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This research study focuses on validating the weightage of factors 
influencing productivity efficiency in Malaysia's small-scale fisheries sector 
through a combination of fuzzy models and statistical analysis. By 
integrating environmental, socio-economic, and technological factors, the 
study sheds light on the critical determinants of productivity in the fisheries 
sector. The results underscore the significance of these factors in shaping 
productivity outcomes and emphasize the need for targeted strategies to 
enhance efficiency and sustainability in small-scale fisheries. Future 
research could explore the application of fuzzy models to different regions 
and fisheries, incorporating additional variables such as climate change 
impacts and international market dynamics. By extending the analysis to 
diverse contexts and variables, policymakers and researchers can develop 
tailored interventions to promote productivity and sustainability in small-
scale fisheries, contributing to the long-term viability of the sector. 

 

INTRODUCTION 

Small-scale fisheries play a vital role in Malaysia's economy, providing employment and food security 
to many communities. Understanding the factors that influence productivity efficiency in this sector 
is crucial for sustainable management and development. To validate the factor weights affecting 
productivity efficiency in Malaysia's small-scale fisheries sector, various aspects highlighted in the 
literature must be considered. Factors influencing technical efficiency in small-scale fishing 
households, such as coastal areas, fisheries development, policy development, and socio-economic 
factors, have been extensively studied  (Sesabo & Tol, 2007). Understanding these factors is essential 
for deriving policy options aimed at sustainable management of the small-scale fishery sector. The 
significant contribution of small-scale fisheries to food security and socio-economic well-being in 
Southeast Asia has been emphasized (L. C. L. Teh & Pauly, 2018). Recognizing the importance of 
small-scale fisheries in ensuring food security is crucial for effective fisheries management. Efforts to 
increase productivity in the fisheries sector, especially in small and medium-scale processing 
industries, are crucial for enhancing overall sector productivity (Wicaksono, 2019). Utilizing SWOT 
analysis to develop sustainable management strategies for small-scale fisheries has been recognized 
as a valuable method to guide sector policies (Bidayani et al., 2022). The COVID-19 pandemic has 
exposed the vulnerability of small-scale fishing communities due to governance failures, emphasizing 
the urgent need for enhanced governance mechanisms (Sowman et al., 2021). Studies investigating 
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the economies of scale and efficiency of small-scale capture fisheries offer insights into the factors 
influencing the business aspects of small-scale fisheries (Adnan et al., 2021). Additionally, the 
significance of adopting new perspectives and approaches in small-scale fisheries management, such 
as recognizing socio-economic rights and enhancing stakeholder participation, has been highlighted 
(Sowman, 2011). Understanding livelihoods and governance in the context of fisheries management 
is essential for promoting sustainable practices (Sulu et al., 2015).  Analyzing the quality of fish in 
small-scale fisheries through value chain analysis can improve product quality and design(Abdelaziz 
et al., 2024). Assessing the efficiency of small-scale and bottom trawler vessels can identify 
opportunities for enhancing efficiency in small-scale fisheries (Pinello et al., 2016). Mapping changes 
in the utilization of marine resources in small-scale fisheries subsectors can help prioritize programs 
to improve economic scales in these areas (Kurniawan & Aini, 2022).  

The findings from these studies can offer a comprehensive understanding of the factors influencing 
productivity efficiency in Malaysia's small-scale fisheries sector. By taking into account technical 
efficiency, socio-economic contributions, governance, business aspects, and quality improvement, 
policymakers and stakeholders can formulate targeted strategies to enhance productivity and 
sustainability in the small-scale fisheries sector. Validation of factors affecting efficiency is crucial 
across different domains. Jonathan Muterera (2024), highlights the significance of confirmatory 
factor analysis in affirming the structural integrity and validity of scales, emphasizing the importance 
of validating factors for accurate measurement. Li et al., (2020) focus on validating dual-role factors 
in monitoring green supplier performance, demonstrating the necessity of factor validation for 
enhancing performance evaluation.  Ebrahimi (2020) emphasizes the importance of efficiency 
measurement in identifying the most efficient unit, highlighting the role of validation in performance 
evaluation. Additionally,  Murray et al., (2014) discuss the validity of ligand efficiency metrics, 
stressing the need to differentiate between various perspectives on the utility and mathematical 
validity of efficiency metrics. These studies collectively underscore the critical role of validation in 
ensuring the accuracy and reliability of factors influencing efficiency in diverse contexts (Narayanan 
et al., 2023). 

