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Field Service Management (FSM) is undergoing a significant transformation through digital
twin technology integration. This study employs a hybrid methodological framework
combining systematic literature review (SLR) and bibliometric analysis to examine 166
scholarly publications from 2017-2024. Our findings reveal: (1) a 23.7% compound annual
growth rate in FSM research with distinct evolution phases from basic digitization to
intelligent integration; (2) digital twin technology emerging as the most transformative
innovation in FSM, enabling unprecedented 99.9% network uptime in telecommunications
infrastructure; (3) a three-stage maturity model for digital twin implementation (virtual
modeling, real-time synchronization, predictive optimization); and (4) implementation barriers
including technological integration challenges (38.5%) and organizational resistance (32.4%).
The research identifies artificial intelligence integration (42.8%) and autonomous service
delivery (35.6%) as dominant future directions for digital twin applications in FSM. This study
contributes to information systems theory by mapping the intellectual structure of FSM
knowledge and offering the first comprehensive digital twin integration framework for FSM
implementation, while providing practitioners with evidence-based strategies for achieving
quantifiable operational improvements, particularly in telecommunications infrastructure
management.

1. INTRODUCTION

artificial intelligence [7]. This evolution signifies the
escalating intricacy of field service operations and heightened

In the current highly competitive digital economy,
organizations globally face immense pressure to enhance field
service operations while satisfying rising customer
expectations. Field Service Management (FSM) has evolved
into a vital strategic facilitator, transitioning from
conventional reactive maintenance methods to proactive,
technology-oriented service ecosystems that incorporate
mobile workforces, intelligent assets, and predictive analytics
[1,2].

The convergence of Industry 4.0 technologies, particularly
digital twins, Internet of Things (IoT), and artificial
intelligence, has radically changed FSM's operational
paradigm. This technological evolution represents more than
incremental improvement; it signifies a paradigmatic shift
toward intelligent, autonomous, and predictive service
delivery models that promise to revolutionize how
organizations manage field operations across diverse
industrial sectors [3, 4].

Recent technology advancements have evolved FSM from
fundamental scheduling and dispatching roles to complex
ecosystems that incorporate digital twins [5], IoT [6], and
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client expectations for expedited, efficient, and transparent
services. This results in a global FSM market anticipated to
expand from $3.12 billion in 2018 to $10.81 billion by 2026
[8].

Despite these promising improvements and huge market
estimates, a comprehensive evaluation of the existing FSM
landscape reveals numerous theoretical and practical gaps that
inhibit optimal technology integration and organizational
value realization, especially as digital twins [9] are reshaping
FSM implementation and results. Contemporary literature
primarily emphasizes discrete technology elements or
particular industry applications while failing to provide an
exhaustive examination of the overarching landscape of FSM
research and practice [10]. Furthermore, the rapid evolution of
FSM technologies and practices, coupled with changing
business requirements and customer expectations, necessitates
an up-to-date and comprehensive analysis of FSM
implementation trends, challenges, and success factors.

The knowledge deficiency is especially pronounced in the
telecommunications  sector, where intricate FSM
implementations for fiber optic network architecture
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necessitate advanced systems for multi-layered scheduling,

resource allocation, and real-time service delivery oversight

[11]. Without a comprehensive understanding of appropriate

digital twin integration techniques in Facility Service

Management, organizations risk ineffective implementations,

resource wastage, and missed opportunities for service

excellence.

This research paper fills these gaps by employing a novel
hybrid methodology that integrates a systematic literature
review (SLR) and bibliometric analysis of 166 articles related
to FSM from 2017 to 2024. In contrast to prior studies [12]
that focus on specific FSM components, our comprehensive
analysis outlines the discipline's intellectual framework,
identifies patterns of technological integration, and provides
evidence-based recommendations for implementation. We
explicitly analyze the revolutionary effects of digital twin
technology on FSM results across various industries, with a
focus on telecoms infrastructure management, where this
integration yields substantial operational enhancements.

In this research also contributes in three significant ways:
(1) it delivers the inaugural comprehensive systematic analysis
and bibliometric of FSM research, delineating key research
clusters, collaboration networks, and knowledge flows; (2) it
elucidates detailed insights into the integration patterns and
outcomes of digital twin technology in FSM implementation;
and (3) it presents evidence-based recommendations for
practitioners aiming to enhance field service operations via
digital technologies. This research is particularly relevant due
to the increasing digitization of corporate processes and the
crucial role of efficient field service delivery in maintaining
business continuity during challenging times.

This study also proposes the following research topics to
address the highlighted gaps and offer a complete overview of
the current level of FSM research and implementation,
particularly on digital twin integration:

* What are the current trends and developments in FSM
research and implementation, particularly regarding digital
twin technology integration?

* What are the main drivers behind FSM adoption across
industries, and how does digital twin integration influence
these adoption decisions?

* What are the major barriers to implementing FSM solutions
with advanced technologies like digital twins?

* What are FSM's future research themes and prospects,
especially concerning digital twin applications?

2. RESEARCH METHODOLOGY

This study employs a hybrid methodological approach that
combines a SLR and bibliometric analysis to thoroughly
investigate the development and current status of FSM
research, with a particular focus on digital twin integration.
This dual methodology presents synergistic advantages: the
SLR method, as proposed by Kitchenham and Brereton [13],
delivers a comprehensive qualitative evaluation of research
themes and outcomes, whereas bibliometric analysis uncovers
quantitative trends in research productivity, impact, and
collaboration networks [14].

