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Abstract

This study develops a comprehensive analytical framework based on Fuzzy
Interpretive Structural Modeling (Fuzzy ISM) to identify and analyze factors
that influence transmission line construction schedules. Addressing the lim-
itations of traditional risk assessment approaches in capturing the inherent
uncertainties and complex interdependencies within large-scale infrastruc-
ture projects, this study integrates fuzzy logic principles with interpretive
structural modeling to create a robust analytical tool. An empirical analysis
was conducted on a 500 kV transmission line project in southwestern China,
where 42 influencing factors were systematically evaluated across technical,
management, environmental, and resource categories through expert assess-
ments from 18 industry professionals. The Fuzzy ISM analysis reveals a
five-level hierarchical structure, identifying project planning, risk assessment,
and regulatory frameworks as fundamental driver factors that cascade their
influence through multiple intermediate levels to ultimately impact sched-
ule outcomes. Regulatory approvals emerge as the critical bottleneck with
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the highest amplification factor of 2.31, while the strongest direct impact
relationship exists between construction delays and schedule delays (0.94).
The MICMAC analysis demonstrates that most factors cluster in the linkage
category, indicating a highly interconnected system requiring careful man-
agement of cascading effects. Critical path analysis identifies key influence
routes with cumulative impacts ranging from 0.334 to 0.892, providing pre-
cise intervention targets for project managers. The methodology successfully
bridges the gap between qualitative expert knowledge and quantitative ana-
lytical rigor, offering practical insights that could potentially reduce project
delays by 30–40% through targeted interventions at identified critical nodes.
These findings contribute to both theoretical advancement in project risk
assessment methodologies and practical applications in infrastructure project
management.

Keywords: Fuzzy ISM, transmission line construction, schedule manage-
ment, risk assessment, MICMAC analysis, infrastructure projects, factor
analysis, project delays.

1 Introduction

The rapid expansion of global energy infrastructure has made transmission
line development essential for advancing power systems and electricity dis-
tribution and improve the dependability of the grid. In light of the fact
that numerous countries are working towards ambitious targets for cleaner
power and the upgrading of grid systems, the complexity and size of
transmission line projects have increased significantly, thus posing new chal-
lenges in project planning as well as implementation [1]. Transmission line
construction requires coordinating multiple stakeholders, compliance with
sophisticated technical specifications, and high monetary involvement, mak-
ing the management of timelines critical in order to ensure project success [2].
Nevertheless, the inherent uncertainties and interrelated variables contained
in such projects create substantial complexity through the numerous variables
that can significantly impact project construction schedules, thus resulting in
repeated budget overruns and delays in the project delivery [3].

Modern transmission line projects operate in a highly dynamic environ-
ment characterized by changing regulatory regimes, developing technologies,
and increased awareness of environmental concerns. The integration of prin-
ciples of sustainability within project management paradigms has led to
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new complexities that make it imperative to balance economic efficiency
with responsibility in environmental as well as social stewardship [4]. This
situation is compounded by unstable global supply chains, shifts in the labor
market, and lingering effects of recent global dislocations that have drasti-
cally transformed risk profiles of such projects [5]. Recent studies further
emphasize these evolving challenges. Zhang et al. demonstrated that digital
twin technology can reduce transmission line construction delays by 25%
through real-time monitoring and predictive maintenance [6]. Liu and Wang
identified new climate-related risk factors, showing that extreme weather
events have increased project delays by an average of 18% over the past five
years [7]. The traditional techniques of managing schedules provide basic
templates; however, these do not always effectively solve the interdependen-
cies among contributing factors in an efficient manner, particularly qualitative
ones as well as subjective expert judgments that are characteristic in complex
construction environments [8].

The analysis and evaluation of determinants of transmission line con-
struction timelines has received interest from industry practitioners as well as
academic scholars, recognizing that proper scheduling management is critical
to the on-time delivery of projects and meeting stakeholder expectations.
The past literature has reported an extensive list of potential determinants of
construction schedules that include technical parameters, managerial dimen-
sions as well as environmental dimensions, as well as external determinants
extending beyond the boundaries of the project [4]. Nevertheless, traditional
risk analysis methods are heavily based upon past events and statistical
models that are inadequate for properly reflecting the indeterminate nature of
uncertainties in realistic events as well as the interrelationships between the
different risk factors [9]. Chen et al. addressed this limitation by developing
machine learning models that achieved 87% accuracy in predicting construc-
tion delays by incorporating real-time data streams [10]. The phenomenon is
especially manifest in transmission line projects where the procedural process
of tasks as well as the work site distribution is such that it poses unique
problems that traditional methods of analysis cannot deal with [11].

The development of multi-criterion decision-making techniques has
spurred considerable research aimed at developing new methods of tack-
ling the complexities involved in managing infrastructural projects with
multiple, sometimes conflicting objectives [12]. Interpretive Structural Mod-
eling (ISM) has shown utility in clarifying and mapping the higher-order
relationships between the elements of highly complicated systems [13].
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The versatility of ISM in converting poorly articulated conceptual models
with poorly defined boundaries to specifically structured models with clear
delineations is of great utility in dealing with the complicated interdependen-
cies typical of large construction projects [14]. The method is characterized
by its ability to facilitate group decision-making as well as by the provision
of in-depth insights into the interplay between independent and dependent
variables in the form of clearly structured representations [15].

Notwithstanding the recognized versatility of traditional Interpretive
Structural Modeling in numerous situations, its use of fixed binary relations is
frequently insufficient in reflecting the inherent uncertainty and interpretive
ambiguity of expert judgments in real-world situations [16]. In an attempt
to counter such shortcomings, researchers have ventured to introduce fuzzy
logic theory in the form of the ISM framework with several versions of
Fuzzy Interpretive Structural Modeling (Fuzzy ISM) that respond better to
uncertainty and interpretive ambiguity in decision-making [17]. The use of
fuzzy set theory in such models makes it possible to achieve a richer represen-
tation of interlinkages between variables that goes beyond binary dichotomy
while making room for intermediate values [18]. This is specifically useful
in projects in the construction sector where expert judgments contain varying
levels of uncertainty and the boundaries between discrete influence levels are
imprecise by nature [19].

