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The aim of the present study is to identify and assess the risks in the navigation of passenger
vessels between Bandar Abbas and Qeshm Island based on the Shell technique (software and hardware,
environment and human (employee personnel). The research method is mixed (qualitative and quantitative)
and is applied in terms of purpose and nature. The statistical population of the study was specialists and
experts in the field of tourism and navigation, of which 12 people were used for the interviews and 15
people were used for the fuzzy Delphi part. In this study, information was collected through interviews and
data analysis using content analysis methods, fuzzy Delphi and risk ranking using the DANP method and
using Excel software. To identify the risks, first by interviewing 12 navigation experts and then using the
content analysis method, the risks in the navigation of passenger vessels between Bandar Abbas and Qeshm
Island were identified as 28 risks based on the Shell technique. Then, using the fuzzy Delphi method and
the opinions of 15 experts, all risks The identified risks were refined and confirmed, and then the risks
were ranked. The results showed that the software risks of passenger vessel navigation are: failures in the
integration of navigation data, cyber attacks and unauthorized access, user error when using the software,
the effects of weather conditions and the marine environment on the performance of navigation software,
deviations from standard operating procedures in the operation of equipment, delays in periodic updates
of navigation systems and marine charts, and incorrect data management. Hardware risks include sensor
failures, problems in network hardware, physical damage, fluctuations and outages of navigation equipment
power supply systems, lack of proper maintenance, and environmental challenges. Environmental risks
include pollution of coastal waters due to the discharge of waste and petroleum fuels, damage to marine
life, marine traffic, garbage discharge, and changes in the ecosystem. Personnel risks include accidents
and incidents, adverse weather conditions, diseases and injuries, stress, and Psychological stress is a safety
issue. Also, ranking all risks together showed that the most important risks are diseases and injuries.
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Extended Abstract

Introduction

Maritime transportation plays a fundamental role in international trade, tourism development, and regional economic
growth. As one of the safest and most cost-effective transportation systems, it carries a considerable proportion of
passengers and cargo worldwide. Nevertheless, the increasing complexity of maritime operations, rapid technological
development, intensive vessel traffic, and continuously changing environmental conditions have created significant
challenges for navigation safety and risk management. The Bandar Abbas—Qeshm maritime route is among the busiest
passenger shipping corridors in Iran, transporting thousands of passengers daily while serving as a strategic link between
the mainland and Qeshm Island. Owing to its economic importance and the continuous movement of passenger
vessels, maintaining navigation safety has become a major concern for maritime authorities and vessel operators. Safe
navigation in such an operational environment depends not only on the reliability of navigation equipment but also
on the effective interaction among human factors, navigation technologies, operational procedures, and environmental
conditions. Previous studies have mainly focused on identifying or prioritizing navigation risks independently, whereas
relatively little attention has been devoted to investigating the causal relationships among different categories of
navigation risks. Since maritime accidents are typically the result of multiple interacting factors rather than isolated
failures, understanding these interactions is essential for establishing effective navigation safety strategies. Recent
developments in maritime risk assessment have also demonstrated that conventional ranking methods are insufficient
for analyzing complex operational systems in which risk factors continuously influence one another. Consequently,
integrated analytical approaches capable of identifying both critical risks and their causal interactions are increasingly
required for evidence-based maritime safety management. Accordingly, this study aims to identify, validate, analyze,
and prioritize navigation risks affecting passenger vessels operating on the Bandar Abbas—Qeshm maritime route.
The novelty of this research lies in integrating the SHELL framework, Conventional Content Analysis, the Fuzzy
Delphi Method, and the DEMATEL-based Analytic Network Process (DANP) to develop an integrated navigation risk
assessment framework capable of revealing the causal structure of navigation risks and identifying the key driving
factors influencing maritime navigation safety.

