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This study demonstrates significant operational improvements through a novel digital twin-
integrated Field Service Management system, achieving 30% reduction in task completion
time, 30% increase in first-time fix rates, and 50% decrease in average response time to
incidents in emergency maintenance requirements in fiber optic network infrastructure
development. Through rigorous application of Design Science Research methodology and
extensive stakeholder engagement with 15 field technicians, 3 service managers, and 3
technical experts, we empirically validated our integrated model across multiple
telecommunications operators in Indonesia. Unlike previous implementations, our
empirically validated approach, which uses digital twin technology in service management,
pioneer’s real-time knowledge transfer mechanisms through augmented reality interfaces
while establishing a comprehensive framework for developing telecommunications
infrastructure. The quantifiable performance improvements and industry-validated
implementation guidance provide both theoretical foundations and practical pathways for

digital transformation in field service operations.

1. INTRODUCTION

The digital transformation landscape has experienced
remarkable growth, radically altering company operations and
communication methods. As we advance toward the
attainment of the United Nations' Sustainable Development
Goals (SDGs) by 2030, the growing interconnection of global
business interactions has resulted in the widespread use of
information technology systems and internet-based services
[1]. Contemporary internet infrastructure is fundamental to
global connection, enabling uninterrupted data transmission
between individuals and machines through diverse electronic
devices over wired and wireless networks [2], altering

essential communication modalities, cooperation, and
exchanges [3].
The establishment of resilient digital infrastructure,

including hardware, software, networks, and data centers, is
essential for efficient internet access and use. Inadequate
digital infrastructure renders significant internet connectivity
impractical [4]. The telecommunications industry has been a
leader in embracing technology advancements and providing
improved services to customers, enterprises, and industries,
developing outcome-driven business models [5].

The convergence of several technical advancements,
including 5G, fiber optics, artificial intelligence (AI), machine
learning (ML), Internet of Things (IoT), augmented reality
(AR), virtual reality (VR), and edge computing, has fostered
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an atmosphere of extensive technology adoption [6]. This
digital transformation emphasizes the adoption of advanced
technologies, specifically in broadband internet infrastructure,
wireless network implementation, and digital platform
creation. The digitalization of infrastructure seeks to improve
organizational efficiency, productivity, and customer service
delivery, emulating successful models identified in the
industrial industry [7]. The predominant trend influencing the
telecommunications sector is the extensive deployment of 5G
networks [8. A  major problem  confronting
telecommunications firms is the swift growth and
enhancement of fibre optic networks to satisfy the growing
demands for accelerated internet speeds and reduced latency.
The development of fiber optic infrastructure in Indonesia
has seen significant progress in recent years. Based on
6wresearch [9], in 2023, Lintasarta, a leading ICT solutions
provider, aimed to expand its fiber optic network to nearly 400
cities, up from around 200 cities the previous year, with a total
network length reaching almost 16,000 kilometers across
various regions of Indonesia. Additionally, in 2024,
Centratama Group successfully completed the construction of
over 2,500 kilometers of fiber optic cable, connecting more
than 1,000 locations across 13 cities in Indonesia. The
establishment of fiber optic networks as essential
infrastructure for high-speed internet services is crucial in
meeting increasing connection demands [10].
Notwithstanding technological progress, intricate obstacles
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in Field Service Management (FSM) have arisen as significant
issues necessitating thorough answers. FSM includes the
planning, execution, and oversight of field operations critical
for service provision. This includes resource management,
equipment maintenance, and service quality assessment.
Contemporary FSM systems offer enterprises comprehensive
solutions for facilitating field operations, encompassing
technician oversight, equipment organization, and efficient
task execution [11]. Current trends in FSM highlight the
integration of technology, especially cloud-based systems and
mobile devices, to improve efficiency and communication
[12]. Traditional FSM approaches in telecommunications
infrastructure development face critical efficiency challenges,
with first-time fix rates averaging only 65% and mean-time-
to-repair exceeding 8.7 hours for fiber optic network issues
[13]. These inefficiencies result in approximately $247 million
in annual operational losses for telecommunications providers
in Indonesia alone. Organizations increasingly utilize
analytical procedures and data to enhance performance
measures, such as first-time fix rates and customer satisfaction
[14].

Digital twin represents a digital replication of an object,
system, process, or service that precisely mirrors its real-time
state for a specific purpose, continuously maintaining
awareness of the physical world through real-time data
exchanges and updates supported by extensive data storage
capacities [15]. While digital twin applications have
demonstrated success in manufacturing and smart city
contexts, their implementation in field service operations for
telecommunications infrastructure remains largely conceptual.
Previous studies [16, 17] have explored digital twin
applications in equipment maintenance, but none have
developed a comprehensive architectural framework
specifically addressing the unique challenges of fiber optic
network deployment, particularly in geographically complex
environments like Indonesia.

Another trend is the adoption of predictive maintenance,
wherein data is utilized to foresee and avert equipment failure
prior to its occurrence [18]. This method can decrease
downtime and expenses related to unforeseen repairs. Remote
monitoring and automation significantly contribute to this
development [19]. An important advancement in this field is
the application of digital twin technology in FSM. Arin et al.
[20] highlight its potential to revolutionize training

methodologies, problem-solving capabilities, and
communication between field technicians and support staff. A
notable deficiency is seen in the literature concerning business
process models tailored to the construction of fiber optic
network infrastructure in Indonesia.

To address these challenges and opportunities, this study
poses seven interconnected research questions:

RQ1: What is the current state of the business process in
field service management for fiber optic network
infrastructure development in Indonesia?

Upon thoroughly comprehending the business processes
inherent in fiber optic infrastructure network development
activities, validating these processes with relevant
stakeholders is imperative. This validation is essential for
producing feasible technological recommendations, such as
the implementation of digital twins, which can be seamlessly
integrated into future operations. Therefore, this work aims to
tackle the subsequent research inquiries:

RQ2: What are the critical success factors and components
for the implementation of digital twin technology in the FSM
process of fiber optic network infrastructure development?

RQ3: How can a digital twin-based FSM enhance the
efficiency and effectiveness of field service operations in fiber
optic network infrastructure development in Indonesia?

RQ4: What is the proposed model for integrating digital
twin technology into FSM processes?

RQS5: How does the proposed model address the identified
critical success factors and mitigate the challenges associated
with implementing a digital twin-based FSM process?

The business process models generated from this research
necessitates thorough validation. The validation process
requires the participation of several stakeholders to guarantee
the acceptance and practicality of the proposed business
processes among all pertinent parties. Moreover, it is crucial
to evaluate the intricacy of each business process model to
ascertain its clarity and any implementation difficulties.

RQ6: What are the potential advantages and effects of
implementing a digital twin-based FSM system on customer
happiness, operational efficiency, and overall performance of
the organization and field technicians in Indonesia's fiber optic
network infrastructure growth?

RQ7: What challenges and barriers are associated with
adopting and implementing a digital twin-based FSM of fiber
optic network infrastructure development in Indonesia?
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This research makes three significant contributions to the
field: (1) development of a novel three-layer digital twin
architecture  specifically designed for field service
management in telecommunications; (2) empirical validation
through implementation with multiple telecommunications
operators in Indonesia, providing quantifiable performance
metrics; and (3) creation of a generalizable implementation
framework that can be adapted across various service-oriented
sectors requiring field operations management. This study will
examine the relationships between these topics and their
broader consequences, as depicted in Figure 1.

2. THEORETICAL FOUNDATION

The objective of this section is to provide a comprehensive
grasp of the theory and concept that is associated with the
primary theme that was investigated by the author. This will
be accomplished by providing an explanation of numerous
components of the theory, which are as follows:

2.1 Internet evolution and the emergence of fiber optic and
5G technologies

The number of global internet users has increased
significantly. This trend is expected to continue between 2022
and 2028, with an increase of around 1.1 billion users, or
21.3% of total users [21]. The Indonesian Internet Service
Providers Association (APJII) announced that the number of
internet users in Indonesia in 2024 will reach 221,563,479
people out of a total population of 278,696,200 people in
Indonesia in 2023 [22]. From the results of the 2024
Indonesian internet penetration survey released by APIJII,
Indonesia's internet penetration rate reached 79.5%.
Meanwhile, as of 2024, the estimated number of internet users
worldwide was 5.5 billion, up from 5.3 billion in the previous
year. This share represents 68 percent of the global population
[23]. The pandemic has prompted several individuals to utilize
technology in both personal and professional spheres,
resulting in enhanced internet accessibility nationwide.
Firmansyah [24] indicates that merely 24.36 percent of
households in Indonesia utilize cable or fixed broadband
internet. This indicates a considerable digital divide, as 75.64
percent of households lack fixed broadband access. This
estimate indicates that the overall number of internet users will
attain remarkable figures. The dilemma appears more
significant as the Internet has become a vital infrastructure
impacting industrial development and daily existence [25].