LITERATURE REVIEW 

Overview of small-scale fisheries in Malaysia 

Small-scale fisheries play a significant role in Malaysia, especially in traditional fishing practices using 
gears such as hook-and-line, bagnets, traps, lift nets, seine nets, barrier nets, and scoop nets (Teh & 
Pauly 2018). These fisheries are crucial for food security and make substantial socio-economic 
contributions, although they are challenging to monitor due to their scattered and unorganized 
nature (L. S. L. Teh et al., 2011b).In Malaysia and other regions, small-scale fisheries are vital for 
poverty alleviation, food security, and nutrition, serving as a safety net for vulnerable households 
(Nenadović et al., 2016). Despite their importance, small-scale fisheries are often underestimated in 
official statistics, affecting their recognition and support in economic assessments such as the Gross 
Domestic Product (Zeller et al., 2006).  

The literature emphasizes the often overlooked socio-economic contributions of small-scale fisheries 
in Malaysia, highlighting their crucial role in food security, poverty alleviation, and overall economic 
well-being (Malarvizhi et al. 2024). Recognizing and supporting these fisheries is essential for 
sustainable management practices and policy development to ensure their continued prosperity and 
the well-being of the communities they serve. 

Environmental factors 

Environmental conditions such as water quality, weather patterns, and marine biodiversity have a 
significant impact on fishing productivity. Studies have shown that these factors can influence fish 
populations and catch rates in small-scale fisheries. Effective environmental management practices 
depend on identifying and validating critical factors (Wee & Quazi, 2005).It is important to have 
performance measures for each factor to assess and improve environmental management practices. 
The validity and reliability of an environmental factors questionnaire have been demonstrated in 
evaluating attributes of environmental factors (Taleb et al., 2023). Understanding these 
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environmental factors is crucial for companies supporting sustainable development and the United 
Nations SDG-2030 agenda (Bolaji et al., 2024) 

Empirical validation of environmental attitudes is crucial for accurate assessment, as demonstrated 
by  (Izzah et al., 2024). Validated scales play a key role in enhancing environmental health literacy, 
enabling individuals to make informed decisions about their health based on environmental 
information (Lichtveld et al., 2019). The reliability and validity of environmental scales related to 
student persistence in online courses have been established, underscoring the significance of 
accurately assessing environmental facilitators and barriers    (Heilporn, G. and Lakhal, 2010). 

Understanding the impact of environmental factors on small fishery entrepreneurs requires 
examining the relationship between perceived environmental uncertainty and eco-innovation 
through dynamic capabilities (Han et al., 2023). Entrepreneurs' perceptions of environmental 
uncertainty significantly influence their decision-making processes. While Testa et al., (2016) 
identify the influences of entrepreneurs' attitudes and external pressures on environmental 
management by small and micro firms is importance to validating factors to enhance environmental 
proactivity. Recognizing how entrepreneurs' moral reflectiveness affects low-carbon emission 
behavior through environmental factors and outcome expectations is crucial for promoting 
environmental sustainability among SMEs (Cai et al., 2022). Investigating the factors contributing to 
the success of micro and small women entrepreneurs can provide valuable insights into elements 
impacting growth orientation, such as goals, motives, and personal characteristics (Arasti et al., 
2012).  

According to  Yatsu et al (2005) analyze the environmental impacts on fish recruitment and 
productivity can guide sustainable management in small-scale fisheries. Understanding the 
vulnerability of marine fisheries and its spatial effects can inform strategies for economic efficiency, 
ecological pollution, and resilience (Y. Li & Ji, 2022). Synthesizing these findings can help small 
fishery entrepreneurs grasp the environmental factors affecting their operations (Kaur et al., 2023). 
Empirical research validating these factors, along with considerations of eco-innovation, 
entrepreneurs' attitudes, and vulnerability, can aid in developing effective strategies for sustainable 
environmental management in small-scale fisheries. 

