
that arises when people get used to working with
old methods and systems and are unwilling to
leave their comfort zones (54-56). To make the
changes that are needed, such resistance must be
handled in the adaptation process and unfreezing
the current state quo.

Innovation Initiatives: The effectiveness of DT
procedures within the manufacturing sector is
dependent on innovation. On a strategic level, most
businesses do not have an innovation strategy
(57). The absence of effective innovation in
manufacturing can result in outdated processes,
reduced competitiveness, and missed growth
opportunities by this the progress can be delayed
by outdated technology, lower production, and
disengaged employees. Manufacturers must
prioritize innovation, promote a creative culture,
and adopt new technology to overcome these
drawbacks and stay competitive and adaptive.
Factors Leading to Digital Transformation
Success and  Failure: The  successful
implementation of digital transformation within
organizations various

requires  addressing

Table 3: Reasons for DT Failure and Success Factors

Vol 5 | Issue 4

challenges that are presented in Table 3. A lack of
understanding and digital
technology limits the potential benefits that can be

awareness  of

derived from it. To overcome this, organizations
must stay updated on technological changes and
analyze opportunities for effective utilization.
Ineffective technological resource management
such as outdated systems and inadequate
cybersecurity measures, hampers DT efforts.
Effective leadership and proper
management are crucial for

resource
successful
implementation. Clear DT plans are necessary to
align organizational efforts with business
objectives and redesign processes to capitalize on
digital opportunities. Setting clear objectives and
goals provides focus and direction for monitoring
performance and achieving desired results. A well-
defined roadmap guides the organization’s
digitalization journey. Creating a culture that
embraces change. Innovation and collaboration
are essential for overcoming resistance and
fostering a supportive environment for digital
projects building a people management system
that identifies digital talent, provides training, and
fosters employee success in digital tools and
infrastructure effectively. Employee resistance to
change can be addressed through effective change
management, focusing on communication,
involvement, and problem-solving. Overcoming
incompatibility issues between existing systems
and new technologies requires robust technology
practices.

leaders who

management Finally having

knowledgeable recognize the
importance of DT and involving employees in the
process increases commitment and enables

successful digital adoption.

Reasons for Failure Success Factors

Opportunities for Future Investigation

Investigate the impact of technology awareness and

Unawareness of digital Tech Awareness:

technologies Improve understanding

internal/external analysis on organizations' understanding
of digital technologies.

Explore the role of effective management in ensuring the

Effective
Optimize practices

Clear Strategies: Ensure
digital adaptation

Ineffective technology
management

Management:

Uncertain strategy
Uncertain  long-term
and short-term goals

and objectives

Digital
Define clear objectives

Roadmaps:

Investigate the

successful implementation and utilization of digital
technologies within organizations.

Explore the necessity of clear digital business strategies for
organizations to adapt and thrive in the digital era.

significance of establishing clear

digitalization roadmaps and action plans to achieve both
short-term and long-term digital goals.
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Unsuitable culture

Personnel knowledge
gap

Insufficient funding for
technology investment

Digital Culture: Foster

innovation

HR Enhancement: Bridge
the knowledge gap

Tech Funding: Support
digital initiatives

Acceptance: Promote
Change resistance change

Technology
Technology Compatibility: ~ Ensure
incompatibility integration

Leadership

Participation: Drive
Ignorant leaders transformation

Explore methods to foster a digital-friendly culture within
organizations to facilitate digital transformation and
innovation.

Investigate strategies for enhancing human resource
management to bridge the knowledge gap and adapt to
digital technologies effectively.

Explore the importance of adequate funding for technology
investment to support successful digital transformation
initiatives within organizations.

Examine factors influencing resistance to change and
strategies to promote acceptance of digital transformation
initiatives among stakeholders.

Investigate the necessity of implementing new technology
management systems to address compatibility issues and
support digital initiatives effectively.

Explore the role of leadership participation in driving
successful  digital
organizations and mitigating ignorance towards digital
technologies.

transformation efforts  within

Theoretical and Practical Implications
The theoretical implications of integrating digital
technology into the manufacturing industry's
various aspects are profound. Where digital
simulations and virtual prototypes may accelerate
innovation, and scalability, where digital platforms
offer flexible growth, the promise for increased
efficiency and innovation is obvious. Efforts are
being made to reduce costs in several ways, from
skilled employee upgradation,
learning platforms promise
advancement, to operational efficiency, where
digital optimization tools promise streamlined
processes. It is also possible to reduce inventory

where digital
continual

costs and improve quality control throughout the
entire production process by using data-driven
improvements. Apparent from these theoretical
implications that digital technology has the
potential to transform manufacturing procedures
and performance.

The practical implications of integrating digital
technology into the manufacturing industry are
tangible and impactful. Virtual simulation speeds
up product development and shortens design
iterations. and
waste,
improved energy efficiency, and significant cost
savings. Scalability becomes possible, allowing for
quick changes in production levels in response to
market needs while retaining optimal resource
utilization. Furthermore, digital learning systems

Real-time monitoring

optimization result in less material

provide a competent and flexible workforce, while
processes powered by digital
optimization tools result in lower operating costs

simplified
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and increased efficiency. Excess inventory is
reduced by data-driven demand forecasts, and the
integration of sensors for quality control assures
constant product standards, defect detection, and
customer satisfaction. In summary, these practical
implications highlight the measurable advantages
of digital technology adoption, which promotes
improved performance and competitiveness in the
manufacturing industry.

Conclusion

This research aims to assess and revise the current
state of knowledge on DT. Digital technology and
DT have the potential to revolutionize the
manufacturing industry by enhancing decision-
productivity, and quality
assurance. Using digital tools and platforms makes
it possible to automate tasks and use modern
technologies like robotics and Al, the 10T, and CM.
This results in streamlined processes, reduced lead

making, scalability,

times, lower error rates, efficient inventory
management, and enhanced quality control. These
advancements lead to improved firm performance,
cost reduction, increased customer satisfaction,
and a competitive edge in the market. To succeed
in a fast-changing environment, manufacturers
must maintain flexibility, constantly adapt to new
technologies, embrace DT and further address the
questions the digital revolution changed how the
industry works by using new technology to make
things faster and better. Digital transformation
helps industries do things like making products
quicker and better, which helps them compete

with other industries. But sometimes, it’s hard for
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the industry to change because they might not have
the right skills or tools. So, they need to plan well
to manage changes carefully to succeed.
Limitation and Future Direction

This research focuses on the manufacturing
industry, highlighting the critical role of digital
transformation in optimizing operations and
enhancing firm performance. However,
organizations may encounter barriers such as
outdated infrastructure, lack of technical expertise,
and employee resistance, which can impede
successful implementation. Additionally,
challenges like cybersecurity threats and data
privacy concerns must be addressed for secure
technology adoption. The study's exclusion of
investigations in other languages may limit the
generalizability of findings across different
cultural contexts. Future research should explore
the impact of digital transformation in other
industries, such as retail, finance, and healthcare,
which may unique challenges
opportunities. By extending the scope to these
sectors, future studies could provide a
comprehensive  understanding  of  digital
transformation's effects on business performance,
leading to more tailored strategies and examining
these effects across different geographical contexts
would provide insight into how regional factors
influence the success of digital initiatives. Mixed-
method studies could further focus on making

face and

digital technologies more accessible, user-friendly,
and cost-effective in cross-industry collaborations,
offering valuable insights for both industry-
specific and cross-industry strategies.
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