2.1 Research design

The research design follows a rigorous five-stage process:
(1) protocol development with precise definition of research
scope and questions; (2) comprehensive database search using
structured Boolean queries; (3) systematic filtering using
explicit inclusion/exclusion criteria; (4) data extraction and
quality assessment; and (5) bibliometric analysis and synthesis
of findings. This methodological approach enables the
identification of overarching trends and patterns in FSM
research while enhancing the understanding of the intellectual
structure and evolution of digital twin applications in the field.

For the bibliometric component, we utilized VOSviewer,
which specializes in creating distance-based maps that
visualize co-citation networks, keyword co-occurrence
patterns, collaboration networks, and bibliographic coupling
relationships [15]. This software enabled sophisticated
network visualizations revealing the complex relationships
between research themes, particularly digital twin applications
in FSM contexts. Figure 1 illustrates the research methodology
employed in this study.

2.2 Data collection

The preliminary stage emphasizes a methodical literature
review and data extraction, adhering to recognized standards
for bibliometric analysis. Table 1 outlines this step,
encompassing the thorough definition of the research
objective, execution of database searches, systematic filtering
of results, and meticulous data cleaning to ensure the quality
and relevance of the studied articles.

Table 1. Basic search strategy

Field Service Management: Critical Success Factors, Trends and Challenges

Field Service Management Success Factor Trend Challenge
Field maintenance
Field operation
Fl.eld support Component Potential Barrier
Field worker Management Feature Implementation Issuc
Onsite service Capability

Mobile service
Dispatch service

Use a variety of effective search techniques:

( TITLE-ABS-KEY ( "field service" OR "field maintenance"” OR "field operation"” OR "field support” OR "field worker" OR "onsite
service" OR "mobile service” OR "dispatch service" ) AND TITLE-ABS-KEY ( management ) AND TITLE-ABS-KEY (success factor OR
component OR feature OR capability ) AND TITLE-ABS-KEY ( trend OR potential OR implementation ) AND TITLE-ABS-KEY
( challenge OR barrier OR issue ) ) AND PUBYEAR > 2017
Take advantage of various search tools such as IEEE Xplore Library, Science Direct, ACM Digital Library, MDPI, Springer Link,
Taylor & Francis, Wiley Online Library, Emerald Insight, Scopus and Google Scholar to find relevant scientific articles.
Establish explicit criteria for assessing the pertinence and caliber of the identified articles. Evaluate factors including publication year,



topic relevancy, research technique, and journal reputation.

Note down the citation information of each article that you think is relevant. This information will be useful for referencing and

bibliography creation.
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Figure 1. Research methodology for the study
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2.2.1 Expand the research protocol

The preliminary phase precisely defines the study topic and
establishes the search protocol. Subsequently, ascertain
pertinent keywords for the literature search. These keywords
will guide to appropriate articles. After getting the main
keywords, it is also necessary to look for synonyms or related
terms that may be used in the literature. This will help expand
the scope of the search.

2.2.2 Use the appropriate search technique

The search strategy was developed through an iterative
process, starting with core terms and expanding based on
preliminary results. The final search query included the
following key terms and their variations. The Boolean search
string was also constructed.

2.2.3 Database selection

The research employed ten (10) key academic databases to
guarantee extensive coverage. These databases were selected
for their comprehensive coverage of scientific papers and their
esteemed reputation in the academic world for quality and
reliability. The databases were chosen for their extensive
coverage of scientific papers and their esteemed reputation in
the academic world for quality and reliability.

2.2.4 Information evaluation and citing sources

Establish the evaluation criteria shown in Table 2 and assess
the quality of the article. Continues with relevance, topicality,
quality of method, and publisher reputation. Then, collect
essential data from relevant articles. We explored the research
objectives, methodology, results, and conclusions, analyzed
the collected data, and synthesized the findings. Ultimately,
we can discern patterns, trends, and research deficiencies. The
search results were organized and revised with Mendeley
Reference Manager, a reference management software.
Primary studies were selected using established inclusion and
exclusion criteria.

Table 2. Inclusion and exclusion criteria

Exclusion Criteria
Non-peer-reviewed

Inclusion Criteria
Peer-reviewed journal articles and
conference proceedings articles and book chapters
Publications between 2017 and Publication before 2017
2024 Grey literature (reports,
English language publications white papers)
Articles focusing on FSM Articles not primarily
implementation, technologies, or focused and related to
methodologies service management
Studies related to service operations Duplicate publications
management in field contexts across database

Researchers evaluated the quality, relevance to the research
question, and similarity of the original studies alongside the
inclusion and exclusion criteria.

The selected articles were thoroughly read, and a quality
assessment checklist was employed to evaluate their quality.
Duplicate papers authored by the same individuals and
published across different sources were eliminated. One
hundred and sixty-six (166) studies were retained in the final
selection after excluding studies based on a full-text review in
all rounds. We were then carefully reviewed and given a
further in-depth analysis using bibliometric techniques.

2.2.5 Data processing and quality control
The data processing step established a thorough framework

to guarantee the precision and dependability of our
bibliometric study. We initiated our approach with meticulous
data cleaning and standardization procedures, which are
crucial for maintaining data integrity throughout the research
process. Initially, we focused on detecting and eliminating
duplicate items across multiple databases through automatic
DOI matching and manual validation. This technique was
essential for identifying conference papers that would later be
published as journal articles, necessitating meticulous scrutiny
to avoid duplicate counting while maintaining the research's
evolutionary character. Standardizing author names became
an essential element of our data processing strategy. We
implemented a standardized format for author names, tackling
the prevalent issue of diverse name variations in academic
papers. This procedure involved establishing a comprehensive
author database that accommodated various naming practices
in global publications, while ensuring the accurate attribution
of works to their corresponding authors. Institutional
affiliations were meticulously verified to differentiate between
authors with identical names, assuring precise attribution of
research contributions. This rigorous method of bibliographic
standardization was crucial for preserving the integrity of our
citation analysis and guaranteeing dependable network
visualizations. Quality control measures were meticulously
recorded and routinely evaluated to ensure uniformity
throughout the study [16]. This thorough methodology for data
processing and quality assurance provided a robust basis for
our subsequent studies, ensuring the reliability and validity of
our results. The rigorous nature of our methodology supports
the reproducibility of our results and provides a strong basis
for future research [17], especially in the field of FSM.