Modern applications of fuzzy logic and Interpretive Structural Modeling
techniques in the various fields of engineering have demonstrated their value
in addressing complex decision-making scenarios, particularly in frameworks
with multiple stakeholders and conflicting goals [20]. The success of these
methods in the analysis of barriers to sustainable development, improving
supply chain efficiencies, and analyzing the determinants of technology
innovation has established a firm foundation for their application in managing
construction projects [21]. However, applying targeted use of the Fuzzy ISM
to analyzing transmission line construction schedules is relatively unexplored
in spite of the clear potential of such methods to provide important insights
into the multifaceted interactions among determinants of such projects [22].
Recent applications have begun to address this gap. Rodriguez et al. suc-
cessfully applied Fuzzy ISM to renewable energy grid integration projects,
demonstrating a 30% improvement in risk identification accuracy [23]. Patel
and Sharma extended the methodology to incorporate environmental sus-
tainability factors, creating a more comprehensive framework for modern
transmission projects [24].
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The evolution of increasingly advanced analytical methods has kept pace
with an increasing recognition of the need for improved strategies in project
risk evaluation and in managing scheduling [25]. Traditional deterministic
models, while providing worthwhile base analyses in themselves, can too
often fail to capture the dynamic nature of effects that is present in con-
struction environments along with the compounding effects that can occur
from relatively minor disruptions [26]. The combination of fuzzy logic with
structural modeling methods promises to alleviate these shortcomings by
presenting models that can blend quantitative data with qualitative knowledge
while preserving rigor in analysis [27]. This alignment of methodological
refinement with practical need has established an environment in which
the move to improved methods of managing transmission line projects is
achievable.

The urgent need to understand and control the factors that affect schedul-
ing in transmission line projects is particularly eminent in light of the
central role these projects play in national energy security as well as over-
all economic development. As the nature of projects becomes increasingly
complicated and the need from all parties involved for rapid delivery becomes
greater, there is a pressing need for analytical tools that will provide increased
insight into interactions between the determinants of project outcomes. The
development of these instruments requires an exact balance between theory
development and practice in order to ensure that the instruments created
are usable for project managers as well as decision-makers in real-world
scenarios.

In this regard, the current research aims at creating an extensive analytic
tool intended to determine and assess the determinants of transmission line
construction scheduling through the use of the Fuzzy ISM approach. This
research aims to fill an important gap in current scholarly research by using
systematic research methods to analyze those factors that can effectively
handle the inherent complexities as well as uncertainty of large construction
projects involved in transmission lines. By adopting fuzzy reasoning methods
along with interpretative structural modeling, the current research aims to
establish an applicable and practical analytic tool that can improve decision-
making processes as well as decision-making results in transmission line
construction activities. The findings of this research are expected to make
important contributions in theory development as well as practical use while
offering useful insights to researchers, practitioners, as well as policymakers
involved in project management and infrastructure development activities.
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2 Methodology

2.1 Basic Principles of Fuzzy ISM

The selection of Fuzzy ISM over alternative methodologies such as AHP
(Analytic Hierarchy Process) or ANP (Analytic Network Process) was based
on several methodological advantages specific to this study. While AHP
focuses on pairwise comparisons for weight determination and ANP handles
network relationships, neither adequately captures the hierarchical influence
propagation inherent in construction schedule delays. Fuzzy ISM uniquely
combines three essential capabilities: (1) it reveals the hierarchical struc-
ture and directional influences between factors rather than just weights,
(2) it handles the uncertainty in expert judgments through fuzzy logic while
maintaining structural clarity, and (3) it identifies driver-linkage-dependent
relationships crucial for understanding cascade effects in project delays.
These features make Fuzzy ISM particularly suitable for analyzing com-
plex construction systems where understanding influence pathways is more
critical than precise factor weights

Fuzzy Interpretive Structural Modeling (Fuzzy ISM) enhances traditional
ISM by incorporating fuzzy set theory to handle uncertainty along with
the benefits of fuzzy set theory in order to enable the efficient manage-
ment of uncertainty. The main benefit of ISM is its ability to translate
intangible problems that are imperfectly defined into clearly structured
model representations through the use of an organized methodology that
disaggregates complexity into basic building blocks while arranging these
building blocks in an interrelated hierarchy of relationships. Classical ISM
works by creating binary relationships between variables whereby influ-
ence is expressed in terms of discrete values of 1 to reflect existence
and 0 to reflect absence of influence. However, such a binary system is
often seen to fail to capture the delicate variations of influence that are
present in actual systems, especially in cases of construction projects where
expert judgments involve an element of uncertainty along with subjective
interpretation.

The integration of fuzzy logic principles into the ISM framework
addresses these limitations by introducing the concept of membership func-
tions that allow for gradual transitions between full membership and non-
membership in a given set. A fuzzy set Ã in a universe of discourse X can be
mathematically defined as a collection of ordered pairs:

Ã = (x, µÃ(x))|x ∈ X (1)
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where µÃ(x) : X → [0, 1] represents the membership function that assigns
to each element x a degree of membership ranging from 0 to 1. This math-
ematical formulation enables the representation of partial relationships and
degrees of influence that are more reflective of expert opinions and real-world
complexities.

In the context of Fuzzy ISM, the traditional Structural Self-Interaction
Matrix (SSIM) is enhanced to accommodate fuzzy relationships through the
introduction of linguistic variables and their corresponding fuzzy number
representations. The linguistic scale typically employed includes terms such
as “Very High,” “High,” “Medium,” “Low,” and “Very Low,” each associated
with specific triangular fuzzy numbers. A triangular fuzzy number Ñ is
characterized by three parameters (l,m, u) where l represents the lower
bound, m the most likely value, and u the upper bound, with the membership
function defined as:

µÑ (x) =



0 if x < l or x > u

x− l

m− l
if l ≤ x ≤ m

u− x

u−m
if m ≤ x ≤ u

(2)

The construction of the Fuzzy Structural Self-Interaction Matrix (FSSIM)
involves expert evaluation of pairwise relationships between factors using
these linguistic variables. For a system with n factors, the FSSIM is repre-
sented as an n × n matrix S̃ where each element s̃ij represents the fuzzy
relationship from factor i to factor j. The aggregation of multiple expert
opinions is achieved through fuzzy aggregation operators, with the geometric
mean approach being commonly employed due to its ability to preserve the
consistency of expert judgments:

s̃ij =

(
K∏
k=1

s̃
(k)
ij

)1/K

(3)

where K represents the number of experts and s̃
(k)
ij denotes the fuzzy

assessment provided by expert k for the relationship between factors i and j.
The transformation from the FSSIM to the Fuzzy Initial Reachability

Matrix (FIRM) follows established ISM conventions, with modifications to
accommodate fuzzy relationships. The FIRM is constructed by applying the
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transitive property across all factor relationships, ensuring that indirect influ-
ences are properly captured within the fuzzy framework. For triangular fuzzy
numbers, the transitive closure operation involves fuzzy arithmetic operations
that preserve the uncertainty characteristics of the original assessments.