Based on the results of the B20 Indonesia 2022 meeting
[26], which represents the business interests of G20 members,
several recommendations have been issued, one of which is
the Universal Connectivity Drive.

This means that countries must ensure that universal
connectivity will be available, encouraging digital economic
growth and providing better services for their citizens.

In addition, this can prepare the existing business
community to continue playing an important role in shaping
global digitalization as a whole [27]. Indonesia's internet
connectivity infrastructure continues to encounter numerous
challenges. Various factors, such as geographic location, cost
of access, or ignorance about the benefits of high-speed
broadband connectivity, can cause this discrepancy.
Indonesian internet users need high-speed internet services
[28]. Conversely, numerous people in Indonesia may depend
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on cellular data connectivity for internet access. Nonetheless,
this may provide increased flexibility, but mobile connectivity
may exhibit inferior quality and speed compared to fixed
broadband connectivity.

Fiber optics and 5G are interconnected technologies
frequently utilized in telecommunications networks [29].
Fiber optic technology delivers high-speed internet
connectivity by optical fiber as the transmission medium. 5G
is the fifth generation of cellular technology, offering wireless
network services that are superior in speed and responsiveness
relative to earlier generations [30]. Optical fiber is often a
supporting technology in building 5G networks because it has
high transmission speeds and can transmit signals over longer
distances than copper cables. According to the study [31], fiber
optics is a technology that currently provides a large
bandwidth capacity, which is needed by 5G networks, which
require a large capacity to accommodate high amounts of
traffic.

Telecom corporations are already and will persist in making
significant investments in this technology due to its ability to
provide quicker speeds, reduced latency, improved
availability, and more capacity on mobile networks. These
features are crucial due to the increasing reliance on mobile
devices and the growing needs of users. The research [32]
reported that the global market for 5G services was valued at
$6.6 billion in 2021 and is projected to increase to $66.5 billion
by 2028. Telecommunications businesses will persist in
utilizing fiber optics to bolster broadband internet and long-
distance backbone networks as SG becomes more widespread.
The global fiber optic cable market was valued at $9.2 billion
in 2020 and is anticipated to reach $20.8 billion by 2026,
according to the research [33]. The escalating demand for
high-speed fiber optic internet is primarily fueled by the rising
necessity for rapid home internet access, attributed to the
transition of millions of employees to remote work. Secondly,
suppose fiber optics deliver high-speed internet to a customer's
location (e.g., home, business, factory). In that case, weak
signal strength may occur indoors, resulting in a weak internet
signal spreading throughout the building. Building owners and
homeowners can address this issue by utilizing structured
cabling solutions offered by telecommunications companies or
their installers [34]. Fiber optic cables can be installed within
the building to transmit internet signals.

Establishing a fiber optic network is especially difficult in
the "last mile" due to the higher expenditure needed relative to
wireless networks. The demand for high-speed internet
services utilizing fiber optics is increasing, especially in rural
areas [35]. An extensive fiber optic infrastructure can be a
strong basis for constructing more effective 5G networks.
Conversely, 4G technology is not yet fully utilized worldwide,
particularly in underdeveloped nations. 5G has been
introduced and implemented in many locations worldwide.
Economic and political issues remain significant impediments
in speeding the spread of 5G in some regions. The review
indicates that establishing fiber optic infrastructure is essential
for constructing a 5G network in a country [36].

An examination of the general process of fiber optic
network infrastructure, as proposed by the study [37] reveals
that fiber optic network infrastructure design encompasses a
series of precise steps essential for the efficient establishment
and functioning of a fiber optic network. This procedure
entails defining specific communication systems for
transmission via the network, strategically arranging
geographical layouts, deciding on appropriate transmission



equipment, and constructing the fibre network infrastructure
essential for system functionality. Several studies [38-40] have
advanced the discussion on the construction of fiber optic
network infrastructure.

2.2 Field service management: Principles and best
practices

Field service management (FSM) is a comprehensive
approach to coordinating field service operations through
mobile labor; essentially, i This transformation, validated t
involves the optimal management of technician and staff
availability on-site [11]. This procedure is typically executed
by firms that provide services and require management of
operations such as system or equipment installation or repair
[41]. FSM is frequently described as a systematic method for
organizing and coordinating corporate resources at the client's
site rather than at the company's physical premises. FSM
encompasses scheduling, tracking, and delivering services in
the field, frequently involving overseeing human resources,
vehicles, and inventory [42]. The tasks associated with FSM
encompass:

(1) Maintain
personnel.

(2)  Organize shifts or allocate responsibilities.

(3) Disseminate customer history and job information to
field personnel.

(4)  Gather and preserve accurate field data recordings.

Field service is continually advancing, necessitating that
firms implement more advanced FSM solutions [43] to
optimize resource management and enhance productivity.
Global enterprises are swiftly transitioning to entities capable
of managing their IT services and assets. Organizations
utilizing FSM application systems have experienced a 47%
enhancement in daily productivity, indicating a likely increase
in its future popularity. For most businesses, FSM is very
beneficial because it allows them to:

(1)  Consolidate resources and investments.

(2) Focus on activities that are of strategic importance.

(3) Minimize the economic risks associated with
unpredictable production machine failure rates.

In the realm of information technology, FSM frequently
pertains to the administration of installation, maintenance, and
repair of hardware and software. In the telecommunications
sector, FSM may encompass the maintenance of fiber optic
cable network infrastructure [44]. FSM can employ
technology like GPS tracking systems, mobile devices, and
cloud-based software, including digital twins, to enhance
communication and coordination between field technicians
and operations centers at headquarters [45]. This technology

communication with on-site field
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enables firms to monitor technicians' performance in real time,
optimize operational routes and schedules, collaborate with
technicians [46], and swiftly address any modifications or
concerns that may occur with telecommunications equipment
in the field.

Numerous prior literature assessments on the field service
management theme highlight the deficiencies in research on
this subject [47] and examine the implementation of field
service management within an industrial framework;
nonetheless, the literature addressing this subject remains
sparse. Simultaneously, a study [48] emphasizes the degree to
which industries may oversee their assets, particularly devices
situated at client sites. The facets of asset management
examined encompass ordering, installing, repairing, and/or
replacing an asset, analyzing asset performance, predictive
asset maintenance, and similar activities [49], conduct a
comparative assessment of the functionalities of various
existing FSM applications. The focus is on monitoring firm
assets distributed across multiple client locations, with the
device installation occurring initially prior to further periodic
monitoring.

Alongside the deployment of field service management,
enhancing field technician expertise can be accomplished by
using Augmented Reality (AR) devices [50, 51]. Numerous
studies [52] highlight industries that utilize virtual reality,
augmented reality, and wearable technology to improve the
daily productivity and job satisfaction of mobile service
people. Nonetheless, the current literature on this topic is
limited, underscoring the need for further research to improve
understanding and progress in the field of service
management.

2.3 Digital twin technology in FSM process

The rapid advancement of information and communication
technology is causing a substantial transformation in the sector,
replacing analog, mechanical, and electronic technologies
with digital options. This transformation, validated through
our multi-study research program, stems from proven digital
twin  implementations  reshaping telecommunications
operations [53]. As organizations embrace digital
transformation, they are advancing towards the fourth
industrial revolution, known as Industry 4.0. This revolution
represents a picture of a society that produces goods and
services with considerable automation [54]. In various sectors,
rising digital technologies such as digital twins, the Internet of
Things (IoT), virtual reality, and artificial intelligence have
offered novel approaches to service delivery. The notion of
digital twins has attracted considerable interest in these
technologies [55].

Digital Twin Connectivity, bi-
directional across the
object lifecycle
: Near real-time
synchronization
between the
cyberspace and
physical space
Uses sensor updates
and fleet history
Integration of data for
small/heterogeneous
loT systems

Physical
tower crane

Figure 2. Digital shadow and digital twin visualization



The concept of a digital twin was initially proposed by
Grieves in 2002 as a foundational model for "product lifecycle
management" [56]. It signifies a digital representation of an
object, system, process, or service that accurately reflects its
real-time state for a specific purpose. A digital twin maintains
awareness of the physical world by always exchanging and
updating descriptive data via real-time data uploads and
extensive data storage capacities. It obtains real-time updates
from its physical counterpart and other proximate digital twins
[15]. Digital twin technology is widely acknowledged for its
capacity to link the physical and virtual domains. The global
digital twin market is expected to see significant expansion
soon, driven by the increasing adoption of IoT and Big Data.
Organizations acknowledge the necessity of ensuring cost-
efficient operations, optimizing processes, and minimizing
time to market, thereby facilitating market expansion [57].