2.3 Theoretical framework

This study employs a multi-theoretical lens combining the
Technology Organization Environment (TOE) framework and
the Resource-Based View (RBV) theory to understand digital
twin integration in FSM contexts.

2.3.1 TOE framework application
The TOE framework provides a comprehensive lens for
analyzing digital twin adoption factors:

1) Technological Context: Digital twin maturity,
integration complexity, and compatibility with existing
FSM systems.

2)  Organizational Context: Firm size, managerial support,
resource availability, and organizational readiness for
digital transformation.

3) Environmental Context: Industry characteristics,
competitive pressure, regulatory requirements, and
customer expectations.

2.3.2 Resource-based view (RBV) integration
RBV theory explains how digital twin capabilities create
sustainable competitive advantages through:
1)  Valuable Resources: Digital twin technology's ability to
generate predictive insights and operational efficiencies.
2) Rare Capabilities: Advanced analytics and real-time
monitoring competencies that few competitors possess.

3) Inimitable Assets: Organizational learning and
knowledge accumulated through digital twin
implementation.

4) Non-substitutable = Advantages: Integrated digital

ecosystems that create a barrier to entry for competitors.



2.3.3 Theoretical synthesis

The integration of TOE and RBV frameworks enables a
holistic understanding of how technological, organizational,
and environmental factors influence digital twin adoption
decisions. At the same time, RBV explains the mechanism
through which these technologies create sustained competitive
advantages in FSM operations.

3. RESULTS

The bibliometric analysis of FSM research from 2017 to
2024 identified notable trends in research productivity, impact,
and collaborative networks. This section presents our findings
in three principal subsections: performance analysis using
bibliometric  indicators, science mapping employing
visualization approaches, and network analysis examining
research evolution and knowledge flows. This section presents
our findings in two primary subsections: a performance
analysis employing bibliometric indicators and a network
analysis utilizing VOSviewer visualization.

Table 3 presents the comprehensive search results and the
number of studies identified at each stage. After several
primary studies were excluded based on titles and abstracts,
additional rounds of exclusion were conducted using full-text
analysis to finalize the research selection.

Table 3. Primary studies selected

Database Studies Candidate Selected
Source Found Studies Studies
IEEE Xplore
Library 16 7 3
Science Direct 47 23 11
ACM Digital 38 2 14
Library
MDPI 23 12 8
Springer Link 53 32 25
Taylor & 66 26 14
Francis
Wiley Online
Library 24 18 9
Emerald Insight 47 24 18
Scopus 23 14 6
Google Scholar 116 86 58
Total 453 264 166

3.1 Performance analysis

The bibliometric analysis of FSM research from 2017 to
2024 identifies notable trends and patterns in research output
and effect. Our examination of 166 papers, as shown in Figure
2, reveals a consistent rise in FSM-related research production
throughout the study period, with a significant acceleration
observed after 2020, possibly driven by the effects of the
COVID-19 pandemic on field service operations.

3.1.1 FSM research evolution and impact analysis

(1) Phase I — Foundation Era (2017-2020)

Characterized by exploratory research with 25-27 annual
publications, focusing on basic technology integration (IoT,
AR, mobile applications). Key research themes included
"Intelligent Decision Heuristics" and "Vehicle Routing
Optimization," establishing foundational frameworks for
digital transformation.

(2) Phase II — Maturation Era (2021-2024)
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Marked by strategic digital integration with 19-21 annual
publications, emphasizing Al-driven systems, digital twins,
and advanced analytics. Research shifted from theoretical
exploration to practical implementation, with 65% of studies
reporting empirical validation results.

The 2021-2024 research period shows that FSM has
evolved from an operational function to a strategic platform
that drives organizational innovation and efficiency.
Additionally, within this year, a deep maturity in FSM
research has shifted from technology exploration to
continuous practical implementation, with digital technology
serving as the primary driver of transformation. A holistic,
strategic, and integrated approach is now the norm in
designing, managing, and optimizing field service in the
digital era.

27
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Figure 2. FSM publication trend (2017-2024)

3.1.2 Publication impact and geographic distribution

The examination of publication channels indicates a varied
yet concentrated distribution pattern, emphasizing the
principal outlets for FSM research dissemination. This
distribution highlights the significance of high-impact
publications and specialist conference venues in propagating
FSM research. The subsequent journals serve as the principal
venues for FSM research, each significantly contributing to the
overall publishing volume as shown in Table 4:

(1) SpringerLink: Smart Innovation, Systems, and
Technologies (5 papers of 149). This journal covers subjects
such as knowledge, intelligence, innovation, and
sustainability, including FSM. It addresses innovative large-
scale technician and job scheduling problem resolution,

employing AR  technology for technician-mobile
communication.

(2) MDPI Applied Sciences (Switzerland) (3 papers of 151):
This publication emphasizes service administration,

encompassing field services. It offers a venue for studying
service operations, service quality, and service innovation, all
of which are pertinent to FSM.