Socio-economic factors 

Socio-economic conditions, including education, financial resources, and community support, are 
crucial for the sustainability and efficiency of fisheries. Access to markets and fair pricing 
mechanisms also significantly impact productivity levels. Small-scale fisheries play a vital role in the 
socio-economic landscape of coastal communities, contributing significantly to local economies(L. C. 
L. Teh & Pauly, 2018; L. S. L. Teh et al., 2011). Understanding the socio-economic status of fishers is 
essential for effective fisheries management(L. C. L. Teh, 2020).Discount rates among small-scale 
fishers are important for developing management policies for small-scale reef fisheries (L. S. L. Teh 
et al., 2011).The socio-economic aspects of small-scale fisheries, such as their contribution to food 
security and livelihoods, must be considered for sustainable management (Ahmed et al., 2013)  Teh 
& Pauly, 2018). Evaluating the socio-economic conditions and environmental threats affecting small-
scale fisheries is crucial for sustainable management practices (Imbwae et al., 2023). Community 
development quotas and support for small-scale fisheries are key concepts for achieving sustainable 
socio-economic growth in fisheries (Sulanke & Rybicki, 2021).  

In order to sustain small-scale fisheries and their contribution to coastal livelihoods, it is crucial to 
understand their current socio-economic impact (Teh et al., 2011b)  (Teh et al., 2011). Commercial 
small-scale fisheries serve local or regional markets, while non-commercial or subsistence fisheries 
ensure food security for local communities and marginalized groups (Jog et al., 2022). Promoting 
entrepreneurship in fisheries is key to poverty alleviation(Zamzami & Effendi, 2023). The majority 
of small-scale fishers reside in developing countries, facing limited access to government welfare 
services and living below the poverty line, which hinders efforts to enhance their socio-economic 
status (L. C. L. Teh, 2020). To improve their situation, it is recommended to empower local fishers to 
tap into Exclusive Economic Zones (EEZ) and deep-sea resources by providing access to credit (Fei 
et al., 2024).  
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Technological access 

The availability and use of modern fishing technology can significantly boost the productivity of 
small-scale fisheries. Innovations in fishing gear, navigation systems, and fish preservation 
techniques play a crucial role in this enhancement (Jing et al., 2023). One essential aspect of the 
framework for empowering women in small and medium enterprises (SMEs) is ensuring that women 
entrepreneurs have access to the necessary technological infrastructure, including internet 
connectivity, hardware devices (such as computers and smartphones), and software applications 
relevant to their business needs (Akpuokwe, 2024). The Faculty's Information and Communication 
Technology Access (FICTA) scale was developed to assess faculty members' access to information 
and communication technology. The scale was validated with 322 faculty members teaching in public 
and private sector universities (Soomro et al., 2018). Jones & Parry (2011) employed a qualitative 
research methodology to explore the broader challenges faced by technology entrepreneurs, 
considering the relatively unexplored nature of the research phenomenon. Additionally, Peltier et al 
(2012) conducted a study on technology adoption by small businesses, emphasizing the 
interconnectedness of owner and environmental factors in developing a model for small business 
adoption of technological innovations. 

By integrating qualitative research methodologies, examining the relationships between owner and 
environmental factors, and taking into account the socio-economic dynamics of technology adoption 
in small businesses, a comprehensive methodology can be developed to investigate technological 
access for small fishery entrepreneurs (Francis et al., 2023). While according to Adnan et al (2021) 
found the importance of technology because it will be the main obstacle for local fishermen on a small 
scale and this will prevent economic scale production. It emphasized the need for technological 
assistance and government support to improve small-scale capture fishing businesses and improve 
the welfare of fishermen. 

Previous methodologies 

Many studies have used statistical and econometric models to analyze the impact of various factors. 
However, these models often struggle to handle the uncertainty and variability present in the data. 
Fuzzy logic, known for its ability to manage imprecise information, presents a promising alternative. 
In a study conducted by (Ebeyedengel, 2023), the FAHP methodology was employed to rank 
productivity-affecting factors in a blanket factory, providing valuable insights for industry managers, 
operation managers, practitioners, business owners, academicians, and researchers in identifying 
these factors and proposing solutions. According to Schmacker & McKay (2008), utilization  a single-
stage stochastic frontier regression model to identify factors influencing productive efficiency in 
primary care clinics, offering a methodological approach to estimate these factors within the 
production function. By integrating the FAHP methodology for ranking productivity-affecting factors 
and the single-stage stochastic frontier regression model for estimating these factors, a 
comprehensive methodology can be developed to validate factor weights that influence productivity 
efficiency (Khalil et al., 2022). 