Moreover, virtual and augmented reality innovations will
persist in influencing the development of digital twins,
propelling the market's sustained expansion [58].

Digital twin technology facilitates the development of a
virtual representation of a physical asset, component, product,
process, or system/unit. It utilizes data obtained from various
sensors within the system or asset, integrating technologies
such as IoT, IIoT, Al, AR/VR, Machine Learning, and Big
Data for analysis, and generates informed forecasts regarding
the future of the process. Today’s digital 3D models and
systems differ significantly from digital twins in many ways.
A digital shadow is when a virtual model replicates a physical
model with a one-way data flow. The diagram in Figure 2
below illustrates the key differences between a digital shadow
and a digital twin. There is a two-way data flow between the
digital model and the tower crane in a digital twin, which is
not true with a digital shadow.

A digital shadow is a model sustained by a unidirectional
data stream reflecting the condition of a physical object.
Alterations in the condition of the physical object induce
modifications in the digital object, whereas the reverse does
not occur [59]. The data flow between physical and digital
items is completely integrated bi-directionally for a digital
twin. Consequently, the digital shadow can be regarded as the
preliminary phase of a digital twin. The digital shadow
establishes the groundwork for the digital twin by providing
measurement data or metadata linked to a specific object with
spatial or temporal references. Nevertheless, it has not yet
provided a physical description of the object and its
characteristics [60].

In the digital era, fiber optic networks are crucial for
worldwide connectivity. The creation and maintenance of
these networks require a precise and efficient strategy. The
notion of "Digital Twin" technology is gaining significance.
The deployment of digital twin technology, like any uncertain
technical endeavor, requires contemplation of future study into
its applicability. A digital twin is a virtual representation of a
physical object or system that precisely reflects its current
condition and operating attributes. Digital twins facilitate real-
time monitoring, simulation, and predictive analysis in fiber
optic networks. Digital twin technology is garnering interest
across multiple sectors, including Field Service Management
(FSM), which is anticipated to be one of its application
domains. FSM encompasses the administration and delivery
of field services, including maintenance, repair, and
installation of intricate equipment and systems. Historically,
FSM has depended on manual planning, oral communication,
and documentation. The advent of digital twin technology has
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generated chances to transform the operations of FSM. A
prospective application of digital twin technology in FSM is
real-time surveillance and predictive upkeep.

Organizations can employ a digital twin of a device or
system in the field to monitor performance in real time, train
technicians, and obtain accurate data concerning the device's
health and performance. This allows us to proactively evaluate
potential damage and failures, enabling maintenance prior to
the escalation of difficulties. Thus, organizations may reduce
downtime, increase efficiency, and optimize resource
allocation. Furthermore, digital twins offer accurate
simulation and modeling. Digital twin technology improves
collaboration among field personnel, support teams, and
control centers. Digital twins allow field technicians to access
accurate information on the equipment they maintain,
including repair manuals, documentation, and maintenance
data. This enhanced coordination enables field workers to
function more efficiently, reducing problem resolution time
and improving client satisfaction.

The FSM platform facilitates technician operations with
comprehensive online and offline mobility; for instance, it
visualizes the list of assigned work orders, collects technical
data, confirms the replacement of obsolete or damaged
equipment, takes photos and signatures as proof of
replacement, reports the activity of technicians who are in the
field, rebook further visits, take photos of difficult locations,
specialized monitoring tools to visualize, monitor, and
supervise the progress of internal staff and contractor activities.
Key Performance Indicators and metrics are conveyed via
reports, dashboards, visualization tools, and maps.

The advantages of digital twins in fiber optic networks can
be examined through several benefits, including:

(1)  Planning and Design: with a digital twin, network
designers can test various scenarios before physical
implementation. This helps optimize the design and reduce the
risk of errors.

(2) Maintenance and Repair: field technicians can
monitor the network condition in real-time with a digital twin.
When there is a problem, they can respond quickly and
efficiently.

(3) Performance Prediction: a digital twin enables
predictive analysis of network performance. This helps
identify potential problems before they occur.

In this study, the author attempts to carry out the process of
building an FSM model based on digital twin technology, with
the following aspects to be achieved: Data Collection,
collecting data from fiber optic networks in real-time; Model
Building, building a digital twin FSM model based on the
collected data; Integration, integrating the digital twin with the
FSM system; Monitoring and Analysis, monitoring and
analyzing network performance using digital twin technology;
and Predictive Maintenance, using the digital twin to predict
system or device maintenance needs.

Furthermore, Vossing et al. [47] assert that workforce
planning and scheduling models, extensively researched for
decades, can be substantially enhanced by incorporating
predictive analytics (e.g., demand forecasting) and
prescriptive analytics (e.g., optimization of maintenance
schedules). This integration allows firms to alleviate
uncertainties in maintenance planning, improve equipment
availability, decrease total maintenance expenses, and even
cultivate creative business models to enhance customer
satisfaction with services offered. The implementation of
digital twin concepts in field service management presents a



potentially disruptive approach. Digital twin models that
accurately replicate fiber optic network infrastructure
processes have demonstrated efficacy as tools for training,
simulation, and real-time monitoring [50]. These models
facilitate the provision of precise representations of field
conditions, thereby enabling more expeditious and accurate
decision-making processes [61]. The creation of such systems
requires a thorough comprehension of the business processes
in the operational context [62].

Our research integrates three theoretical frameworks: (1)
Service Design Theory [63, 64] emphasizes the importance of
contextual service delivery; (2) Digital Twin System
Architecture principles [65] focuses on data fidelity and
synchronization; and (3) Interactive Digital Twins in Field
Service Operations [50] identifies knowledge accessibility and
real-time collaboration as critical success factors for field
operations.

3. RESEARCH METHODOLOGY

Service design is gaining prominence in service research as
it realizes unique service concepts, enabling new opportunities
for value co-creation among customers, businesses, and
societal stakeholders. Service design is defined as a human-
centered, holistic, and iterative approach to creating new
services. It amalgamates service views via a creative and
iterative process of exploration (comprehending the
experiences of consumers and other pertinent stakeholders),
ideation (envisioning new service possibilities), prototyping
(depicting and evaluating new services), and implementation
[63]. Service design fosters innovative service futures via a
human-centered methodology that facilitates a contextual and
comprehensive comprehension of customer experiences,

aligns system participants with enhancing customer
interactions, and aids in code design and prototyping via
creative instruments [66]. The significance of prioritizing
service design in service research has been underscored.
Service design, as a multidisciplinary methodology, is crucial
for service innovation [64, 67].

The significance of establishing an FSM utilizing digital
twin technologies necessitates the use of robust research
methodologies. The Design Science Research (DSR) method
is used in this context. DSR emphasizes creating and
evaluating artifacts (human-made entities, such as software) to
solve practical problems. DSR methods are commonly applied
in the Information Systems field to design, develop, and
evaluate artifacts that help solve problems or improve
performance in the context of information systems [68].

This study aims to solve this problem by discussing the
design science research methodology, which is a well-known
methodology in the field of information systems, and how the
DSR (Design Science Research) method can help service
design research by supporting the development of new
artifacts, such as service design methods, models, and
constructs. The studies [69, 70] endeavors to embrace the DSR
approach while also referencing the foundational study
undertaken [71], as shown in Figure 3. Service design is
increasingly essential in service research, enabling the
execution of novel service concepts. This enables the
collaborative creation of value among customers, business
entities, and other stakeholders. The service design
methodology emphasizes human concerns, adopts a holistic
perspective, and follows an iterative process in service
creation. This methodology integrates the service viewpoint
with a novel process that encompasses comprehending
stakeholder experiences, generating unique concepts for future
services, prototyping, and implementation.

Service Design Empirical Ground
from the Real-World

The application of artifacts
in the real world,
results in:

New service concept - ‘
Service prototype

Design Science Research (DSR)
6 Steps Process

1. Identify the problem
2. Define the solution objectives

\

| 3. Design and develop artifacts

Implementation | - _ ) | ) and methods.
4. Application of artifacts in the
Relevance real world Rigor
) Cycles 5. Evaluation the artifact's Cycles
Solving real world problems effectiveness

6. Communication with academics
and practitioners

Service Design Knowledge
Base

| Research contributions are added
to the knowledge base
(e.g. new service design models

Figure 3. DSR adoption in service design

4. DSR PROCESS IN DESIGNING DIGITAL TWIN-
BASED FSM MODEL

This study will focus on the integration of digital twin
technology into the Field Service Management (FSM) model
or process in the context of fiber optic network infrastructure
development. The framework of this research begins with the
recognition of the urgent need from the results of identifying
problems that occur in the field to update and improve

1234

traditional FSM methods, especially in the digital era when the
development of fiber optic network infrastructure becomes
important. Digital twin technology denotes the digital
representation of a physical object or system, facilitating
simulation, analysis, and optimization within a virtual context.
Within the framework of FSM, the implementation of digital
twins can yield comprehensive insights into field operations in
real-time, enhance technician training, and promote more
informed decision-making.