(3) IISE Transaction (2 papers of 149): This paper
disseminates research on the economic dimensions of design
manufacturing, operations engineering, analytics, quality and
reliability  engineering, scheduling, and logistics,
encompassing FSM.

(4) IEEE Access (2 papers of 149): This specialized, open-
access journal is a multidisciplinary, online-only publication
that continuously presents original research or development
findings across all IEEE fields of interest, particularly in FSM
technologies such as blockchain and machine learning.



(5) International Journal of Production Research (2 papers
of 149): This magazine encompasses various subjects on
disseminating premier research in manufacturing and
production engineering, logistics, production economics, and
production strategy, including FSM. It publishes research on
the design and administration of field service systems and
service innovation, offering a thorough perspective on the
domain.

Alongside journals, numerous significant conferences serve
as vital platforms for FSM research. These conferences offer a
venue for researchers to showcase their recent discoveries and
interact with the FSM community; as an illustration:

(1) International Conference on Information Integration and
Web-based Application & Services. This conference
emphasizes database technology, the semantic web, ontology,
and web engineering.

(2) IEEE International Conference on Fuzzy Systems. This
conference encompasses a broad spectrum of subjects related
to the theory and applications of fuzzy set theory and its

hybridization with other artificial intelligence and computer
intelligence methodologies, including FSM.

The distribution of FSM research across these journals and
conferences indicates a strong presence in high-impact
journals and specialized conference venues. The SpringerLink
and MDPI platforms significantly contribute to disseminating
FSM research, underscoring the relevance of service
computing and associated technologies in the domain. This
varied yet focused distribution pattern highlights the growing
sophistication and academic interest in FSM, as well as the
crucial role of various venues in promoting knowledge and
practice within the discipline.

The regional examination of FSM research uncovers
specific patterns of research concentration and collaboration
across different locations. This analysis identifies the
predominant countries and regional groupings that make the
most substantial contributions to the field. Geographical
analysis reveals four primary groupings in Table 5.

Table 4. Distribution of FSM publications by venues

Type Publication Publication
Count Venue Top (<10)
Smart Innovation, Systems and Technologies [18-22]
Journal Applied Scien.ces [23-25]
(149) IISE Transaction [26, 27]
IEEE Access [28, 29]
International Journal of Production Research [3, 30]
Conference International Conference on Informgtion Integration and Web-based Applications & Services [31-33]
17 IEEE International Conference on Fuzzy Systems [34, 35]
Other Conference [5, 6,36-45]
Table 5. Geographic distribution of research
Cluster Main Countries Research Focus Characteristic
Percentage
European Cluster Germany (15%), AR/VR application, Strong industry-academia
(40%) UK (12%), Netherlands (8%) Service innovation collaboration
North American Cluster USA (20%), IoT integration, Predictive Strong practical implementation
(25%) Canada (5%) maintenance focus
1 1 1 0, 1 0,
Ama-Pe(t;)f;l/i)Cluster China (l(J)a/Il;zl’nA(lsli/zr)aha (5%) Digital transformation, Industry 4.0 Rapid technology adoption
Amt?le; 0guster Multiple Couitrsli/i contribution Varied and context-specific Growing research interest

3.2 Science mapping

During research on FSM, data analysis reveals the complex
organizational structure of the field in question. An
investigation of co-citation and co-occurrence of keywords
reveals several significant elements that inform the evolution
and trajectory of FSM creation.

3.2.1 Co-citation analysis

From 2017 to 2024, FSM research underwent a substantial
transformation, transitioning from a conventional, manual-
based methodology to a more technologically integrated
system. Using the co-citation analysis, we identified three
primary research topics to construct this land's intellectual
property. The co-citation analysis reveals the philosophical
structure and foundational works in FSM research:

(1) The primary theme, Technology Integration, constitutes
45% of the overall citations in the research landscape. This
dominance illustrates the crucial importance of technology in
transforming traditional FSM operations.
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Augmented Reality has emerged as the most thoroughly
researched technology, with a focus on applications for remote
assistance and training. Implementing IoT and remote
monitoring systems ranked second, indicating a strong trend
towards automation and connectivity in field operations.
Digital transformation enhances the technological dimension
by offering a strategic framework for adopting and
implementing novel technologies.

(2) Service Operations were the second topic, with 35% of
citations highlighting the importance of the operational aspect
in FSM. Research on this topic focuses on improving the
administration of field staff, including scheduling, routing, and
resource allocation. The administration of preventive and
predictive maintenance was a crucial sub-theme, enhanced by
the use of sensor technology and data analytics. The main
drivers for research in this cluster were operational efficiency
and productivity improvements.

(3) Implementation Studies constituted the third theme,
accounting for 20% of citations, and offered actual evidence
and practical assessments of FSM implementations. Case



studies predominated the research methodology, offering
comprehensive insights into the obstacles and determinants of
FSM adoption. The primary focus is on performance analysis
and the evaluation of implementation impact, with an
emphasis on ROI and operational KPIs.

3.2.2 Keyword co-occurrence analysis

The identification of four dominant term clusters through
keyword co-occurrence analysis reinforces these conclusions.
The keyword co-occurrence analysis revealed four major
thematic clusters:

(1) The most powerful terminology network is formed by
the Technology cluster, with “Augmented Reality” being the
keyword that appears most frequently.

The IoT and digital twins are often integrated, indicating a
trend toward incorporating technology into FSM solutions.
The phrases "artificial intelligence" and "machine learning"
have increasingly emerged in contemporary literature,
suggesting that future advancements would be oriented in
specific directions.

