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GRAPHICAL ABSTRACT

e Introducing a novel method for
simultaneous integration of task and
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maps.

® Improving accuracy and

differentiation of final node values in

causal analysis of delay factors via
structured conflict resolution.

e Identifying shifts in key delay factor
priorities, highlighting organizational
significance and adjusting economic
factor roles.
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In infrastructure projects, delay factors are often interlinked through
complex causal relationships, making the accurate identification of the most
critical causes dependent on comprehensive analytical methods. Fuzzy
Cognitive Maps (FCMs) are widely regarded as effective tools for modeling
such complexities. However, most existing studies rely on simple or weighted
averaging to aggregate expert opinions, often neglecting the cognitive and
relational dynamics between experts. This oversight can undermine the
validity of results and ignore minority perspectives. This study proposes a
novel approach that simultaneously incorporates both task conflict
(differences in expert assessments) and relational conflict (variations in
mutual trust) into the aggregation process. The method was applied to
evaluate delay factors in a 230 kV transmission line project located in the
Deylam Special Economic Zone. The findings revealed that using simple
averaging resulted in final node values falling within a narrow range (0.77—
0.82), offering limited differentiation in factor prioritization. In contrast, the
conflict-resolution-based approach significantly expanded this range (0.64—
0.95) and altered the distribution of factor importance. For instance, the
weight of “lack of coordination among local entities” increased from 0.77 to
0.95, while the influence of “sudden increase in metal prices” dropped from
0.82 to 0.64. These results underscore the value of explicitly addressing
conflicts during expert aggregation, demonstrating how such structured
consideration can improve the validity and explanatory power of FCM
outcomes—ultimately providing a more robust tool for decision-making in
complex project environments.

2538-2195/© 2026 The Authors. Published by University of Eyvanekey. This is an open-access article under the £

terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://systems.eyc.ac.ir/
https://doi.org/10.22034/sep.2025.2064873.1341
https://orcid.org/0009-0002-7991-4763
https://orcid.org/0000-0002-0299-6409

Analyzing Delay Factors in Deylam Transmission Line Project: A Conflict-Oriented Fuzzy Cognitive Mapping Approach YVY¥

1. Introduction

Delays in infrastructure projects remain one of the
most significant challenges for project managers, as
they often stem from a complex web of interrelated
technical, financial, managerial, and environmental
factors. Power transmission projects, in particular,
involve numerous stakeholders and dynamic
operational conditions, making the timely
identification of root causes crucial for ensuring cost
efficiency and reliability (Abdollahi et al., 2025;
Khodayari et al., 2024). Fuzzy Cognitive Maps (FCMs)
have been widely adopted as an analytical tool for
modeling complex causal relationships among delay
factors, owing to their ability to integrate expert
knowledge and capture feedback loops inherent in
real-world systems (Kosko, 1986; Saraswathi et al.,
2024).

Despite their popularity, most FCM-based studies
aggregate expertjudgments using simple or weighted
averaging, implicitly assuming that opinions are fully
compatible (Papageorgiou et al., 2019; Papageorgiou
& Salmeron, 2012). This oversimplification overlooks
two key issues: task conflicts, which arise from
differences in the assessment of causal relationships,
and relational conflicts, which stem from varying
levels of mutual trust among experts (De Dreu &
Weingart, 2003; Gaba & Joseph, 2023; Gershon &
Fridman, 2023). Ignoring these dimensions can
reduce the accuracy of final node values and obscure
minority perspectives, ultimately limiting the
explanatory power of causal models.

Recent research in group decision-making has
proposed approaches for managing disagreements
and quantifying trust within expert networks, yet
their integration into FCM frameworks remains
limited (Engin et al., 2024; Malyshev et al., 2023).
Existing methods rarely distinguish between
constructive  task-related disagreements and
disruptive relational disputes, nor do they provide
systematic mechanisms for adjusting inconsistent
opinions before causal modeling (Pei et al., 2024; Chu
et al., 2022; Sarmiento et al., 2024; Schuerkamp et al.,
2023; Schuerkamp et al., 2025; Sha et al., 2024; Sun et
al., 2023; Toufighi et al., 2025).