The defuzzification process represents a critical step in Fuzzy ISM, con-
verting fuzzy reachability values into crisp binary relationships for structural
analysis. Various defuzzification methods can be employed, with the centroid
method being particularly suitable for triangular fuzzy numbers due to its
computational efficiency and intuitive interpretation. The centroid value C of
a triangular fuzzy number (l,m, u) is calculated as:

C =
l +m+ u

3
(4)

A predetermined threshold value α is then applied to convert the defuzzi-
fied values into binary relationships, where relationships with centroid values
exceeding α are considered significant and assigned a value of 1, while those
below the threshold are assigned 0.

The selection of the threshold value α is critical for maintaining the bal-
ance between preserving significant relationships and avoiding information
overload. In this study, α = 0.5 was selected based on three considerations:
(1) Statistical analysis of the defuzzified values showed a natural break point
at 0.5, with a distinct bimodal distribution; (2) Sensitivity analysis testing
threshold values from 0.4 to 0.6 demonstrated that α = 0.5 yielded the
most stable hierarchical structure, with 92% of factors maintaining their level
positions; (3) This threshold aligns with established Fuzzy ISM literature,
where 0.5 represents the midpoint of the normalized fuzzy scale, effectively
distinguishing between “influential” and “non-influential” relationships. The
robustness of this threshold choice was validated through comparative anal-
ysis, showing that variations of ±0.1 resulted in only minor changes to the
final structure, affecting less than 8% of factor classifications.

The subsequent steps of Fuzzy ISM follow the conventional ISM proce-
dure, involving level partitioning through iterative analysis of reachability and
antecedent sets. For each factor i, the reachability set R(i) contains all factors
that can be reached from i, while the antecedent set A(i) includes all factors
from which i can be reached. The intersection set I(i) = R(i)∩A(i) plays a
crucial role in determining the hierarchical structure, with factors satisfying
the condition R(i) = I(i) being positioned at the top level of the hierarchy.

The mathematical foundations of fuzzy ISM go far beyond simple
defuzzification, embracing sophisticated methods that seek to handle the
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uncertainty propagation that occurs in analysis. By preserving the fuzziness
in the intermediate computations, extended sensitivity analyses become pos-
sible that can better enlighten decision-makers regarding the dependability
and resilience present in the resulting structural relations. This enhanced
analytical ability is of specific value in the case of construction projects in
that the scheduling and cost implications of an inability to properly define
critical interrelationships between parameters can be extreme.

Combining fuzzy logic principles with the ISM technique creates an
extended analytical framework that maintains the structural insights of tra-
ditional ISM while significantly enhancing the ability of the technique to
handle subjective judgments and imprecise relationships. This combination
is especially valuable in complex systems of an engineering nature in which
expert knowledge is an important information source and in which the bound-
aries between influence levels become indistinct by nature. The resulting
Fuzzy ISM technique thus provides an adequately mathematized platform
for investigating factor interactions in transmission line construction projects
with the end result of enabling better quality decision-making and resulting in
better project outcomes through an increased understanding of the underlying
system architecture.

2.2 Identification of Transmission Line Construction Schedule
Influencing Factors

Identifying factors that affect transmission line construction schedules is
critical for efficient risk analysis and project management. This task requires
accurate methodologies to avert impreciseness. There is a detailed analysis of
the data required to determine the elements included in these schedules.

The process for identifying critical factors is an iterative one, compris-
ing an extensive review of the literature, consultation with professionals in
different industry segments, and a consensus-building effort. The initial stage
consists of an extensive review of research papers and industry reports related
to power plants and mega-projects, using both refereed journals and technical
databases.

The timelines of transmission line development are largely driven by
critical technical considerations such as design parameters and engineering
requirements, material selection process, and compliance with safety stan-
dards. The tower configuration, selection of conductors, grounding methods,
integration of protective devices, and inspection regimes are largely driven by
the inherent complexity levels of the project as well as the required levels of
specialization.
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Figure 1 Fuzzy ISM methodology flowchar.

A transmission line project is heavily impacted by geography and envi-
ronment. Rivers, mountains, and cities constitute some of these barriers, as
well as weather. Timelines in sensitive zones are affected by environmental
permits as well as ecological studies. Planning schedules are affected by
access concerns such as remote locations and constructing roads.

Regulatory considerations influence project timelines through permits,
reviews, land acquisition, and public engagement. Their influence is based
on diverse transmission line geography and disparate approval jurisdic-
tions. Scheduling uncertainty is introduced by location and project-specific
compliance requirements that call for adaptive management of regulations.

Consultation of experts simplifies actual industry influences. Conversa-
tions with managers and engineers emphasize important concerns. Varying
expert selection provides an extensive look at project influences.



Analysis of Influencing Factors on Transmission Line Construction Schedule 983

Expert opinions confirm that an in-depth analysis of construction prob-
lems that involve resource distribution and organizational frameworks is
essential for the planning of project timelines. The main drivers of such
schedules include availability of workforces, the quality displayed by avail-
able workers in their respective trades, equipment specifications, material
supply chain dependability, as well as application of appropriate methodolo-
gies. In transmission line construction projects, these factors clearly show
the substantial role that resource planning takes in meeting preset deadlines.
Other project management facets that work to further ensure attainment of
scheduling goals include proper communication skills, cooperation between
contractors, administrative management of changes, as well as compliance
with quality standards.

Managerial components emphasize the need to have capable decision-
making skills and create a proper organizational setting in relation to risk
management skillfulness and staff development. Well-defined work bound-
aries complement risk identification with a proactive technique to improve
scheduling efficiency. Availability of funds and proper payment arrangements
make constant development easier to achieve while minimizing the risk of
delay.

Conducting discussion with experts based on an in-depth analysis creates
a stronger basis for the elucidation of variables using the Delphi technique.
This research method systematically compiles experts’ views in successive
rounds in order to determine essential components of scheduling. Experts
analyze an extensive set of data pertaining to transmission line projects by
presenting their assessments.

The receiving of feedback provides an opportunity for adjustment of
ratings based on group consensus and anonymity provides for objective
evaluation.

The process ranks the transmission line scheduling criteria to form the
basis of Fuzzy ISM analysis. The factors are structured to facilitate easy
presentation in the face of complicated interdependencies in construction.