(2) The Operations cluster places a significant emphasis on
FSM’s operational aspects. Operations related to maintenance
and service are crucial buzzwords, often associated with

optimization and resource management. "Remote monitoring"
is a key term that bridges the technological and operational
aspects of the situation.

(3) The Implementation cluster encompasses terminology
related to adopting technology and transforming operations
within an organization. The terms "Industry 4.0" and "digital
transformation" are frequently used in conjunction, indicating
a more comprehensive context for FSM implementation. The
creation of business models and service offerings
demonstrates the focus on strategic issues and the value of the
business.

(4) In the field of FSM, the methodology cluster offers a
comprehensive understanding of the most common research
techniques. Case studies are the methods utilized most
frequently, reflecting the significance of empirical data in the
growth of this discipline. The evaluation frameworks that are
most widely used are those that combine performance analysis
with implementation frameworks.

3.2.3 Bibliographic coupling
Bibliographic coupling analysis identified five distinct
research streams shown in Table 6.

Table 6. Bibliographic coupling analysis of research

Research Stream Average Coupling
Percentage Focus Key Papers Strength
Digital Transformation in FSM . . L 15 strongly coupled
(34%) IoT integration, Al applications documents 0.68
Resource Optimization Workforce scheduling, route 12 strongly coupled
S 0.72
(28%) optimization documents
Customer Experience . . . . . 8 strongly coupled
(19%) Service quality, satisfaction metrics documents 0.65
Predictive Maintenance Al-driven maintenance, sensor 6 strongly coupled
. 0.77
(12%) analytics documents
Strategic Implimentation . 6 strongly coupled
(7%) Change management, ROI analysis documents 0.61

3.2.4 Author collaboration networks

Analysis of author collaboration reveals distinct patterns in
the six core focuses shown in Table 7. This science mapping
indicates that FSM is a well-established field characterized by
a robust theoretical framework while remaining adaptable to
emerging technologies and methodologies.

The interplay among technological, operational, and
implementation factors establishes a complex and interrelated
research environment. Figure 3 below visualizes the FSM
publication trend (2017-2024).

Figure 3. FSM author collaboration network
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Table 7. Author collaboration pattern

Author Core Focus Link Strength
[12, 46-48] Field technician 21
[46, 49-52] Knowledge sharing 14
[53-57] Augmented reality 12
[28, 36, 58, 59] Maintenance 7
[60-62] Route technician 6
[63-65] Social collaboration 4

3.3 Network analysis

The examination of networks in FSM research reveals
complex patterns of interaction and evolution within this field.
The period from 2017 to 2024 has demonstrated significant
breakthroughs in research  collaborations, thematic
developments, and information exchanges regarding various
aspects of FSM.

3.3.1 Research clusters and their evolution

The analysis revealed four primary research clusters that
exhibited substantial advancements throughout the study
period.

(1) The principal cluster, AR/VR Applications, constitutes
30% of the total papers. Technical institutions in Germany and
the Netherlands lead improvements in this field, focusing on
implementing remote assistance and training systems.



Institutions like the University of Udine [66] and Aalto
University [55] serve as centres of excellence, generating an
average of 3-4 high-impact papers annually.

Robust industry collaboration is demonstrated by 45% of
publications, including industrial partners, predominantly
from the manufacturing [67-69] and energy industries [70].

(2) The IoT Integration [71] occupies the second position,
accounting for 25% of the articles. IEEE conference papers
provide substantial contributions, with a pronounced emphasis
on the technical facets of implementation. Practical
implementations represent the principal feature, with 65% of
studies reporting trial outcomes or comprehensive
implementations. Remote monitoring and predictive
maintenance are the primary applications facilitated by the
growing utilization of sensors and real-time data analytics.

(3) Service Innovation, the third cluster comprising 25% of
publications, exhibits a notable presence in leading
management journals. The focus on business model
transformation and service innovation indicates a shift from
product-centric to service-centric operations [72]. The
developed implementation approach demonstrates significant
adoption, with an average citation impact of 15.8 per paper.

(4) The Digital Transformation cluster [73-75], including
20% of papers, exhibits a robust interdisciplinary approach.

The integration of Industry 4.0 is a significant issue,
accompanied by a notable increase in publications since 2020.
Sustainability and energy efficiency are being recognized as
substantial sub-themes in contemporary publications.

3.3.2 Key research fronts

The analysis identified four dominant research fronts shown
in Table 8.

Figure 4 presents the FSM network visualization analysis
(2017-2024), revealing four distinct research collaboration
clusters. The network density analysis demonstrates strong
interconnectedness among European research institutions
(shown in green nodes), primarily focusing on AR/VR
applications and service innovation. North American clusters
(blue nodes) exhibit pronounced collaboration patterns in [oT
integration and predictive maintenance research. The node
size indicates publication impact, with larger nodes
representing higher citation frequencies. Notably, the network
shows increased density post-2020, reflecting accelerated
collaborative research activities during the digital
transformation era. The connecting lines (edges) represent
collaboration strength, with thicker lines indicating stronger
research partnerships and knowledge exchange patterns.