METHODOLOGY 

Data collection 

Data was collected from various small-scale fisheries across Malaysia, covering different 
geographical regions and fishing practices. The dataset includes variables related to environmental 
conditions (e.g., water temperature, salinity), socio-economic factors (e.g., fisher education levels, 
income), technological access (e.g., types of fishing gear, preservation methods), and market 
dynamics (e.g., fish prices, market accessibility). According to Jonathan Muterera (2024) on 
"Efficiency and Capacity of Trawlers in West Coast Peninsular Malaysia" (2024) the measurement of  
the efficiency level of fisheries production in Malaysia. This study provides a methodological 
approach that can be adapted for assessing efficiency in small fishery enterprises. Additionally, (Rice 
et al., 2023) employed a mixed methods approach to investigate gender norms and inequities in 
small-scale fishery value chains, offering insights into how mixed methods can be applied to study 
gender dynamics in fisheries. Furthermore,  (Gushendri et al., 2023) used an integrated and 



Muhamad et al.                                                                                        Validation of Factor Weights Affecting Productivity Efficiency 

 

12028 

interdisciplinary framework to assess welfare and economic aspects in the fisheries sector, providing 
a template for analyzing socio-economic factors in small-scale fisheries. 

By drawing on these references, a mixed methods approach can be developed to collect data on the 
efficiency of fishery production among small entrepreneurs in Malaysia. This approach can 
incorporate quantitative measures such as efficiency metrics and qualitative insights into socio-
economic factors, gender dynamics, and welfare considerations within the small-scale fishery sector. 
These references offer valuable insights and methodological frameworks that can guide the data 
collection process and analysis for the research on measuring the efficiency of fishery production 
among small entrepreneurs in Malaysia. 

Fuzzy model implementation 

Fuzzy models were utilized to address the inherent uncertainty and variability in the data, allowing 
for a more detailed analysis of factors influencing productivity efficiency and the calculation of 
weightages for each factor. The fuzzy logic approach is well-suited for this study due to its ability to 
handle imprecise and ambiguous information. To develop a fuzzy model for ranking and classifying 
fishing areas in fisheries management, key references provide valuable insights into the application 
of fuzzy logic in similar contexts. According to  Sylaios et al.(2010) demonstrate the use of fuzzy 
models and techniques to show how fishery production performance varies across different areas 
over time. Additionally, (Price, 2001)  highlights the importance of expert systems integrating fuzzy 
logic in offering environmental insights for fishery management and biodiversity conservation. This 
underscores the broader applications of fuzzy logic in environmental settings, including fisheries, 
which can guide the creation of fuzzy models for ranking and classifying fishing areas. 

Paterson et al.(2007) introduced a fuzzy-logic tool for multi-criteria decision-making in fisheries, 
emphasizing its role in supporting decision-making within the Ecosystem Approach to Fisheries 
(EAF) framework. This reference provides a structured approach for using fuzzy logic in decision 
support systems for fisheries management, specifically for ranking and classifying fishing areas. By 
integrating the methodologies and applications from these references, a robust fuzzy model can be 
developed for ranking and classifying fishing areas in the fisheries sector. Utilizing fuzzy logic 
techniques such as fuzzy inference systems and fuzzy rule-based models can help incorporate 
multiple criteria and expert knowledge to improve decision-making processes in fisheries 
management (Fauzi et al., 2023). 

Fuzzy logic basics 

Fuzzy logic is a form of many-valued logic that deals with approximate reasoning rather than fixed 
and exact values. It is especially useful in modeling complex systems where information is uncertain 
or imprecise. Fuzzy logic, a multi-valued logic system introduced by Zadeh et al., (1997) along with 
fuzzy sets, provides a framework for handling imprecise and uncertain information. The application 
of fuzzy logic involves using fuzzy sets and operators to model complex systems and make decisions 
based on vague or incomplete data (Tamir et al., 2015). Fuzzy logic allows for representing 
uncertainty through membership functions, where elements can belong to multiple sets to varying 
degrees (Ul Haq et al., 2022) . This flexibility in handling imprecision makes fuzzy logic a powerful 
tool in various fields, including control systems, artificial intelligence, and decision-making processes 
(Hale et al., 2021). Understanding the concept of fuzzy sets and their membership functions is 
fundamental in the context of fuzzy logic basics. Fuzzy sets extend traditional crisp sets by allowing 
elements to have degrees of membership between 0 and 1, reflecting the gradual transition between 
categories (Sun et al., 2007). Fuzzy logic systems utilize these fuzzy sets to process linguistic variables 
and rules, enabling the modeling of human-like reasoning and decision-making processes (Ziaei 
Ghahnavieh et al., 2024). 