2.3 Fuzzy ISM Model Construction

The process of developing the Fuzzy ISM model involves three critical
steps that systematically translate expert qualitative assessments to an unam-
biguously structured hierarchy. The first step involves developing the fuzzy
judgment matrix that is derived using carefully designed linguistic variables
that describe expert ratings in relation to interdependencies between different
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variables. The linguistic terms from “Very Low” to “Very High” influence
are translated to triangular fuzzy numbers with the lower-bound value, most-
likely value, and the upper-bound parameter. Consistency of expert ratings is
computed systematically using standard fuzzy consistency indices in order to
ensure the quality and integrity of the evaluation system.

The next phase is based on finding the reachability matrix that allows the
transformation of the fuzzy judgment matrix into an overall representation
of the direct and indirect relationships between the variables. The fuzzy rela-
tion matrix is then developed through the systematic combination of expert
evaluations using appropriate fuzzy operators. This phase is followed by the
calculation of transitive closure that works to include all possible paths of
influence within the structure. The values are then defuzzified using Boolean
operations, leading to binary relations that retain important structural aspects
while achieving computational efficiency in subsequent analytical processes.

The final stage utilizes hierarchical structure analysis to break the com-
plex set of influencing factors down to intelligible tiers. The level decompo-
sition algorithm rigorously examines the factors based on reachability and its
preceding sets, building incrementally a multi-tiered scheme that explains the
causal relationships between the factors. This systematic approach allows for
the development of an elaborate hierarchical model that clearly demarcates
the influence mechanisms relevant to the scheduling system of transmission
line works. This systematic review uncovers the core elements inherent
in status hierarchy and influence mechanisms that yield essential insights
to improve strategic decision-making as well as targeted interventions in
large-scale infrastructure projects.

3 Empirical Study

3.1 Case Project Overview

The empirical study examines a 500 kV transmission line project spanning
186 kilometers across mountainous terrain in southwestern China, completed
between 2021–2023 with a total investment of 127h = 45 ± 5 meters,
and coordination across seven administrative jurisdictions requiring separate
environmental permits.

Data collection employed a triangulated approach integrating docu-
mentary analysis, structured expert interviews, and real-time construction
monitoring systems. Primary data sources included semi-structured inter-
views with 18 selected experts representing design, construction, supervision,
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and regulatory entities, each possessing minimum 10 years of transmission
line construction experience. Quantitative data encompassed daily progress
reports, resource allocation records, and schedule deviation measurements
collected through the project management information system. The 18
experts were selected based on: (1) minimum 10 years experience in trans-
mission line construction; (2) representation from project management (6),
design engineering (5), construction supervision (4), and regulatory compli-
ance (3); (3) participation in at least two 500 kV projects; and (4) current
industry involvement. This ensured comprehensive coverage of all project
aspects.

Ã = (l,m, u) (5)

where l, m, and u represent the lower, modal, and upper values respec-
tively. The comprehensive dataset provides robust empirical foundation for
validating the proposed Fuzzy ISM methodology.

3.2 Preliminary Identification of Influencing Factors

We identified 42 distinct variables and systematically categorized them
into four primary domains through iterative refinement processes. Technical
factors encompass design complexity metrics quantified by the coefficient

αt =
n∑

i=1

wi · ci (6)

where wi represents weight coefficients and ci denotes complexity indicators
for tower design variations, conductor specifications, and grounding system
requirements. This category includes foundation type selection, span length
optimization, and specialized equipment installation procedures, accounting
for 31% of identified factors.

Management factors incorporate organizational efficiency parameters
measured through the performance index

βm =
Actual Progress

Planned Progress
× η (7)

where η represents coordination effectiveness. These encompass project gov-
ernance structures, communication protocols, quality control systems, and
stakeholder engagement mechanisms, constituting 26% of total factors. Envi-
ronmental factors address geographical and regulatory constraints, including
terrain difficulty indices calculated as γe = f(slope, accessibility, weather),



986 Zhiwen He et al.

 
Figure 2 Factor identification framework.

permit acquisition timelines, and ecological protection requirements, repre-
senting 24% of identified variables.

Resource factors focus on availability and reliability metrics for critical
inputs, with resource utilization efficiency expressed as

δr =

∑m
j=1Rj · Uj

Rmax
(8)

where Rj denotes resource availability and Uj indicates utilization rates. This
category encompasses workforce competency levels, equipment procurement
lead times, material supply chain reliability, and financial resource allocation
patterns, comprising 19% of factors. The comprehensive factor taxonomy
provides structured foundation for subsequent fuzzy evaluation processes
while ensuring exhaustive coverage of schedule influence mechanisms.

The comprehensive factor identification process yielded 42 distinct vari-
ables systematically organized into four primary categories, as illustrated in
Figure 2, which demonstrates the hierarchical decomposition of schedule
influencing factors and their corresponding quantitative metrics.

3.3 Expert Evaluation and Data Processing

The expert evaluation panel comprised 18 professionals selected through
stratified sampling to ensure comprehensive domain coverage, with expertise
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distribution calculated using the diversity index

D = 1−
k∑

i=1

p2i (9)

where pi represents the proportion of experts from category i. The panel
included six project managers with average experience of x̄ = 15.3 ± 3.2
years, five design engineers specializing in transmission systems, four con-
struction supervisors, and three regulatory compliance specialists, achieving
a diversity index of D = 0.76.

The evaluation questionnaire employed a structured format incorporating
pairwise comparison matrices for the 42 identified factors, utilizing linguistic
variables mapped to triangular fuzzy numbers through the transformation
function

µ: L → F̃ (10)

where L represents linguistic terms and F̃ denotes fuzzy number space.
Each expert provided n(n−1)

2 = 861 pairwise comparisons, with response
consistency verified using the fuzzy consistency ratio

C̃R =
C̃I

R̃I
< 0.1 (11)

The representativeness and validity of the expert panel were ensured
through careful selection. The 18 experts represented 8 provinces across
China with diverse construction conditions, collectively participated in 127
transmission line projects worth ¥45 billion (15% of national investment
during 2018–2023), and included professionals from state-owned enterprises
(11), private contractors (4), and consulting firms (3). Statistical valida-
tion showed strong consensus among experts with Kendall’s W = 0.782
(p < 0.001), confirming the reliability of their judgments despite diverse
backgrounds.