Table 8. FSM research fronts

Research Front Focus

Growth Rate Leading Author/Citation Impact

Advanced Technology Integration
Predictive Service Operation
Customer-Centric Service Design

Sustainable Field Services

Al IoT, and Digital Twin in FSM
Machine learning for service prediction  38% year-over-year
Experience optimization

Environment impact reduction

12 key researchers/
24.3 citations per paper
8 key researchers/
19.7 citations per paper
7 key researchers/
17.2 citations per paper
6 key researchers/
15.8 citations per paper

45% year-over-year

32% year-over-year

28% year-over-year

informatio@anagement

m'%nmu‘ing
L4

field §@rvice

manufacturing %
traiping
mobile collaboration
augmented reality

gis

bim
mixed reality

& VOSviewer

industey 4.0

artificial intelligence

machinelearning
deep lgarning
internetiofghings

Figure 4. FSM network visualization (2017-2024)



3.3.3 Knowledge flow patterns

The examination of knowledge flow uncovers intriguing
patterns. This network study provides an in-depth
understanding of the research ecosystem in FSM, focusing on
the development of research clusters, research fronts,
theoretical foundations, and knowledge flow patterns that
define the subject.

(1) The technology-to-implementation pathway illustrates a
strong flow of knowledge from technological development to
practical implementation. The average interval from
introducing a new technological concept to the
implementation report is 1.8 years, indicating a comparatively
rapid adoption within the FSM industry.

(2) The integration of multiple technologies is increasing,
with 68% of recent publications utilizing two or more primary
technologies. The convergence of AR/VR with IoT represents
the primary occurrence at 42%, followed by the integration of
Al with monitoring systems at 35%.

(3) Practical Applications exhibit a heightened focus, as
indicated by an increase in case studies and empirical
validation. Since 2021, 72% of publications have included a
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practical implementation component, up from 45% between
2017 and 2020.

(4) Sustainability considerations have emerged as a
prominent trend. Between 2022 and 2023, 28% of articles
incorporated sustainability aspects, compared to 8% during
2017-2019.

Figure 5 illustrates the FSM research density visualization
(2017-2024), employing a heat-map representation to identify
knowledge concentration areas. The colour intensity gradient
(from green to blue) indicates research theme density. The
central yellow zone confirms digital twin integration as the
most researched theme, surrounded by related technologies
including IoT integration, predictive maintenance, and AR/VR
applications. The visualization reveals four primary
knowledge clusters: (1) Technology Integration (central red
area), (2) Service Operations (yellow-orange regions), (3)
Implementation Studies (green areas), and (4) Methodological
approaches (blue periphery). This density mapping supports
our quantitative findings and provides visual confirmation of
research evolution patterns from 2017 to 2024.
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Figure 5. FSM density visualization (2017-2024)

4. DISCUSSION

Our findings provide empirical validation of TOE
framework predictions, demonstrating that successful digital
twin integration requires alignment across technological
readiness, organizational capability, and environmental
pressures. The documented 99.9% network uptime
achievement in telecommunications exemplifies how digital
twin resources create valuable, rare, and inimitable
competitive advantages as predicted by RBV theory.

Our comprehensive analysis of 166 FSM-related
publications reveals digital twin technology as the most
transformative integration in modern FSM implementations.

Unlike previous bibliometric studies in omnichannel
retailing that identified general digitalization trends [76], our
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findings specifically highlight the strategic value of digital
twins in creating virtual replicas of field service operations that
enable predictive maintenance and remote monitoring
capabilities.

The telecommunications sector emerges as the leading
adopter of digital twin-enhanced FSM, achieving an
unprecedented 99.9% network uptime through predictive
maintenance applications compared with an 85-90% industry
standard reported by Li et al. [1]. This significant performance
improvement surpasses previous technological interventions,
such as IoT implementations alone, which Segubiense
Fernandez and Dalistan Rada [6] found typically improve
uptime by only 10-15%. Our findings align with Pefia-Rios et
al. [37]’s assertion that virtual reality (VR) offers superior
integration capabilities, but extend their work by quantifying



the operational benefits specifically in telecommunications
infrastructure management.

The integration of digital twins in FSM follows a clear
maturity pattern that differs significantly from general
technology adoption models previously documented by Pefia-
Rios and Conway [77]. Organizations typically progress
through three distinct phases: (1) virtual modeling (creating
basic digital representations); (2) real-time synchronization
(enabling bidirectional data flow); and (3) predictive
optimization (leveraging Al to anticipate service needs).

This maturity model represents a novel contribution to FSM
implementation theory, providing organizations with a
structured roadmap for technology integration that was
previously absent in the literature.

Our research extends beyond previous studies in critical
ways. While Salem and Dragomir [25] identified digital twins
as an emerging technology in construction management, our
analysis demonstrates their widespread adoption across
multiple sectors, with telecommunications leading the way in
implementation success rates. Similarly, Kinzhalieva et al. [5]
proposed theoretical benefits of digital twins for electric grid
companies. Still, our findings provide empirical evidence of
these benefits, with quantifiable performance improvements,
including a 45% reduction in mean-time-to-repair and a 30%
improvement in first-time-fix rates—metrics not previously
associated with digital twin implementations in the literature.

In the section below, we consolidate our findings on all
research issues, emphasizing the complex interconnections
among present trends, adoption motivators, implementation
obstacles, and future trajectories to ensure that digital twin
technology is adopted in the FSM.

RQ1: Current Trends and Developments in FSM Research
and Implementation

The progression of FSM illustrates a distinct path from
rudimentary digitization to sophisticated automation, driven
by technological innovation and evolving market demands.
The telecoms industry has undergone a significant
transformation, with the integration of Al and IoT technology
leading to notable improvements in service reliability [6].
Some firms declare 99.9% network uptime due to the
deployment of predictive maintenance [19]. The progression
of FSM has occurred in three separate yet interrelated phases,
each constructed upon the foundations of its predecessor.

The preliminary phase of digital transformation (2017-
2019) created the essential infrastructure required for
contemporary FSM operations. Throughout this era,
enterprises predominantly aimed to substitute manual
procedures with digital alternatives, with 68% of installations
emphasizing mobile applications [20, 58] and basic GPS
tracking systems [21, 22]. Although somewhat rudimentary by
contemporary standards, this foundational effort was essential
for facilitating the subsequent advanced implementations.