To address these gaps, this study introduces a
conflict-oriented fuzzy cognitive mapping approach
for analyzing delay factors in power transmission
projects. The proposed method explicitly
incorporates both task and relational conflicts into
the aggregation of expert opinions, using a trust-
based network and iterative conflict resolution prior
to solving the FCM. This framework is applied to a 230
kV transmission line project in the Deylam Special
Economic Zone. By refining expert inputs and
emphasizing the dynamic interplay between factors,
the approach enhances the differentiation and
validity of causal weights, offering a more reliable
basis for prioritizing interventions and improving
project management in complex environments.

2. Methodology

This study employed a mixed computational-expert
approach to analyze delay factors in a 230 kV
transmission line project located in the Deylam
Special Economic Zone. The research followed three
main stages:

1. Expertdata collection and trust network
construction: Opinions regarding the
causes of project delays were obtained from
five senior experts representing the
technical, managerial, financial, and legal
units of the client organization. A pairwise
trust matrix was compiled to quantify the
degree of confidence among experts (Pei et
al., 2024). This matrix was modeled as a
fuzzy cognitive map (FCM) to derive
dynamic weights for each expert, reflecting
relational dependencies within the
decision group.

2. Conflict detection and adjustment:
Before aggregating expert assessments,
two types of conflicts were identified:

o Relational conflicts were
addressed using the trust-based
FCM to calculate expert weights.

o Task conflicts were detected
through a threshold mechanism
(0.15)  that compared the
dispersion of opinions on each
causal link. When deviations
exceeded the threshold, an
iterative adjustment based on
formulas (1)—(4) aligned outlying
judgments  while preserving
valuable minority information
(Pei et al, 2024; De Dreu &
Weingart, 2003).
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3. Fuzzy Cognitive Mapping and analysis:
Cleaned and weighted inputs were used to
construct the causal network of delay
factors, defined by seven nodes (e.g.,
sanctions, access to imported equipment,
route difficulty, weather conditions, local
opposition, price fluctuations, and permit
delays). The adjacency matrix was solved
using the classical FCM update equation
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(Kosko, 1986) until steady state (€ = 0.05)
was reached. Comparative simulations
were conducted: one with simple averaging
of opinions and another using the conflict-
oriented procedure. Outputs included the
final activation levels of each node and a
visual representation of causal links.
All computations were performed in Python, enabling
reproducibility of the network calculations, conflict-
resolution algorithm, and visualization of expert
weights and causal graphs.

3. Results and Discussion

The application of the proposed conflict-oriented
fuzzy cognitive mapping approach yielded clear
improvements in the analysis of delay factors
compared to conventional aggregation methods.
When expert judgments were combined using simple
averaging, the final activation levels of the seven
delay nodes converged to a narrow band (0.77-0.82),
limiting differentiation among causal factors. In
contrast, the conflict-resolution procedure expanded
the range of node values to 0.64-0.95, enabling
sharper prioritization of the most critical delays. The
resulting causal graph highlighted the central role of
sanctions and delayed supply of imported equipment
(N1), lack of coordination among local entities (N7),
and sudden increases in metal prices (N5). These
nodes formed feedback loops with permit delays and
route difficulties, indicating reinforcing mechanisms
that may intensify schedule overruns. After resolving
conflicts, the weight of “lack of coordination among
local entities” increased from 0.77 to 0.95, whereas
the influence of “price escalation of metals” decreased
from 0.82 to 0.64. It was further illustrated how the
algorithm moderated extreme inputs from low-
weight experts, producing balanced estimates of
causal link strengths.