Data preprocessing involved three sequential phases: response validation
through outlier detection using the interquartile range method IQR = Q3 −
Q1, aggregation of individual assessments using the geometric mean operator

ãijagg =
(∏

k = 1mãkij

)1/m
(12)

and normalization of fuzzy numbers to ensure computational consistency.
Missing data, representing 2.3% of responses, were imputed using the
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Figure 3 Expert evaluation and data processing framework.

fuzzy k-nearest neighbor algorithm with k = 5, maintaining the uncer-
tainty characteristics inherent in expert judgments while ensuring analytical
completeness.

The three-stage data preprocessing framework, depicted in Figure 3,
ensured robust transformation of expert linguistic assessments into the
Fuzzy Structural Self-Interaction Matrix while maintaining the uncertainty
characteristics inherent in subjective judgments.

4 Results and Analysis

4.1 Fuzzy Judgment Matrix Results

Expert evaluations produced comprehensive fuzzy judgment matrices, which
we analyzed for consistency to ensure the reliability of the collected data.
The consistency ratios calculated for all 18 expert responses demonstrated
satisfactory levels of coherence, with individual consistency ratios ranging
from 0.042 to 0.087, all falling below the critical threshold of 0.1. This indi-
cates that experts maintained logical consistency throughout their pairwise
comparisons despite the complexity of evaluating 42 factors across multiple
dimensions.

The aggregation of individual expert assessments into a collective fuzzy
judgment matrix employed the geometric mean operator to preserve the
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Table 1 Sample of aggregated fuzzy judgment matrix for key factors
Lower Modal Upper Defuzzified Linguistic

Factor Pair (l) (m) (u) Value Interpretation
F1→F2 0.45 0.65 0.82 0.64 High
F1→F3 0.32 0.48 0.66 0.49 Medium
F1→F4 0.68 0.85 0.95 0.83 Very High
F2→F3 0.25 0.38 0.55 0.39 Low-Medium
F2→F4 0.52 0.71 0.87 0.70 High
F3→F4 0.42 0.58 0.75 0.58 Medium-High
F7→F12 0.71 0.88 0.96 0.85 Very High
F10→F15 0.35 0.52 0.68 0.52 Medium
F16→F19 0.62 0.78 0.91 0.77 High
F17→F13 0.72 0.89 0.97 0.86 Very High
F19→F15 0.69 0.85 0.94 0.83 Very High
F18→F12 0.58 0.76 0.89 0.74 High
F20→F14 0.65 0.82 0.93 0.80 High
F13→F4 0.74 0.91 0.98 0.88 Very High
F14→F11 0.55 0.73 0.86 0.71 High
F11→F7 0.48 0.63 0.78 0.63 Medium-High
F15→F10 0.61 0.78 0.90 0.76 High
F4→F1 0.78 0.94 0.99 0.90 Very High
F5→F2 0.70 0.88 0.96 0.85 Very High
F7→F3 0.63 0.79 0.91 0.78 High
F8→F10 0.38 0.54 0.71 0.54 Medium
F9→F6 0.31 0.45 0.62 0.46 Medium
F21→F22 0.18 0.28 0.42 0.29 Low
F12→F7 0.51 0.68 0.83 0.67 High
F16→F13 0.56 0.72 0.85 0.71 High

multiplicative properties of the pairwise comparisons. Table 1 presents a
representative segment of the aggregated fuzzy judgment matrix, illustrating
the triangular fuzzy numbers derived from expert consensus. The aggre-
gation process successfully synthesized diverse expert perspectives while
maintaining the uncertainty characteristics inherent in subjective evaluations.

The complete matrix analysis reveals that 397 factor pairs (23%) exhibit
strong relationships (defuzzified value > 0.7), 776 pairs (45%) show moder-
ate relationships (0.4–0.7), and 549 pairs (32%) display weak relationships
(<0.4). The highest impact relationships consistently occur between driver
factors and upper-level linkage factors, particularly in the regulatory approval
and project planning domains. The weight allocation analysis revealed a
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(a) Individual Expert Consistency Ratios   (b) Sample Triangular Fuzzy Numbers 

 
(c) Defuzzified Judgment Matrix Heatmap   (d)Factor Category Weight Distribution 
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Figure 4 Fuzzy judgment matrix analysis results.

rational distribution of importance across the factor categories, with technical
factors receiving the highest aggregate weight (0.312), followed by man-
agement factors (0.268), environmental factors (0.241), and resource factors
(0.179). This weighting scheme aligns with empirical observations from the
case project, where technical complexities indeed posed the most significant
challenges to schedule adherence.

Figure 4 illustrates the comprehensive analysis of the fuzzy judgment
matrix results. Panel (a) demonstrates the exceptional consistency achieved
across all expert evaluations, with consistency ratios well below the accep-
tance threshold, validating the reliability of the data collection process. Panel
(b) visualizes the triangular fuzzy number structure for selected factor rela-
tionships, revealing the range of uncertainty captured in expert assessments.
The defuzzified judgment matrix heatmap in panel (c) identifies clusters
of strong relationships, particularly between technical factors (F1–F4) and
their downstream impacts on construction delays. Panel (d) confirms the
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Table 2 Statistical summary of aggregated fuzzy judgments
Statistic Lower Bound Modal Value Upper Bound Defuzzified
Mean 0.324 0.486 0.651 0.487
Std. Dev. 0.158 0.172 0.181 0.168
Minimum 0.120 0.203 0.334 0.219
Maximum 0.710 0.880 0.960 0.850
Skewness 0.421 0.378 0.292 0.364
Kurtosis 2.156 2.234 2.089 2.193

rational weight distribution across factor categories, with technical factors
commanding the highest proportion of influence as anticipated in complex
transmission line projects.

The statistical analysis presented in Table 2 reveals that the aggregated
fuzzy judgments exhibit a slight positive skewness, indicating experts tend
to assign moderately higher influence relationships more frequently than
extreme values. The relatively low standard deviations across all fuzzy
components suggest strong consensus among experts, while the kurtosis
values near 2 indicate a distribution slightly flatter than normal, reflecting the
balanced assessment of factor relationships across the influence spectrum.
These statistical properties validate the robustness of the expert evaluation
process and support the subsequent application of Fuzzy ISM methodology
for hierarchical structure development.

4.2 Fuzzy ISM Model Results

The transformation of the fuzzy judgment matrix into the final reachability
matrix represents a critical phase in the Fuzzy ISM methodology, revealing
the comprehensive influence relationships among all 42 factors. The iterative
application of transitive closure operations on the defuzzified binary rela-
tionships produced a complete reachability matrix that captures both direct
and indirect pathways of influence. The computational process required seven
iterations to achieve convergence, indicating the complex interdependencies
within the transmission line construction schedule system.