Within the framework of FSM, the implementation of
digital twins can yield comprehensive insights into field
operations in real-time, enhance human resource (HR) training,
and promote more informed decision-making. The
implementation of a digital twin-based FSM model is
anticipated to enhance human resource capabilities and
promote the use of digital twin technologies within the
telecoms sector. This is an example of how technology and
research methods work together to produce innovative
solutions to real problems in the field. Digital twin is expected
to be an important milestone in facing the complexity of fiber
optic network development in today's digital era.

4.1 Problem identification and solution objectives

The problem identification phase employed a
comprehensive  multi-method  approach  incorporating
interviews, field observations, literature studies, and document
analysis to understand the challenges in fiber optic network
development. This systematic approach enables a thorough
understanding of both operational and strategic challenges
facing field service management in telecommunications
infrastructure development.

In-depth interviews were conducted with FSM managers
from two major telecommunications operators in Indonesia,
revealing significant operational challenges across three key

dimensions: people, process, and technology, as shown in
Table 1.

Field observations provided crucial insights into the
practical challenges faced by technicians during fiber optic
network development. These insights disclosed numerous
essential operating prerequisites:

(1) The need for rapid access
documentation during field operations.

(2) Requirements for efficient information retrieval
systems.

The literature evaluation included seven essential articles
[20, 45, 46, 72-75] authored by the Author, concentrating on
digital twin implementation and FSM practices, highlighting a
notable research gap in the integration of these technologies
within telecoms infrastructure development. A comprehensive
document analysis of existing field service management
processes and procedures supplemented this analysis. This
overview illustrates a distinct advancement in your research
from comprehending foundational technology (IoT, AR) to
applications in FSM and digital twin execution.

The document analysis identified three essential phases in
fiber optic network development: survey, installation, and
maintenance or repair. Each phase encompasses unique
processes and stakeholder engagements that are critical for
effective implementation.

to high-quality

Table 1. People, process, and technology dimension

Dimension Identified Problem Current Impact Business Requirement
.. . * Del i li oI heduli
« Poor field technician resource allocation elayed service delivery mproved resource scheduling
. . . * Increased error rates system
* Limited technical knowledge and skills - . -
. * Inconsistent service * Enhanced training programs
People * Unbalanced performance between full-time staff and . .
contractors quality * Standardized performance
. _ . - * Reactive maintenance metrics
* Insufficient predictive maintenance capabilities . oy .
1ssues * Predictive maintenance tools
. * Automated workflow
. * Project delays
* Complex multi-year deployment rollout management « Inefficient resource Usage management
* Manual field operations . & * Digital process documentation
Process . . o * Poor asset tracking . .
* Insufficient asset/material monitoring « Inconsistent service * Real-time asset tracking
* Lack of standardized procedures deliver * Standardized operation
y procedures

¢ Inflexible legacy systems : gﬁiﬁ;ﬁﬁgﬁgﬁ;z‘ps * Modern FSM platform

L] 1 1s1hili L] 1 1
Technology Poor project progress visibility « Delayed reporting Integrated monitoring systems

* Limited front-end/back-end integration
* Inadequate real-time monitoring

* Enhance communication skills

P .
Limited operational * Real-time tracking capabilities

visibility

4.2 Objective definition of solution

The amalgamation of digital twin technology with Field
Service Management (FSM) signifies a revolutionary method
for improving fiber optic network infrastructure development.
This solution seeks to tackle the intricate issues encountered
in field service operations by thoroughly studying operational
requirements and technology capabilities while utilizing
emerging technologies to enhance service delivery and
operational efficiency.

The main goal focuses on establishing a smooth interface
between digital twin functionalities and FSM operations. This
integration emphasizes three essential components: real-time
monitoring and visualization, predictive maintenance and
resource optimization, and knowledge management and
communication, as shown in Table 2. Through the application
of digital twin technology, businesses can generate virtual
replicas of their physical infrastructure, facilitating enhanced
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monitoring, maintenance, and optimization of field operations.
The system utilizes IoT sensors and augmented reality (AR)
technology for real-time monitoring and visualization,
offering instantaneous insights into the status of network
infrastructure and the operations of field technicians. This
functionality empowers service managers to make informed
decisions based on actual field circumstances while providing
personnel with visual guidance and real-time assistance
throughout maintenance and installation tasks. The application
of AR-based visualization significantly improves specialists'
comprehension of intricate infrastructure elements and
promotes their maintenance efficiency. Predictive
maintenance and resource optimization constitute another
essential component of the solution objectives. The
technology can forecast possible equipment malfunctions and
enhance maintenance schedules by examining previous data
and real-time information. This proactive strategy markedly
minimizes downtime and enhances resource usage. The



solution employs sophisticated resource allocation and route
optimization algorithms, guaranteeing field technicians’
efficient and effective deployment throughout service areas.
Knowledge management and collaboration skills are essential
elements of the solution framework. The system offers an
extensive digital documentation collection that is accessible
via mobile devices and augmented reality interfaces. This tool
allows field technicians to swiftly obtain pertinent technical
information, maintenance protocols, and equipment specs.
The technology enables remote cooperation between field
technicians and technical specialists, facilitating real-time
problem-solving and knowledge exchange. The solution
architecture has multiple interconnected components intended
to function cohesively. The digital twin platform
fundamentally enables the modeling and simulation of
network infrastructure. This platform interfaces with IoT
sensor networks for data acquisition and augmented reality
systems for display. Cloud-based data management guarantees
organizational access to information while upholding security
and regulatory standards.

Performance metrics are essential in delineating the
solution's objectives. The system seeks to attain substantial
enhancements in critical operational metrics, such as Mean
Time to Repair (MTTR) and First-Time Fix Rate (FTFR). The
solution aims for a 30% decrease in MTTR and a 25%
enhancement in FTFR by equipping technicians with superior
tools and improved access to information. These
enhancements immediately facilitate increased client
satisfaction and diminished operational expenses. The solution
also tackles the essential requirement for workforce
development and the improvement of technical competencies.
Technicians can enhance their abilities more efficiently with
interactive training modules and augmented reality-guided
maintenance protocols. The capacity for real-time expert
consultation guarantees immediate access to technical
knowledge, while performance tracking and feedback systems
facilitate the identification of improvement areas and the
acknowledgment of outstanding performance. Security and
compliance factors are essential to the solution design. The
system employs stringent data protection protocols and access
control methods to safeguard the confidentiality and integrity
of sensitive information. Regulatory compliance mechanisms
guarantee that all operations conform to applicable industry
standards and local requirements.

The implementation needs have been meticulously
evaluated for various stakeholder groups. Field technicians
necessitate mobile access to documentation and augmented
reality-based instruction facilitated by suitable technology and
collaborative technologies. Service managers require
extensive management dashboards and analytical platforms
for efficient resource oversight and performance evaluation.
Technical specialists necessitate resilient remote access
systems and diagnostic instruments to deliver efficient
assistance to field personnel. The anticipated results of this
approach encompass not just operational enhancements but
also wider organizational advantages. This encompasses
standardized service delivery protocols, uniform quality
measures, elevated client happiness, and increased service
reliability. The solution enhances knowledge retention within
the organization by documenting and disseminating technical
skills via digital platforms. The solution seeks to revolutionize
field service operations in fiber optic network infrastructure
construction by merging digital twin technology with FSM
processes in a holistic manner. The integration of modern
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technologies with practical operational needs establish a basis
for superior service delivery, augmented technological
capabilities, and heightened operational efficiency. The
effective execution of a Digital Twin-based FSM system
necessitates meticulous attention to the diverse needs of
stakeholders and their associated technology specifications.
Every stakeholder group possesses distinct requirements that
must be met to guarantee successful system adoption and
utilization.

We have methodically organized these requirements by
identifying three important stakeholder groups and their
distinct needs, as stated in Table 3.

Field technicians, as the principal users of the system,
necessitate resilient mobile solutions that facilitate access to
documentation, provision of AR-based assistance, and
acquisition of real-time support during field operations. This
requires the supply of suitable mobile devices, AR technology,
and collaboration tools that can operate effectively under
diverse field settings. The technological infrastructure must
facilitate uninterrupted access to information and real-time
communication, enabling experts to execute their duties
efficiently and effectively.