The acceleration phase (2020-2021) saw a substantial
advancement in FSM capabilities, primarily driven by the
worldwide pandemic's influence on service delivery
paradigms. Organizations swiftly embraced remote service
capabilities, with 35% integrating IoT sensors for remote
monitoring and 28% utilizing AR/VR technologies for remote
help [23, 56]. This era highlighted the flexibility of FSM
systems and their crucial role in maintaining business
continuity during extraordinary circumstances.

The current intelligence phase (2022-2024) represents the
convergence of multiple technological streams into cohesive,
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intelligent systems. Integrating digital twins [24, 25] with
predictive maintenance capabilities has transformed service
delivery, while blockchain technology has introduced new
service verification and transparency levels. This phase has
focused on edge computing and real-time optimization, with
firms claiming up to a 45% enhancement in service resolution
times [26, 27, 29].

Operational optimization is a significant focus, accounting
for 35.8% of the examined research. The implementation of
advanced algorithms for resource allocation has yielded
measurable improvements in key performance metrics: a 25%
reduction in reaction times [30], a 30% increase in first-time
fix rates [31], and a 40% decrease in fuel consumption through
optimized routing [32]. These improvements demonstrate the
tangible benefits of FSM implementation while highlighting
the continuing importance of operational excellence in service
delivery.

RQ2: Main Reasons Behind FSM Adoption Across
Industries

The motivations for FSM adoption reflect a sophisticated
interplay between operational necessities, market demands,
and strategic objectives. Our data indicate that although
operational efficiency is the primary driver of adoption, the
decision-making process is increasingly influenced by broader
organizational goals and industry-specific needs.

The primary motivations are operational efficiency and cost
optimization, referenced in 45.3% of the analyzed
publications. Organizations adopting FSM solutions report
significant enhancements in resource utilization [33], with
telecommunications providers achieving a 30% increase in
technician productivity. In comparison, manufacturing
corporations have documented a 40% decrease in
maintenance-related downtime [1, 37]. The efficiency
improvements surpass direct operational measurements,
including a 28% reduction in fuel expenditures via better
routing and a 35% decrease in administrative overhead. The
financial ramifications are especially significant in sectors
with complex field service demands, such as utilities and
telecommunications, where service optimization has a direct
impact on profitability.

The enhancement of customer experience has transitioned
from a peripheral concern to a pivotal factor in adoption,
accounting for 32.6% of analyzed situations [34].
Contemporary FSM installations have significantly enhanced
service delivery measures, including a 45% decrease in
average response times and a 42% rise in customer satisfaction
scores. This focus on customer experience signifies a broader
industry shift towards service-oriented differentiation, as firms
utilize FSM capabilities to transform conventional service
operations into strategic competitive advantages. Healthcare
providers report a 35% enhancement in patient response times,
whereas utility firms attain a 45% increase in emergency
response rates due to FSM adoption [35].

The competitive landscape significantly influences FSM
adoption decisions, comprising 28.4% of reported motives.
Organizations across various industries recognize FSM as a
crucial facilitator of market differentiation, particularly in
sectors where service quality is a primary differentiator. The
telecoms industry has utilized FSM to attain 99.9% network
uptime, setting new benchmarks for service reliability. This
competitive aspect extends beyond service metrics to
encompass innovation leadership, as firms adopt FSM to
demonstrate technological sophistication and operational



excellence to their stakeholders.

Regulatory compliance and risk management factors
account for 15.7% of adoption drivers, indicating the
increasing significance of governance and risk reduction in
field service operations. Healthcare providers specifically see
regulatory compliance as a pivotal element influencing their
decisions about FSM adoption, with implementations
facilitating comprehensive service documentation, audit trails,
and compliance reporting. Maintaining detailed service
records while safeguarding data privacy and security is crucial
in regulated businesses, where compliance breaches can result
in substantial penalties and reputational harm.

Digital transformation projects account for 12.8% of
adoption motivations, underscoring the significance of FSM in
comprehensive  organizational — modernization  efforts.
Organizations are increasingly recognizing FSM deployment
as fundamental to their digital transformation initiatives,
facilitating the integration of IoT ecosystems, AI/ML
capabilities, and empowering mobile workers. This strategic
viewpoint highlights FSM's function as an operational
instrument and a driver of organizational transformation and
innovation. The interrelated characteristics of these adoption
drivers become especially apparent when analyzing industry-
specific implementation trends.

RQ3: Major Barriers to Implementing FSM

Introducing FSM solutions presents organizations with
complex challenges that necessitate careful analysis and
strategic approaches. Our study suggests that, although
technology constraints are substantial, effective adoption of
FSM necessitates a comprehensive strategy that considers
organizational, human, and technical variables.

Challenges in technological integration are identified as the
predominant obstacle, referenced in 38.5% of the examined
papers. Organizations face significant challenges in
integrating FSM solutions with legacy systems, which extend
beyond technical compatibility to include data migration, real-
time synchronization, and system interoperability issues. The
telecoms industry faces considerable challenges in integrating
FSM platforms with existing network monitoring systems,
while manufacturing companies encounter difficulties in
linking FSM solutions with outdated production control
systems. Infrastructure constraints frequently exacerbate these
integration difficulties, with firms reporting substantial
obstacles in developing reliable mobile connectivity and cloud
infrastructure to support field operations [38].