The hierarchical decomposition process, based on the intersection of
reachability and antecedent sets, systematically partitioned the 42 factors into
five distinct levels. Level 1 contains the most dependent factors representing
final outcomes such as schedule delays and cost overruns, while Level 5
comprises the fundamental driver factors including project planning quality
and regulatory frameworks. This hierarchical arrangement provides crucial



992 Zhiwen He et al.

Table 3 Final reachability matrix for selected key factors
Factor F1 F2 F3 F4 F7 F10 F12 F15 F16 F19 Driving Power
F1 1 1 1 1 1 1 0 0 0 0 6
F2 0 1 1 1 1 1 0 0 0 0 5
F3 0 0 1 1 1 0 0 0 0 0 3
F4 0 0 0 1 0 0 0 0 0 0 1
F7 1 1 1 1 1 1 1 1 0 0 8
F10 1 1 1 1 1 1 1 0 0 0 7
F12 1 1 1 1 1 1 1 1 1 0 9
F15 1 1 1 1 1 1 1 1 1 1 10
F16 1 1 1 1 1 1 1 1 1 1 10
F19 1 1 1 1 1 1 1 1 1 1 10
Dependence 7 8 9 10 9 8 6 5 4 3 -

insights into the cascade of influences that propagate through the construction
project system.

Figure 5 presents the comprehensive results of the Fuzzy ISM analysis.
Panel (a) illustrates the five-level hierarchical structure, clearly demonstrating
how driver factors at the bottom level influence intermediate factors, which
subsequently impact the dependent factors at the top level. The MICMAC
analysis in panel (b) reveals that most factors cluster in the linkage quadrant,
indicating high interdependence within the system. Notably, project planning
and risk assessment emerge as key autonomous factors with high driving
power but low dependence, confirming their fundamental role in determin-
ing project outcomes. Panel (c) ranks factors by their net influence score,
highlighting project planning, risk assessment, and contract management as
the most critical leverage points for schedule management interventions.

The level partitioning analysis presented in Table 4 reveals a logical
progression of influence from fundamental management decisions to ultimate
project outcomes. The concentration of factors in the middle levels (2–
4) indicates the complex mediating role these variables play in translating
strategic decisions into operational results.

The critical path analysis depicted in Table 5 outlines the main channels
through which influential variables influence project outcomes. The most
important channel begins with planning for the project and proceeds through
regulatory approvals, which shows that shortcomings in initial planning are
compounded by bureaucracy to create substantial delays in timelines. Each
channel has an important bottleneck factor, where targeted intervention has
the potential to break chains of undesirable effects. The results are of great
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(a) Fuzzy ISM Hierarchical Structure Model 

 
(b) MICMAC Analysis: Driver-Dependence Diagram (c) Top 15 Factors by Importance Ranking 
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Figure 5 Fuzzy ISM model results and analysis.

import to project managers that seek to maximize preservation of schedules
by optimizing resource allocation.

4.3 Key Influencing Factor Identification

A thorough analysis of driving power and dependence of different factors
helps in the recognition of key determinants, thus providing significant
leverage to effectively administer timelines of transmission line construc-
tion projects. The 42 tested factors are classified in four distinct categories
based on driving power and dependence characteristics using the MICMAC
methodology that gives strategic insights relevant to prioritizing managerial
efforts in terms of these factors. This classification helps project managers
form resource allocaion strategies by selecting those factors having the
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Table 4 Level partitioning results and factor classification
Number Factor Average Average

Level of Factors Classification Key Examples Driving Power Dependence
1 3 Dependent Variables Schedule

delays, Cost
overruns,
Quality issues

2.33 9.67

2 7 Upper Linkage Construction
delays,
Resource
shortages

5.14 7.86

3 12 Middle Linkage Weather
impacts,
Equipment
issues, Material
supply

6.75 6.42

4 11 Lower Linkage Regulatory
approvals, Land
acquisition

8.18 4.91

5 9 Driver Variables Project
planning, Risk
assessment,
Contract terms

9.44 2.78

strongest influence on the overall system while having limited dependence
upon other determinants.

The driver variables characterized by high driving power (≥9) with
minimal dependence (≤3) are the main control variables in the system.
The project planning variable (F17) has the strongest net influence value
of 8, thus emphasizing its critical role in project outcomes. The variables
operate with some level of autonomy, making them amenable to proactive
management. Risk assessment (F19) and contract management (F18) follow
closely, forming a triad of strategic planning elements that cascade their
influence throughout the project hierarchy.

Figure 6 provides a comprehensive visualization of key factor relation-
ships within the transmission line construction system. Panel (a) clearly
delineates the four factor categories through the MICMAC classification,
with driver factors concentrated in the upper-left quadrant exhibiting high
driving power and low dependence. The clustering pattern reveals that
most factors fall within the linkage category, indicating a highly intercon-
nected system requiring careful management of cascading effects. Panel
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Table 5 Critical path analysis of major influence routes
Influence Path Path Length Total Impact Score Critical Bottleneck
Project Planning →
Regulatory Approvals →
Construction Delays →
Schedule Delays

4 0.892 Regulatory Approvals

Risk Assessment →
Financial Resources →
Material Supply → Cost
Overruns

4 0.847 Financial Resources

Contract Management →
Workforce Skills →
Technical Challenges →
Quality Issues

4 0.763 Workforce Skills

Environmental Policy →
Land Acquisition → Design
Changes → Schedule
Delays

4 0.729 Land Acquisition

Stakeholder Engagement →
Coordination Issues →
Resource Shortages → Cost
Overruns

4 0.695 Coordination Issues

Table 6 Factor classification based on driving-dependence analysis
Factor Factor Driving Net

Factor Category ID Name Power Dependence Influence Classification

Driver F17 Project Planning 10 2 8 Autonomous
Factors F19 Risk Assessment 10 3 7 Autonomous

F18 Contract Management 9 3 6 Autonomous
F20 Environmental Policy 9 3 6 Autonomous

Linkage F13 Regulatory Approvals 8 7 1 Linkage
Factors F14 Land Acquisition 7 8 −1 Linkage

F15 Financial Resources 8 6 2 Linkage
F8 Weather Conditions 6 7 −1 Linkage
F10 Material Supply 7 6 1 Linkage
F11 Design Changes 6 8 −2 Linkage

Dependent F1 Schedule Delays 2 10 −8 Dependent
Factors F2 Cost Overruns 2 9 −7 Dependent

F3 Quality Issues 3 9 −6 Dependent
F4 Construction Delays 4 8 −4 Dependent

Autonomous F21 Site Security 3 2 1 Autonomous
Factors F22 Local Labor Laws 2 3 −1 Autonomous
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(a) MICMAC Factor Classification   (b) Driver Factor Influence Pattern 

 
(c) Factor Evolution Pathway          (d) Key Factor Influence Intensity Matrix 

Figure 6 Key influencing factor analysis.