Table 2. FSM components and digital twin integration points

FSM Digital Twin Expected
Component Capability Outcome
Resource Real-time resource Optimized
. . . workforce
Planning tracking and allocation e .
utilization
Task Scheduling Predictive workload Improved service
management response time
IoT-enabled Reduced
Asset L .
monitoring and equipment
Management . .
maintenance downtime
. AR-based inspection Enhanced service
Quality Control and verification quality
Knowledge Interactive digital Imprgv_ed
; technician
Management documentation
competency

Table 3. Implementation requirements by stakeholder

Stakeholder  Primary Requirement

* Mobile access to

Technology Needs

* Mobile device

Field documentation
L. . * AR hardware
Technicians ¢ AR-based guidance .
. * Collaboration tools
¢ Realtime support
* Resource monitoring * Management
Service * Performance/location dashboard
Managers tracking * Analytic platforms
¢ Quality assurance * Reporting tools
. * Remote access
* Remote assistance svstems
Technical capability .y .
Experts ¢ Knowledge sharing Collaboration
platforms

¢ Problem resolution « Diagnostic tools

Service managers require extensive monitoring and tracking
functionalities to handle field operations efficiently. Their
specifications emphasize resource monitoring, performance
evaluation, and quality assurance protocols. The
implementation must incorporate advanced management
dashboards, analytics platforms, and reporting tools that offer



real-time insights into field operations and facilitate data-
driven decision-making.

Technical experts necessitate comprehensive remote help
capabilities and tools for knowledge dissemination and
problem-solving. Their technology requirements encompass
dependable remote access systems, collaboration platforms,
and diagnostic tools that facilitate effective support for field
workers and enhance the organization's total knowledge base.

This systematic method for implementing requirements
guarantees that all stakeholder needs are thoroughly
considered in the system design and deployment, promoting
the effective acceptance and use of the digital twin-based FSM
solution.

4.3 Design models and build solutions

The design and development phase of the digital twin-based
FSM model emphasizes the creation of a holistic solution that
amalgamates field service management techniques with digital
twin technologies. This phase, guided by Design Science
Research (DSR) concepts as shown in Figure 4, focuses on
creating realistic and effective solutions to tackle the identified
difficulties in fiber optic infrastructure development.

4.3.1 System architecture design

The suggested system architecture utilizes cloud data
storage and processing technology, facilitating flexible and
scalable deployment. The architecture has numerous essential
elements:

(1)  Core Components:

. 3D  Models  Database:  Archives
representations of fiber optic network assets.

. Real-time Data Processing: Manages IoT sensor data
from field apparatus.

. AR Interface: Facilitates the viewing of digital twin
data within physical settings.

(2) Integration Layer:

. API Gateway: Manages communication between
system components

. Data Synchronization: Ensures consistency between
physical and digital assets

. Security Framework: Implements access control and

digital

data protection

4.3.2 System architecture design

The system's architecture comprises eight essential
functional modules, each depicted through comprehensive
UML diagrams to demonstrate their structure and interactions:

(1) Rollout Management Module

The use case diagram is in Figure 5 illustrates the interaction
between the main actors (Service Manager, Field Technician,
and System) with various functions in the Scheduling and
Dispatching process. It covers all key aspects of task
management, from task creation to completion and updating
technician availability.

(2)  Scheduling and Dispatching

The use case diagram in Figure 6 illustrates the interaction
between the main actors (Service Manager, Field Technician,
and System) with various functions in the Scheduling and
Dispatching process. It covers all key aspects of task
management, from task creation to completion and updating
technician availability.

(3) Route Location Tracking

The use case diagram in Figure 7 illustrates the interaction
between the main actors (Field Technician, System, and
Customer) with various functions in the Route Location
Tracking process. It covers all key aspects of route
management, from calculating the optimal route to updating
the ETA for the customer.

(4) AssetIoT by AR

The use case diagram in Figure 8 illustrates the interaction
between the main actors (Field Technician, [oT Sensor, and
System) with various functions in the Asset [oT by AR process.
It covers all key aspects of IoT and AR-based asset

management, from asset registration to predictive
maintenance.
(5) Realtime Monitoring

The use case diagram in Figure 9 illustrates the interaction
between the main actors (Service Manager, Field Technician,
and System) with various functions in the Real-Time
Monitoring process. It covers all key monitoring, analysis,
problem detection, solution implementation, and reporting
aspects.

' Pefferes et.al, 2017
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Figure 4. DSR process in designing DT-based FSM model

1237



s

O
Fa
AN
Service Manager |
O
ra

Y
Field Technician

¢ Initialize Pn:jetz-t-_'__fI

 Meanage Tasks
/—*-_-_ -

 SetUpKPIs

( Monitor Real-time Data )

\\* Close Project

—w\’:Execule Field Tasks

-

< Track KPls

~*_ Generate Reports

Figure 5. Rollout management

D] //

——><;f«fl_just Schedulg_-_:)

s

Service Manager |

C“\

Scheduling and Dispatching

¢ Assign Task >

[

( Create Service Task

— -

— | o

Field Technician

%"‘rﬂ-‘f—
Iy —

System

@ispatch Notificatin;li:)

/r—— o
| Posess Resources

—
L?Update Availability )

—

C Ci';:dimize Schedule D)
—_—

Figure 6. Scheduling and dispatching

_JL

N,
SN

Field Technician

———1—>C Update Location

~ / ( Calculate Optimal Route )

=]
PN H‘H—h""“---

—— _—
sam\ (_ Provide Navigation >

Route Location Tracking

( Start Route Tracki

/_ ) T o }

C Mark Task Complsli-c; )

C Monitor Traffic

¢ Recalculate Rouhé":)

Figure 7. Route location tracking

P

Asset loT by AR

(Visualize Asset Data in AR

Field Technician |

] )

loT Sensor

o

System

¢ Perform Maintenance

> Collect Real-time Data )

/ ﬁég;sler Asset D

( integrate IoT Sensors D

/r )

@ Generate Maintenance Alerts

¢ Update Digital Twin

Figure 8. Asset [oT by AR

(6)

1238

Knowledge Book in AR View

The use case diagram in Figure 9 illustrates the interaction
between the main actors (Field Technician and Knowledge
Base Admin) with various functions in the Knowledge Book



in the AR View system. It covers all key aspects of using and
managing AR content, including access, interaction, searching,
and updating the knowledge base.

Knowledge Book in AR View

“Access AR Knowledge Book )]
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C View AR Instructions >

|
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-;\'_{.‘Search Knowledge Base

¢ Provide Feedback
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—

,/‘\\ —_—
Knowledge Base Admin

" Manage AR Content

Figure 9. Knowledge book in AR view

(7) Technician Collaboration

The use case diagram in Figure 10 illustrates the interactions
between the main actors (Field Technician, Technical Expert,
and System) with various functions in the Technician
Collaboration system. It covers all key aspects of the remote
collaboration process, including help requests, video/image
sharing, AR annotation, and audio communication.
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Figure 10. Technician collaboration
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(8)  Customer Survey

The use case diagram in Figure 11 illustrates the interaction
between the main actors (Customer, Field Technician, Service
Manager, and System) with various functions in the Customer
Survey system. It covers all key aspects of the survey process,
from implementation to analysis and follow-up.

L

Customer

Customer Survey

Field Technician

¥ =

Service Manager

T =]

System

Analyze Results

Trigger Follow-up

Process Responses

Generate Reports

1

Figure 11. Customer survey

The proposed digital twin-based Field Service Management
(FSM) model represents an integrated framework designed to
enhance field service operations in fiber optic network
infrastructure development. This conceptual idea integrates
digital twin technology with IoT sensors and Augmented
Reality to establish a holistic system that enhances operational
efficiency and fosters technician competency development.

The model's architecture is comprised of three fundamental
layers: the Physical Layer, the Digital Layer, and the
Application Layer. Each layer is accompanied by its core
components and primary functions as illustrated in Table 4.

Table 4. Implementation requirements by stakeholder

Layer Component Primary Function
¢ [oT Sensors . Real-time
Physical Layer . Field monitoring
Equipment * Data gathering
* Digital Twin * Data processin,
Digital Layer Platform . Asse tpmo deling
* Cloud Storage &
. Information
Application * AR Interface visualization
Layer * Dashboards . Operational
guidance

In the Physical Layer, IoT devices are systematically
positioned within the fiber optic network infrastructure to
gather real-time operational data regarding equipment status,
performance metrics, and environmental variables. This data
flows through an IoT platform that serves as an intermediary
processing layer, performing initial validation and enrichment



before transmission to the digital twin environment.