Methodology

This study adopted an applied mixed-methods (qualitative—quantitative) research design. During the qualitative phase,
semi-structured interviews were conducted with maritime navigation experts to identify the major risks affecting
passenger vessel operations. Interview data were analyzed using Conventional Content Analysis through open and
axial coding. The extracted risks were subsequently classified into the four dimensions of the SHELL framework,
namely Software, Hardware, Environment, and Liveware (Personnel). The identified risks were then evaluated using
the Fuzzy Delphi Method with the participation of fifteen academic experts and maritime professionals. Four Delphi
rounds were conducted until expert consensus was achieved. As a result, all twenty-eight identified navigation risks
were confirmed and retained for the quantitative analysis. In the quantitative phase, the DEMATEL-based Analytic
Network Process (DANP) was employed to determine the causal relationships among navigation risks and calculate
their relative priorities. The sequential integration of qualitative exploration, expert consensus, and network-based
analysis enhanced the reliability of the research findings. This methodological framework not only identified the critical
navigation risks but also explained how these risks interact within the overall maritime navigation system, providing a
comprehensive basis for integrated maritime risk assessment and safety management.

Results and Discussion

The qualitative phase of the study identified 28 navigation risk factors, which were classified into the four dimensions
of the SHELL framework: Software, Hardware, Environment, and Liveware (Personnel). Following four rounds of
the Fuzzy Delphi process, all identified risks achieved expert consensus and were retained for quantitative analysis,
confirming the validity and comprehensiveness of the proposed risk structure. The DANP results revealed that the
identified risks constitute an interconnected causal network rather than independent operational factors, highlighting
the importance of a systems-based approach to navigation risk management. Among the four dimensions, Liveware
(Personnel) obtained the highest priority weight (0.2707), followed by Software (0.2698), Environment (0.2343),
and Hardware (0.2252). At the indicator level, Illnesses and Physical Injuries, Stress and Psychological Pressure,
Adverse Weather Conditions, Safety Problems, Coastal Damage, and Training-related Problems were identified as
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the highest-priority risks. The causal network analysis further demonstrated that personnel-related risks function
as the principal driving factors within the navigation safety system. Poor physical and psychological conditions,
fatigue, inadequate professional competence, and insufficient training increase the likelihood of operational errors,
non-compliance with navigation procedures, and software-related failures, which subsequently affect hardware
performance and overall navigation safety. These findings indicate that navigation accidents result from the interaction
of human, technical, organizational, and environmental factors rather than isolated failures. Therefore, improving
human performance can simultaneously reduce multiple categories of navigation risks and significantly enhance
maritime safety.

Conclusion

This study developed an integrated navigation risk assessment framework by combining the SHELL framework,
Conventional Content Analysis, the Fuzzy Delphi Method, and the DEMATEL-based Analytic Network Process
(DANP) to identify, validate, prioritize, and analyze navigation risks affecting passenger vessels on the Bandar
Abbas—Qeshm maritime route. Unlike conventional studies that mainly prioritize individual risk factors, the proposed
framework reveals the causal relationships among navigation risks and identifies personnel-related risks as the primary
driving factors influencing navigation safety. These findings suggest that strengthening crew health, professional
competence, continuous training, fatigue management, and organizational safety culture can substantially improve
overall maritime safety. From a practical perspective, the proposed framework provides a useful decision-support tool
for maritime authorities and passenger vessel operators by facilitating evidence-based resource allocation and preventive
safety planning. Regular occupational health monitoring, continuous professional training, preventive maintenance
of navigation systems, and the application of intelligent risk monitoring technologies are recommended to improve
navigation safety. Beyond its practical implications, this research contributes to maritime safety literature by providing
a comprehensive framework for analyzing the interdependencies among navigation risks. Future research may apply
this framework to other maritime routes or integrate real-time operational data and artificial intelligence techniques to
develop dynamic maritime risk management systems.

Keywords: Passenger Vessels, Shell Technique, Navigation Software Risks, Navigation Hardware Risks, Navigation
Risks Of Employed Personnel.
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