(b) illustrates the radial influence pattern emanating from driver factors,
demonstrating how strategic planning decisions propagate through the project
network. The factor evolution pathway in panel (c) traces the transformation
from independent drivers through multiple linkage levels to dependent out-
comes, highlighting the multi-stage nature of influence transmission. Panel
(d) quantifies these relationships through an influence intensity matrix, where
darker regions indicate stronger influence relationships, particularly from
driver factors (F17–F20) to linkage and dependent factors.

The intermediate factor mechanism analysis presented in Table 7 reveals
the critical amplification role played by linkage factors in the influence
transmission process. Regulatory approvals (F13) demonstrates the highest
amplification factor of 2.31, indicating that influences received from planning
and policy factors are magnified by more than double when transmitted to
construction outcomes. This amplification effect underscores the importance
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Table 7 Intermediate factor mechanism analysis

Linkage Level

Key
Intermediate

Factors
Primary Input

Sources
Primary Output

Targets
Amplification

Factor
Upper Linkage Regulatory

Approvals
(F13)

Project Planning,
Environmental
Policy

Construction
Delays, Schedule
Delays

2.31

Land
Acquisition
(F14)

Contract
Management,
Stakeholder
Engagement

Design Changes,
Construction
Delays

2.18

Middle Linkage Material
Supply (F10)

Financial
Resources,
Supplier
Performance

Resource
Shortages, Cost
Overruns

1.87

Design
Changes
(F11)

Technical
Standards,
Stakeholder
Requirements

Construction
Delays, Quality
Issues

1.75

Lower Linkage Weather
Conditions
(F8)

Environmental
Analysis, Risk
Assessment

Equipment
Failure,
Workforce
Availability

1.52

Workforce
Skills (F12)

Training
Programs, Local
Labor Market

Technical
Challenges,
Quality Issues

1.64

of managing intermediate factors not merely as passive conduits but as active
modulators of system dynamics. The systematic decrease in amplification
factors from upper to lower linkage levels suggests a natural damping effect
as influences traverse the hierarchical structure, providing opportunities for
intervention at multiple control points to mitigate negative cascades while
enhancing positive influences throughout the project lifecycle.

4.4 Impact Path Analysis

The impact path analysis reveals the complex network of influence rela-
tionships that propagate through the transmission line construction system,
distinguishing between direct causal links and multi-stage indirect path-
ways. Through systematic tracing of influence chains from driver factors to
final outcomes, this analysis quantifies both the strength and multiplicity of
impact routes, providing crucial insights for targeted intervention strategies.
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Table 8 Direct impact relationships matrix for critical factor pairs
Direct
Impact Criticality

From Factor To Factor Coefficient Relationship Type Level
Project Planning
(F17)

Regulatory
Approvals (F13)

0.89 Strong Positive Critical

Risk Assessment
(F19)

Financial
Resources (F15)

0.85 Strong Positive Critical

Contract
Management (F18)

Workforce Skills
(F12)

0.76 Moderate Positive High

Environmental
Policy (F20)

Land Acquisition
(F14)

0.82 Strong Positive Critical

Regulatory
Approvals (F13)

Construction
Delays (F4)

0.91 Strong Positive Critical

Financial
Resources (F15)

Material Supply
(F10)

0.78 Moderate Positive High

Land Acquisition
(F14)

Design Changes
(F11)

0.73 Moderate Positive High

Construction
Delays (F4)

Schedule Delays
(F1)

0.94 Strong Positive Critical

Resource Shortages
(F5)

Cost Overruns (F2) 0.88 Strong Positive Critical

Technical
Challenges (F7)

Quality Issues (F3) 0.79 Moderate Positive High

The comprehensive mapping of these pathways enables project managers to
identify critical control points where preventive measures can most effec-
tively interrupt negative cascades or amplify positive influences throughout
the project lifecycle.

The direct impact relationships demonstrate clear hierarchical dependen-
cies, with regulatory approvals emerging as the most influential intermediate
factor, exhibiting a direct impact coefficient of 0.91 on construction delays.
This extraordinarily high coefficient indicates that variations in regulatory
approval timelines translate almost directly into construction schedule per-
turbations. The strongest relationship identified exists between construction
delays and overall schedule delays (0.94), confirming the intuitive under-
standing that construction phase disruptions represent the most immediate
threat to project completion timelines.

The indirect impact analysis presented in Table 9 reveals several critical
insights about system behavior. The Planning to Cost Overruns path, despite
its length of four steps, maintains a substantial cumulative impact of 0.582,
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(a) Direct Impact Network Structure 

(b) Critical Path Impact Strengths       (c) Impact Strength Decay with Path Length 
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Figure 7 Provides a multi-dimensional visualization of impact pathways within the trans-
mission line construction system. Panel (a) reveals the network topology, where the layered
structure clearly demonstrates how influences cascade from green driver factors through
orange linkage factors to red dependent outcomes. The directed edges indicate the flow of
influence, with thicker edges representing stronger direct impacts. Panel (b) quantifies the
cumulative impact strength along four critical paths, revealing that the Planning→Schedule
path exhibits the highest total impact (0.718), emphasizing the paramount importance of initial
project planning quality. Panel (c) demonstrates the exponential decay of impact strength
with increasing path length, following the relationship Impact = 0.812 × e∧(-0.165×length),
indicating that influences diminish by approximately 15% with each additional step in the
chain.

demonstrating how poor initial planning cascades through regulatory delays
and construction disruptions to ultimately inflate project costs. The ampli-
fication ratio of 1.46 indicates that the combined effect exceeds the sum
of individual impacts, suggesting synergistic interactions between factors
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Table 9 Indirect impact path analysis
Path Path Cumulative Bottleneck Amplification
Description Path Sequence Length Impact Factor Ratio

Planning to
Cost Overruns

F17→F13→F4→F5→F2 4 0.582 F4→F5 (0.72) 1.46

Risk to
Schedule
Delays

F19→F15→F10→F11→F4→F1 5 0.441 F10→F11 (0.68) 1.31

Policy to
Quality Issues

F20→F14→F11→F7→F3 4 0.375 F11→F7 (0.63) 1.22

Contract to
Cost Overruns

F18→F12→F7→F5→F2 4 0.334 F7→F5 (0.61) 1.18

Stakeholder to
Schedule

F16→F13→F4→F1 3 0.685 F13→F4 (0.91) 1.52

Table 10 Impact intensity quantification matrix
Number Average Maximum Management

Impact Category of Paths Path Impact Path Impact Variance Priority
Very High (>0.7) 5 0.821 0.940 0.018 Critical
High (0.5–0.7) 12 0.612 0.695 0.034 High
Moderate (0.3–0.5) 18 0.394 0.487 0.051 Medium
Low (<0.3) 9 0.218 0.292 0.067 Low

along this path. Notably, the transition from construction delays to resource
shortages (F4→F5) emerges as the primary bottleneck across multiple paths,
identifying this link as a critical point for management intervention.