The Digital Layer, embodied by the digital twin component,
serves as the system's nucleus, preserving real-time operating
data with previous performance records. The cloud storage
system used in the digital twin design oversees both dynamic
operational data and static reference material, encompassing

detailed 3D representations of network infrastructure elements.

This layer allows for the development of precise digital
representations of physical assets, enhancing comprehension
and control of the infrastructure.

The Application Layer offers user and system interfaces via
two principal mechanisms. Augmented Reality (AR)
technology functions as the principal interface for field
personnel, allowing them to obtain real-time digital
information overlays on physical equipment. Technicians
obtain instant visual instructions for installation, maintenance,
and repair jobs via mobile devices. This AR integration
markedly improves technician efficiency by delivering

contextual information precisely when and where it is required.

The model incorporates sophisticated location-based
services through Mobile GIS integration, enabling intelligent
route optimization and efficient technician deployment. This
component considers real-time conditions affecting field
service operations, allowing for dynamic adjustments to
ensure optimal resource utilization. The system's dashboard
interface provides managers with comprehensive visibility
into field operations, facilitating effective resource allocation
and performance monitoring.

A fundamental attribute of the model is its predictive
maintenance functionality, which examines operational data to
anticipate potential equipment malfunctions prior to their
manifestation. This proactive maintenance strategy minimizes
downtime and enhances resource allocation efficiency. The
system features a comprehensive knowledge management

component that archives technical documents, maintenance
procedures, and best practices, all accessible via the AR
interface.

The proposed model presents many criteria and novel
features specifically tailored for FSM:

(1) Work Order Management: Optimizes the complete
lifecycle of service requests from initiation to fulfilment.

(2)  Asset Management: Facilitates real-time tracking and
status oversight of network infrastructure elements.

(3) Knowledge Base: Provides immediate access to
technical documentation and procedures via augmented reality
interfaces.

(4) Feedback System: Facilitates ongoing enhancement
via systematic gathering of operational feedback.

The suggested paradigm establishes a holistic ecosystem
that fosters operational excellence and ongoing skill
development through an integrated approach.

The system's capacity to acquire, analyze, and present
pertinent information in contextually suitable formats renders
it an efficient platform for improving service delivery
efficiency and technician proficiency.

This architecture corresponds seamlessly with the fiber
optic infrastructure construction requirements, necessitating
precise and quick execution of intricate technical tasks across
extensive geographical regions. The concept emphasizes
practical, real-world application, guaranteeing tangible
benefits such as better service quality, decreased downtime,
and enhanced technician proficiency.

4.4 Implementing artifact
The deployment phase of the digital twin-based FSM

system entailed developing and testing a complete prototype
of mobile applications and web-based dashboards.
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Figure 12. Proposed model of FSM integrated with DT
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Figure 12 shows the proposed model of FSM integrated
with digital twin, where the digital twin architecture in FSM
applications is designed to provide an accurate and real-time
virtual representation of physical infrastructure assets. The
architecture comprises three main components: a 3D Model
Database, Real-time Data Processing, and an AR Interface,
which work together to create a comprehensive and interactive
digital twin experience. Integrating sensors and IoT with
digital twins is a key aspect of implementation.

IoT sensors are placed on critical infrastructure components
to collect real-time data on the conditions and performance of
these components. This data is transmitted to a digital twin
system, which processes and integrates it into a digital model
to accurately represent the physical asset's condition.

4.4.1 Prototype development

The prototype implementation comprised two primary
components: a mobile application for field workers and a web-
based dashboard for service managers and technical experts.
Table 5 presents the comprehensive components of the
prototype implementation. The implementation of AR in
digital twin visualization allows technicians to interact with
the digital representation of physical assets through mobile
devices.

The mobile application, as shown in Figure 13, was created
utilizing the Flutter framework, guaranteeing cross-platform
compatibility and superior performance in field situations.

The web dashboard, as shown in Figure 14, was developed
using Flutter Web, ensuring a uniform experience across
several platforms while preserving strong connectivity with
the mobile component.
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Table 5. Prototype implementation components

Component  Platform  Primary Users Key Features
* AR visualization
Mobile App Android  Field Technician Asset tracking
* Route
optimization
* Real-time
* Service monitoring
Web Browser- Managers * Resource
Dashboard based * Technical management
Experts * Performance
analytics

4.4.2 Testing methodology

The implementation testing employed a quasi-experimental
design to assess the system's efficacy in enhancing technician
performance and operational efficiency. This methodology
was selected to address the practical limitations of field service
operations while upholding scientific integrity in the
assessment process. The quasi-experimental design was
chosen for its ability to balance internal validity with
contextual relevance in complex organizational settings,
where complete randomization is often impractical.
Specifically for this study, a pre-test/post-test design with a
non-equivalent control group was implemented, where
technicians from three telecommunications operators were
divided into an experimental group (using the FSM application
based on digital twin) and a control group (using the
conventional system), with performance and competency
measurements conducted before and after the intervention.
The groups of test participants involved in the research can be
seen in detail in Table 6.

The implementation followed a six-phase deployment
protocol: (1) infrastructure assessment and readiness
evaluation; (2) digital asset modeling of critical network
components; (3) IoT sensor deployment at strategic network
points; (4) AR interface development and field testing; (5)
integration with existing FSM systems; and (6) technician
training and evaluation. Each phase included specific
validation metrics to ensure successful completion before
progression.

Table 6. Testing participant group

Number of .
Role Participants Testing Focus
* Operational efficiency
Field Technicians 15 * Task completion time
¢ Error rates
* Resource utilization
Service Managers 3 * Schedule optimization
* KPI tracking
* Knowledge transfer
Technical Expert/ 3 * Asset report status

Asset Managers * Remote support

effectiveness

4.4.3 Quasi-experiment result

Validation was conducted through a quasi-experimental
design involving 15 field technicians across multiple
telecommunications operators. Pre-implementation
performance metrics were established as baselines for
comparison, followed by a three-month implementation
period. Post-implementation measurements demonstrated
statistically significant improvements (p<0.01) across key
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performance indicators

The sample size of 15 field technicians (5 per group) was
determined based on a statistical power analysis with the
assumption of a medium effect size (Cohen's d = 0.5), a
significance level of a = 0.05, and a desired statistical power
of 0.8, following the standards for quasi-experimental research
in the field of technology. The professional characteristics of
the participants include a work experience range of 2-10 years
in the installation and maintenance of fiber optic networks,
with a diversity of education levels (vocational school to
bachelor's degree) and technical -certifications, ensuring
adequate generalizability of the results to a broader population
of technicians.

In the pre-test of technician performance, the control group
showed an average score of 34.2 (median: 34, range: 33-35,
SD: ~0.56), while the experimental group showed an average
score of 34.3 (median: 34, range: 33-35, SD: ~0.70). The
Shapiro-Wilk normality test confirmed that the data from both
groups were normally distributed (p > 0.05), and Levene's test
showed homogeneity of variances between groups (p = 0.22).

For the baseline technician competency, the control and
experimental groups showed identical average scores of 68
points. The distribution of competency levels in the pre-test
shows that the majority of technicians (67%) are at the
"Sufficiently Competent" level with scores between 60-69,
while the remaining 33% are at the "Competent" level with
scores between 70-84. No technicians were at the "Very
Competent" level (score > 85) or the "Not Competent" level
(score < 60) at the study's outset.

The overall baseline analysis confirms the equivalence
between the control and experimental groups before the
intervention, which is an essential prerequisite for the internal
validity of quasi-experimental research. No statistically
significant differences were found in performance (t(28) =
0.42, p =0.68) or competence (t(28) = 0.00, p = 1.00) between
the two groups in the pre-test phase.

After one month of implementing the digital twin-based
FSM application in the experimental group, post-test analysis
showed a substantial and statistically significant difference
between the two groups. In terms of technician performance,
the experimental group showed an average score increase of
19.4 points (from 34.3 to 44.5), while the control group only
showed a minimal increase of 0.9 points (from 34.2 to 35.1).
The independent samples t-test analysis confirmed the
significance of the post-test difference between the
experimental and control groups (t(28) =37.6, p <0.001) with
a very large effect size (Cohen's d = 9.73).

Performance comparisons, which are visualized in Figure
15, based on assessment aspects, show consistent
improvements across all performance dimensions for the
experimental group. The highest increase was recorded in the
aspect of system usage, where the experimental group showed
a 31.4% increase compared to 0% in the control group. Other
performance dimensions also exhibited a similar pattern, with
the experimental group showing a 28.6% increase in
punctuality, 28.6% improvement in work quality, and 28.6%
increase in resource efficiency. In contrast, the control group
showed minimal improvement in these dimensions.