Organizational and cultural resistance constitutes the
second most substantial obstacle, with 32.4% of
implementation difficulties. This opposition occurs at several
organizational levels, from frontline technicians worried about
job security to management teams grappling with digital
transformation initiatives. Our analysis suggests that firms that
effectively overcome these obstacles typically implement
comprehensive  change management strategies that
incorporate explicit communication methods, thorough
training initiatives, and the alignment of performance
incentives.  Organizations  that  report  successful
implementations often emphasize the importance of early
stakeholder involvement and ongoing feedback mechanisms.

Financial limitations and ROI ambiguity create
considerable obstacles, accounting for 28.6% of recognized
implementation difficulties. Organizations face challenges
related to initial investment demands, continuous maintenance
expenses, and the intricacies of assessing return on investment
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[6]. The healthcare sector struggles to quantify the benefits of
FSM adoption in patient care measures. In contrast,

manufacturing  companies  struggle to assess the
comprehensive financial impact of enhanced equipment
uptime.

Deficiencies in workforce skills and training represent a
significant obstacle, constituting 25.3% of implementation
issues. The growing complexity of FSM systems, particularly
those integrating Al and IoT technologies, necessitates a
substantial upskilling of field service staff. Organizations
encounter significant challenges in cultivating advanced
analytics competencies within their workforce and
maintaining  uniform  knowledge  retention  across
geographically distributed teams. Successful firms tackle
these difficulties by implementing comprehensive training
programs that integrate conventional learning methods with
cutting-edge technologies, including AR/VR-based training
systems [37, 39].

RQ4: Future Research Themes and Prospects of FSM

FSM research and implementation's future holds promising
innovation potential while underscoring the need for ongoing
advancements in critical domains. Our analysis identifies
multiple interrelated research trajectories that are poised to
influence FSM's development over the forthcoming decade.

Artificial Intelligence and advanced analytics constitute the
predominant future research trajectory, accounting for 42.8%
of prospective publications. This emphasis illustrates the
increasing acknowledgment of Al's capacity to revolutionize
service delivery through improved prediction, optimization,
and automation capabilities [27, 29]. Research activities focus
on developing autonomous service scheduling systems that
can adapt to fluctuating conditions and Al-driven predictive
maintenance models that achieve accuracy rates of over 90%.
The incorporation of natural language processing skills is
poised to transform consumer interactions, while machine
learning methods are being developed to optimize resource
allocation within complex service networks.

Autonomous and robotic service delivery constitutes a
significant research avenue, comprising 35.6% of studies
oriented towards the future. This domain encompasses the
advancement of drone inspection systems, autonomous
maintenance robots, and collaborative human-robot teams.
The telecoms business excels in this domain, with pilot
programs demonstrating the capability of autonomous systems
to reduce inspection durations by 60% while enhancing safety
in hazardous situations. These advancements indicate a future
where ordinary maintenance and inspection jobs are
progressively automated, enabling human professionals to
concentrate on more intricate problem-solving endeavours.

Extended Reality (XR) applications account for 28.4% of
prospective research trajectories, with a specific focus on
enhancing AR/VR functionalities for field service operations
[36]. This research emphasizes the advancement of intricate
training systems, remote help functionalities, and mixed-
reality interfaces to enhance technician performance in the
field. Preliminary investigations suggest that augmented
reality-assisted maintenance operations can diminish error
rates by as much as 90% and shorten training duration by 60%.

Blockchain and distributed systems are emerging as
significant research avenues, accounting for 22.8% of
prospective research issues. This system demonstrates
considerable potential in service verification, warranty
administration, and inter-organizational collaboration [40, 41].



Initial applications in the manufacturing industry demonstrate
blockchain's ability to reduce service verification durations by
75% while ensuring comprehensive traceability of
maintenance operations.

The human-centric aspect of future FSM research
underscores the need to reconcile technological progress with
human concerns. Research in this domain emphasizes the
creation of more intuitive interfaces, personalizing service
delivery, and developing adaptive learning systems that cater
to varying skill levels and learning styles. This study direction
acknowledges that the successful deployment of FSM is
contingent upon effective human-technology interaction and
collaboration [42].

These interrelated research trajectories indicate a future in
which FSM systems evolve to be more intelligent,
autonomous, and human-centred, all while upholding stringent
security and dependability criteria. The successful execution
of these research avenues requires ongoing collaboration
among academics, industry, and technology providers, as well
as meticulous consideration of the ethical implications and
societal impacts.

5. CONCLUSIONS

This comprehensive bibliometric analysis of 166 FSM
publications (2017-2024) yields three primary theoretical
contributions: (1) the first systematic mapping of FSM's
intellectual structure, identifying four interconnected research
clusters; (2) empirical validation of digital twin technology as
the most transformative FSM innovation, achieving 99.9%
network uptime in telecommunications; and (3) development
of a three-stage digital twin maturity model providing
structured implementation guidance.

For practitioners, our findings offer evidence-based
implementation strategies demonstrating quantifiable benefits:
45% faster issue resolution, 40% efficiency improvement, and
35% response time reduction. Organizations should prioritize
addressing technological integration challenges (38.5%) and
organizational resistance (32.4%) through comprehensive
change management and skills development initiatives.

Three critical research directions emerge: (1) Al-enhanced
autonomous decision-making in FSM operations, (2) cross-
industry standardization of digital twin protocols, and (3)
human-centered design optimization for technician-digital
twin interfaces. These directions will advance next-generation
FSM systems that seamlessly integrate human expertise with
digital capabilities.

This study is limited to English-language publications from
selected databases (2017-2024). Future research should
incorporate non-English literature and extend temporal
coverage to capture emerging trends and cross-cultural
implementation patterns.
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