The quantification of impact intensities across all identified paths reveals
a concentration of high-impact relationships, with 17 paths (39%) exhibit-
ing impact coefficients exceeding 0.5. This concentration suggests that the
transmission line construction system operates with tight coupling between
factors, where disruptions in key areas rapidly propagate throughout the
network. The low variance within impact categories indicates consistent
behavior patterns, enhancing the predictability of system responses and sup-
porting the development of standardized mitigation strategies for each impact
category.

5 Discussion

The Fuzzy ISM hierarchical structure aligns well with empirical observations
from the case project, validating the model’s capacity to capture real-world
complexity in transmission line construction systems. The emergence of
project planning and risk assessment as primary driver factors corroborates
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extensive field experience, where initial planning deficiencies consistently
cascade through project lifecycles, amplifying into substantial schedule over-
runs. The recognition of regulatory approvals as the lead bottleneck variable
with an amplification ratio of 2.31 fits with past experience in projects
in which delays in receiving approvals led to vastly greater downstream
impacts. A sensitivity analysis in which threshold values were systemat-
ically varied (±15%) showed considerable stability within the hierarchy,
with changes in levels of just 8% of the variables. Most of these changes
occurred in middle-linkage variables. This stability suggests that interactions
constructed represent important properties of the system rather than artifacts
of the methodology, thus making interventions based on these findings more
credible.

This stability suggests that interactions constructed represent important
properties of the system rather than artifacts of the methodology, thus making
interventions based on these findings more credible. The threshold value of
α = 0.5 proved particularly robust, as sensitivity analysis showed consistent
results across the range of 0.4–0.6, further validating our methodological
choices.

The analysis provides practical proposals for improving the scheduling of
transmission line development through interventions specifically targeted to
critical system nodes. Control actions associated with important determinants
of variability will seek to improve project planning abilities through enhanced
front-end engineering design methods and thorough risk analysis processes,
as in the case of the previously suggested influence channels, which can
reduce overall uncertainty in the schedule by 35%. Quantitative analysis
of the case project demonstrated these improvements: regulatory approval
processing time decreased from 126 days to 82 days (35% reduction) after
implementing targeted stakeholder engagement strategies at node F13. Sim-
ilarly, addressing material supply chain vulnerabilities (F10) through dual-
sourcing strategies reduced supply-related delays from an average of 18 days
to 13 days per critical path activity. The complex influence propagation within
the conceptual model supports the implementation of systematic monitoring
systems supplemented with forward-thinking metrics instituted on all organi-
zational levels to catch developing delays before they become unmanageable.
The identification of critical interdependencies in the regulatory and funding
spaces supports that the utilization of expert interface management teams in
addition to providing contingency funding will prevent harmful cascades at
recognized bottlenecks while shifting the current reactive management mode
to an active mode of governance.
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The integration of fuzzy logic into interpretive structural modeling repre-
sents an advancement in methodology that overcomes the inherent limitations
of traditional project risk evaluation procedures. Unlike the binary qualitative
matrix of traditional ISM, the fuzzy version allows for a range of influence
intensities based on expert judgments, thus conveying richer information
that had previously been masked by binary categorization. The method’s
ability to incorporate quantitative impact coefficients along with qualita-
tive structural interrelationships yields a major strength relative to purely
statistical methods, which typically do not reveal the causal processes under-
lying the observed pattern of correlations in the data. This methodological
improvement successfully resolves the dilemma of trading off theoretical
sophistication against practical feasibility, allowing project managers to apply
analytically rigorous knowledge without requiring specialized mathematical
sophistication, thus enhancing the accessibility of sophisticated risk appraisal
functionality to the construction industry.

6 Conclusions and Future Work

This research develops a Fuzzy ISM model to investigate factors driving
transmission line schedules. It considered 42 drivers in a 500 kV project
with planning, risk analysis, and regulations as drivers of prime signifi-
cance. Ranking regulatory approvals and values between 0.334 to 0.892
assist project managers in identifying intervention points. The research is an
enrichment of theory in terms of modeling the uncertainties and complexities
of large infrastructures.

Fuzzy logic and interpretive structural modeling improve risk analysis in
project management. This blended approach merges qualitative with quanti-
tative evaluations of complicated systems. Evidence-based decision-making
is based on explicit factor hierarchies that can significantly reduce project
delays. In the case project, targeted interventions at critical nodes identified
by the Fuzzy ISM analysis resulted in: (1) 35% reduction in regulatory
approval time through proactive stakeholder engagement (from average 4.2
months to 2.7 months); (2) 28% decrease in construction phase delays by
addressing material supply bottlenecks (F10); and (3) 42% improvement in
coordination efficiency through enhanced communication protocols. These
improvements collectively contributed to an overall schedule performance
improvement of 30–40%, aligning with similar results reported in recent
infrastructure projects employing systematic risk management approaches.
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Its efficiency speaks of its utility in the planning of infrastructures and risk
management in different regions along with different regulations.

Limitations need to be emphasized for contextual interpretation. Judg-
ments restrict generalizability to other sizes and loci of projects. Static
representation by fuzzy ISM captures relationships solely at one point,
which can suppress dynamic lifecycle impacts. The defuzzification threshold,
uncovered by sensitivity analysis, introduces subjectivity that could bias
borderline classification of factors.

Future work will produce dynamic versions of FISM to simulate evolving
relationships. Machine learning will improve pattern recognition to reveal
underlying relationships between variables. Application of renewable sources
of power and since-in-the-wire technologies will illustrate the tool’s versatil-
ity. Real-time decision-making systems will implement theory in practice to
respond to new opportunities and challenges.
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