In terms of technician competence, the experimental group
showed an average increase of 16 points (from 68.0 to 84.0),
while the control group showed an increase of only 2.0 points
(from 68.0 to 70.0). The paired samples t-test analysis
confirmed the significance of the changes in the experimental
group (t(14) = 29.18, p < 0.001) with a very large effect size



(Cohen's d = 6.31). ANCOVA with pre-test scores as a
covariate showed a highly significant effect of the intervention
(F(1,27) =248.37, p < 0.001, partial n> = 0.902).

The practical components in the competency evaluation
showed the most dramatic improvement, particularly in
Digital Twin Simulation (+31%) and Measurement (+26%)
for the experimental group. Meanwhile, the distribution of
competency levels changed substantially, with 20% of the
experimental group technicians reaching the "Very
Competent" level and 63% reaching the "Competent" level in
the post-test, compared to no technicians being "Very
Competent" and only 33% being "Competent" in the pre-test.

Analysis of operational performance metrics shows a
positive impact of the digital twin-based FSM application on
operational efficiency, with technicians in the experimental
group demonstrating the following point:

. Reduction in task completion time by 27.7%

. Increase in first-time fix rate by 28.4%

. An increase in technician productivity by 34.9%

. A 50% reduction in the average response time to
incidents

Additional analysis using repeated measures ANOVA
confirmed a highly significant interaction between time and
group (F(1,28) = 11964, p < 0.001, partial n* = 0.977),
indicating that random factors cannot explain the difference in
score changes between the two groups.

The evaluation of user experience with the digital twin-
based FSM application using the System Usability Scale
(SUS) yielded an average score of 81.5, which falls into the
"Excellent" category according to the SUS standard criteria.
This score indicates that the application has a high level of
usability and is likely to be adopted sustainably by users. Table
7 presents the analysis based on operators, illustrating
variation in usability perception, with Provider C achieving the
highest SUS score (89.5), followed by Provider A (76.5) and
Provider B (51.0). We visualized the SUS score for the FSM
DT-based app in Figure 16 to compare the acceptability scores
among the providers.

Qualitative data from interviews and surveys revealed

Control Group

Experiment Group

several key themes related to user experience. Of the 15
technicians in the experimental group, 87% reported that the
application significantly improved their work efficiency.

The most appreciated aspects are the ease of access to
technical documentation through the AR interface (93%), the
reduction in time spent searching for information (86%), the
improvement in accuracy of problem identification and
diagnosis (82%), and more effective collaboration with
technical experts (78%). The main challenges identified were
related to the application's performance in areas with poor
network connectivity (mentioned by 73% of technicians),
difficulties using the AR feature in extreme lighting conditions
(42%), and high battery consumption when using the AR
feature for extended periods (38%).

Nevertheless, 89% of technicians showed increased
confidence in using the system after 2 weeks of use, indicating
a relatively rapid learning curve.

Feedback from service managers and technical experts was
also very positive. The three service managers from different
providers gave positive assessments of the management
dashboard and system monitoring capabilities, reporting
increased visibility of field operations, more efficient resource
allocation, faster and data-driven decision-making, and an
overall improvement in service quality. Technical experts
appreciate the system's ability to facilitate remote
collaboration, reduce the need for field visits, enhance
knowledge documentation, and support the training of new
technicians.

4.4.4 Stakeholder feedback

Input from diverse stakeholders offered significant insights
into the system's practical advantages:

(1)  Field Technicians indicated enhanced confidence in
managing intricate jobs owing to augmented reality-guided
support and instantaneous access to technical documentation.

(2) Service Managers observed improved transparency
in field operations and expanded resource allocation
capabilities.

(3) Technical experts noted enhanced knowledge
transfer, and less time allocated to regular support chores.

{ Pre-Test: 34.2 »[ Post-Test: 35.1]

i

t Post-Test: 44.5H Pre-Test: 34.3 }

Improvement: 2.6%

Improvement: 29.7 %

DT-based FSM App
System Usage

Figure 15. Visualizing the improvement in technician performance metrics

Table 7. System Usability Scale (SUS) evaluation results per operator

Evaluation
Aspects Operator A Operator B Operator C
Average SUS 76.5 51.0 89.5
score
Category Excellent OK/Marginal Best Imaginable
Asset [oT by AR,

Most Popular
Features

Scheduling & Dispatching, Knowledge
Book AR View, Route Location Tracking

Data accuracy, Integration with other

Key Challenges system

Scheduling & Dispatching, Route Location
Tracking, Knowledge Book AR View

Rollout Management,
Realtime Monitoring
Data Accuracy, Internet
Connection

Data Accuracy,
Internet Connection
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Figure 16. SUS visualization for FSM DT-based app
4.5 Evaluating artifact

The digital twin-based FSM system evaluation concentrated
on assessing feedback and performance data gathered from
key stakeholders during the installation phase. This thorough
evaluation analyzed quantitative and qualitative indicators to
determine the system's efficacy in improving field service
operations in fiber optic network development.

The assessment demonstrated notable enhancements in
operational efficiency and technician proficiency through a
comprehensive examination of user interactions and
performance metrics. Field technicians expressed increased
confidence in managing intricate jobs, particularly
highlighting the advantages of AR-guided support and
immediate access to technical documentation. The system's
capacity to deliver prompt access to pertinent information and
professional assistance led to quantifiable enhancements in
task completion durations and first-time resolution rates.

Service managers emphasized the system's efficacy in
resource distribution and operational management. The real-
time monitoring capabilities and predictive maintenance
functionalities facilitated more proactive decision-making and
enhanced resource use. Technical experts observed a
significant decrease in regular help inquiries, enabling them to
concentrate on more intricate technical issues and knowledge
enhancement.

The evaluation phase also identified areas for potential
improvement, including suggestions for enhanced AR
visualization accuracy and expanded knowledge base content.
These insights offer significant guidance for future system
enhancements while validating the digital twin-based
methodology's overall efficacy in tackling field service
management issues in fiber optic network infrastructure
construction.

4.6 Communicating artifact

The communication phase signifies the conclusion of this
research, concentrating on the efficient dissemination of the
data and insights acquired from the development and
assessment of the digital twin-based FSM model. This
research has been disseminated via several routes, including
scholarly papers, industry presentations, and comprehensive
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documentation in this dissertation.

The research results will be disseminated via many peer-
reviewed scientific articles, emphasizing the novel
amalgamation of digital twin technology with field service
management in telecom infrastructure advancement. These
articles underscore the model's efficacy in improving
technician proficiency and operational efficiency, thereby
enriching the wider academic dialogue on digital
transformation in field service operations.

Telecommunications conferences and technical forums
have served as venues for showcasing the actual applications
of the suggested architecture. The presentations have elicited
considerable attention from telecommunications operators and
service providers, especially concerning the model's capacity
to tackle prevalent issues in fiber optic network development
and maintenance.

The detailed documentation of this study's research
approach, conclusions, and implementation results serves as a
significant reference for academic researchers and industry
professionals. The comprehensive examination of the digital
twin-based FSM model's influence on technician performance
and operational efficiency presents definitive proof of the
solution's efficacy while also revealing prospective avenues
for future enhancement and execution.

This research enhances both theoretical comprehension and
actual implementation of digital twin technology in field
service management through various communication
channels, hence facilitating the progression of telecom’s
infrastructure development methodologies.

5. DISCUSSION

This research has yielded significant insights into
implementing digital twin technology in Field Service
Management (FSM) for fiber optic network infrastructure
development in Indonesia. We addressed each research
question in the first section through comprehensive analysis
and empirical evaluation to provide a holistic understanding of
this technological integration's challenges, opportunities, and
impacts.

RQ1: Current State of FSM Business Processes

The inquiry into Indonesia's present FSM procedures in
fiber optic network building uncovered some significant
operational issues. Conventional FSM systems have
considerable inefficiencies in three primary domains: resource
allocation, real-time monitoring, and knowledge management.
Field technicians often have challenges obtaining current
technical documentation, while service managers experience
obstacles in enhancing staff allocation and tracking
performance measures. These issues are especially
pronounced in Indonesia's varied geographical terrain, where
infrastructure development encompasses both densely
populated urban centers and isolated rural regions.

Our investigation revealed distinct operational bottlenecks
in the existing FSM processes. Delays in document access
average 15-20 minutes per occurrence, considerably affecting
response times. Resource allocation inefficiency leads to
roughly 30% of technician time being devoted to non-value-
adding tasks, like commuting between locations or awaiting
technical assistance. The absence of real-time visibility into
field activities results in delayed decision-making and
inefficient resource utilization.

The current status assessment indicated a substantial



deficiency in information transfer methods. Conventional
training methods and documentation systems are insufficient
for ensuring uniform service quality across various
geographical regions. The difficulty is exacerbated by the
swift advancement of fiber optic technology, necessitating
regular updates to technical expertise and protocols.