The FCM networks obtained with and without
conflict management were compared and, it was
showed that the structure of causal relations
remained stable while link intensities were refined.
These findings align with previous research
emphasizing the importance of considering expert
heterogeneity and trust in group decision-making
(Papageorgiou et al., 2019; Engin et al., 2024; Pei et al.,
2024; Giordano et al., 2005). By explicitly modeling
both task and relational conflicts, the method
improves the validity and explanatory power of FCM
outputs. In the context of power transmission
projects, the results suggest that addressing
organizational coordination issues and supply-chain
vulnerabilities—particularly under sanctions—
should be prioritized to mitigate delays. Overall, the
study demonstrates that integrating conflict
resolution into FCM-based analyses offers a more
robust and transparent tool for identifying and
ranking delay factors, supporting evidence-based
decisions in complex project environments.
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4. Conclusions

This study presented a conflict-oriented fuzzy
cognitive mapping framework to identify and
prioritize delay factors in power transmission
projects. By integrating task and relational conflicts
into the aggregation of expert opinions, the approach
improved the clarity and reliability of causal weights
compared to conventional averaging. Applied to a 230
kV transmission line project in the Deylam Special
Economic Zone, the method revealed that sanctions
and delays in importing equipment, lack of
coordination among local authorities, and
fluctuations in metal prices were the most influential
sources of schedule overruns. The procedure
expanded the range of final activation wvalues,
allowing for a more precise ranking of critical issues
while preserving minority perspectives. The findings
confirm that managing expert disagreements before
solving an FCM enhances the robustness of causal
analyses and supports evidence-based decision-
making in complex environments. The proposed
framework can guide project managers in focusing on
organizational coordination, supply-chain resilience,
and regulatory efficiency to mitigate delays. Future
research may extend this approach to other
infrastructure domains or integrate real-time data to
dynamically update causal networks.
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Table 1. Normalized weight of experts based on the output of the fuzzy recognition map (FCM)
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Table 2. Introduction of nodes (delay factors) in the Deylam power transmission project
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Table 3. Comparison of expert opinion aggregation in simple averaging mode and using the conflict resolution

algorithm
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Figure 5. Drawing the final fuzzy recognition map using simple averaging (from Python output).
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Figure 6. Drawing the final fuzzy recognition map using the conflict resolution algorithm

(derived from Python output).
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|.A. IDLE Shell 3.13.0

File Edit S5Shell Debug Options Window Help
Python 3.13.0 (tags/v3.13.0:60403a5, oct 7 2024, 09:38:07) [MSC v.1941 64 bit (AMD64)] on win32
Type "help", "copyright®, "credits" or "license()" for more information.

22>

——— RESTART: C:/Users/karnco/Desktop/36987.py
Final Concept Values - Without Conflict Resolution:
International Sanctions and Delays in Importing Bquipment: 0.771
Difficult Terrain in Mountainous Areas: 0.801

Adverse Weather Conditions During Execution: 0.808

Land Conflicts with Natural Resources or Agriculture: 0.792
Sudden Price Increases of Industrial Metals: 0.819

Delays in Obtaining Permits for Crossing Infrastructure: 0.815
Lack of Coordination Among Local Authorities: ©0.777

Final Concept Values - With Conflict Resolution:
International Sanctions and Delays in Importing Bg: 0.8647
Difficult Terrain in Mountainous Areas: 0.B8289

adverse Weather Conditions During Execution: 0.7931

Land Conflicts with Natural Resources or Agricultu: 0.924
Sudden Price Increases of Industrial Metals: 0.6478
Delays in Obtaining Permits for Crossing Infrastru: 0.9284
Lack of Coordination Among Local Authorities: 0.9512

Statistical Measures of Differences:

Mean Absolute Difference: 0.1039
Standard Deviation of Differences: 0.0587
Maximum Difference: 0.1742 (Coordination)
Minimum Difference: 0.0149% (Weather)

>»>

Olo sl (6,8 a0 s g 68 k0 Sy LBl Julse ol ke aslie Y ISCS
Figure 7. Comparison of the final value of delay factors in the case of considering and not considering conflicts.
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Figure 8. Comparison of delay factor values in the case of considering and not considering conflicts.
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Figure 9. Diagram of the difference between the final values of the nodes in the two cases.
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Figure 10. Changes in node values in different iterations of the algorithm (for the proposed algorithm).

Sensitivity Analysis of Conflict Resolution Threshold in FCM
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Figure 11. Sensitivity analysis of the conflict threshold parameter (Python output).
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