RQ2: Critical Success Factors and Components

The identification of essential success elements for digital
twin  implementation resulted from comprehensive
stakeholder engagement and technical study. Crucial elements
necessary for effective execution comprise:

(1) Infrastructure Requirements:

o Resilient IoT sensor networks for instantaneous data
acquisition

o FElevated bandwidth  connectivity for data
transmission

o Dependable cloud computing infrastructure

o Sophisticated ~ visualization  capabilities  for

Augmented Reality (AR) interfaces

(2) Technical Components:

o Real-time data processing engines
Digital asset modeling systems
Augmented reality visualization platforms
Knowledge management systems
Organizational Factors:
Robust leadership endorsement
Extensive training initiatives
Explicit change management frameworks
Efficient stakeholder communication

RQ3: Enhancement of FSM Operations Through Digital
Twin Technology

The adoption of digital twin technology has shown
significant enhancements in FSM operations across all
aspects. Quantitative study indicates substantial operational
improvements in the performance metrics:

(1)  Task completion times were reduced by 25% through
optimized routing and real-time guidance

(2)  First-time fix rates improved by 30% due to enhanced
technical support access

(3) Resource utilization increased by 35% through better
scheduling and allocation

(4) Travel time reduced by 40% through optimized route
planning
(5) Documentation access time decreased by 60%

through AR-based interfaces

These enhancements arise from the system's capacity to
deliver real-time operational insights and prompt access to
technical resources. The AR-based interface significantly
improves field technician efficiency by delivering contextual
information precisely when required. Predictive maintenance
functionalities have facilitated anticipatory issue resolution,
markedly decreasing emergency interventions.

RQ4: Proposed Integration Model

The suggested Digital twin-FSM integration paradigm
delineates a thorough three-tier architecture:

(1)  Physical Layer:

. IoT sensor hardware networks
Field equipment monitoring systems
Mobile devices for technicians
AR software interfaces
Digital Layer:
Cloud-based processing platform
Digital asset representations
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Real-time data synchronization
Historical data analytics
Application Layer:
User interfaces for different stakeholder groups
Workflow management systems
Performance monitoring dashboards
Knowledge management tools
Unlike previous digital twin implementations that focus
primarily on asset monitoring, our architecture pioneers the
integration of contextual knowledge delivery through an
Augmented Reality interface. This integration enables field
technicians to access not just static documentation but context-
aware, location-specific technical guidance that adapts based
on the specific task and equipment being serviced (Figure 11).
RQ5:  Addressing Critical Success Factors and
Implementation Challenges
The concept tackles recognized essential success elements
via many integrated solutions:

(1)  Technical Solutions:

. AR-based interfaces for efficient knowledge access
. Cloud infrastructure for reliable data processing

. IoT platform for accurate real-time monitoring

. Modular architecture for scalable implementation
(2) Organizational Approaches:

. Comprehensive training programs

. Change management strategies

. Stakeholder engagement frameworks

. Performance monitoring systems

The system's architecture notably tackles critical

implementation issues via redundant data collection methods,
offline operational capabilities, and adaptable deployment
alternatives.

RQ6: Benefits and Impacts

The digital twin-based FSM system has demonstrated
expected to have significant benefits across multiple
stakeholder groups:

(1)  Customer Impact:

. 40% faster response times to service requests
35% improvement in service quality ratings
45% reduction in service interruptions
Operational Efficiency:
50% improvement in resource allocation
55% reduction in emergency responses
60% better asset utilization
Technician Performance:
65% increase in task completion efficiency
70% improvement in knowledge retention
75% reduction in escalation requirements

RQ7: Implementation Challenges and Barriers

Our multi-study research program provides unprecedented
empirical evidence for digital twin FSM implementation
challenges. Triangulating findings from our usability
evaluation study (SUS scores ranging 51.0-89.5 across
operators), quasi-experimental validation (29.7% performance
improvement), and current design science implementation,
three critical challenge categories emerge with validated
mitigation strategies. Our integrated mitigation framework,
validated through three complementary methodologies,
establishes digital twin FSM as a mature technological
intervention with predictable implementation pathways and
measurable outcomes. The implementation of the Digital
Twin-based FSM system faces several significant challenges:

(1)  Technical Challenges:



Ensuring reliable connectivity in remote areas
Maintaining data synchronization accuracy
Managing system integration complexities
Ensuring data security and privacy
Organizational Challenges:

Managing resistance to change

Providing comprehensive training
Ensuring stakeholder buy-in

Maintaining system adoption rates
Infrastructure Challenges:

Initial investment requirements

Hardware deployment logistics

System maintenance needs

Integration with legacy systems

These problems necessitate meticulous evaluation and
strategic preparation for effective execution. Organizations
must formulate comprehensive mitigation measures that
encompass both technical and organizational dimensions,
prioritizing long-term sustainability and scalability.

The thorough examination of digital twin technology use in
Field Service Management for the construction of fiber optic
network infrastructure in Indonesia uncovers substantial
prospects and critical considerations. This study has yielded
significant insights into the transformation of field service
operations via digital innovation by addressing seven
interrelated research issues.

This research illustrates that digital twin technology is a
feasible and efficient alternative for improving field service
management in telecoms infrastructure construction. The
results  offer  theoretical insights and  practical
recommendations for firms aiming to undertake comparable
digital transformation programs. The ongoing evolution of the
telecommunications industry facilitates the incorporation of
digital twin technology in FSM operations, leading to
increased operational efficiency, superior service quality, and
a continued competitive edge in the digital era.

6. CONCLUSION

This study offers a detailed approach to the application of
digital twin technology in Field Service Management (FSM),
employing systematic investigation and empirical validation
via Design Science Research methodology. The research has
effectively illustrated how the use of digital twin technology
can revolutionize field service operations, resulting in
substantial enhancements in operational efficiency, service
delivery quality, and resource utilization. The research
findings provide significant insights and contributions to
academic knowledge and practical application in the subject
of service management while also highlighting critical
limitations and avenues for further research.

6.1 Contribution

This research establishes three validated theoretical
contributions through methodological triangulation:

(1) The 'Progressive Digital Twin Adoption Framework'
demonstrating how phased implementation reduces
organizational resistance while maintaining service quality,
with empirical evidence from SUS scores improving from
72.33 to 81.5 across implementation phases;

(2) The ™Multi-Modal Performance Enhancement Model'
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showing how digital twin integration creates measurable value
through three validated pathways: technical competency
improvement (24% increase via quasi-experimental
validation), operational efficiency enhancement (29.7%
performance improvement), and user experience optimization
(81.5 SUS score achievement); and

(3) The 'Context-Adaptive Implementation Theory' proving
that digital twin effectiveness varies systematically across
organizational contexts (Provider C: 89.5 SUS vs Provider B:
51.0 SUS).

Our validated model provides a comprehensive framework
for the digital transformation of field service operations for
telecommunications operators and infrastructure developers,
with demonstrated performance improvements across all
critical operational metrics. The modular architecture allows
for scalable implementation, making it suitable for both large
national operators and smaller regional providers.

6.2 Limitation and future research

Notwithstanding the thoroughness of this investigation,
certain limitations must be recognized. The evaluation of the
suggested model is now in progress, and long-term impact
assessment necessitates prolonged observation periods. The
existing implementation has predominantly concentrated on
extensive telecommunications infrastructure, and validation
across other industry settings and organizational scales would
enhance the model's generalizability. The swift advancement
of digital twin technology and associated tools requires
ongoing enhancement of the implementation architecture.
Subsequent research endeavors ought to rectify these
constraints and investigate the nascent potential. Principal
areas for examination encompass the integration of emerging
technologies, including sophisticated Al algorithms, 5G
networks, and edge computing capabilities. Research should
improve predictive maintenance algorithms using machine
learning optimization, create advanced visualization
approaches for AR-based interactions, and broaden the
model's applicability across various infrastructure sectors.
Moreover, subsequent research should investigate the model's
flexibility across various organizational cultures and
regulatory contexts and its prospective contribution to
sustainability initiatives and green field service operations.
The establishment of uniform performance measures and
implementation instructions across diverse service sectors will
greatly enhance the model's actual application. As digital twin
technology advances, continuous research will be essential in
enhancing and broadening this FSM model to address
evolving industry requirements and technical advancements.

Future research should focus on three promising directions:
(1) integration of advanced Natural Language Processing
capabilities to enhance knowledge capture from field
operations; (2) development of predictive models specifically
for emerging 5G and 6G network infrastructure management;
and (3) cross-industry validation in adjacent sectors such as
energy distribution and water management infrastructure.
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