Fuzzy logic finds applications in various fields such as control systems, pattern recognition, and 
expert systems (Yusoff et al., 2021). By integrating fuzzy logic into control systems, it is possible to 
create controllers that can handle imprecise inputs and complex nonlinear dynamics effectively 
(Pagliacci, 2017). In pattern recognition, fuzzy logic enables the development of classifiers that can 
accommodate uncertainty and variability in data, resulting in more robust and flexible recognition 
systems (Ghazali et al., 2023; Hale et al., 2021). Moreover, in expert systems, fuzzy logic aids in 
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representing expert knowledge in a structured manner, allowing for reasoning under uncertainty 
and imprecision (Ismail et al., 2021).  

Fuzzy logic offers a mathematical framework for managing uncertainty and imprecision in decision-
making. Through the use of fuzzy sets, membership functions, and fuzzy rules, fuzzy logic systems 
can model intricate relationships, process vague information, and make decisions based on 
qualitative inputs (Fauzi et al., 2023). This makes fuzzy logic a valuable tool in a wide range of 
applications across various domains. 

Model development 

The development of the fuzzy model involved defining membership functions for each variable, 
constructing a rule base to represent the relationships between variables, and applying fuzzy 
inference to derive weightages (Lee et al., 2023). The model was calibrated using historical data and 
validated through cross-validation techniques.  (Li & Ji, 2022) present a model that partitions 
environmental factors influencing primary production, which can be adapted to understand the 
factors affecting productivity efficiency in small-scale fisheries. This model considers the relative 
vertical distribution of primary production and the optimal assimilation efficiency, which are crucial 
aspects to assess in the fisheries sector. (Mkuna & Baiyegunhi, 2019) offer insights into the technical 
efficiency of fishers in Lake Victoria, emphasizing the importance of factors within fishers' control. 

This stochastic frontier analysis can help develop a model to evaluate the technical efficiency and 
productivity of small-scale fishers in Malaysia. Teh et al. (2011a) quantified the socio-economic 
contribution of small-scale fisheries in Sabah, Malaysia, providing a framework for assessing the 
sector's impact. By integrating these references and methodologies, a comprehensive model can be 
developed to validate the factors affecting productivity efficiency in Malaysia's small-scale fisheries 
sector. This model can consider environmental factors, technical efficiency, and socio-economic 
contributions to provide a holistic assessment of the sector's performance and inform policy 
decisions for sustainable management. 

Kucheryavskiy et al (2020) introduced the concept of Procrustes Cross-Validation, which serves as a 
link between cross-validation and independent validation sets. This technique involves an iterative 
process that utilizes a calibration set multiple times through resampling, ensuring robust validation 
of the model using historical data. By incorporating cross-validation techniques into the model 
development process to validate factor weights influencing productivity efficiency in Malaysia's 
small-scale fisheries sector, we can guarantee the accuracy, reliability, and robustness of the model. 
The iterative approach of cross-validation, as emphasized in the references, enables comprehensive 
validation of the model using historical data, thereby improving its relevance and efficacy in the 
fisheries sector. 

Statistical analysis 

The data experienced rigorous statistical analysis to validate the weightages obtained from the fuzzy 
models. Techniques such as regression analysis, factor analysis, and sensitivity analysis were 
employed to ensure the robustness of the results. In the context of factor weights influencing 
productivity efficiency in Malaysia's small-scale fisheries sector, insights from the provided 
references can be utilized to develop a statistical analysis for validating the weightages derived from 
fuzzy models.  In addition, Sunanta (2018) explores generalized point estimators for fuzzy 
multivariate data, emphasizing the need for specialized statistical inference methods for such data. 
This reference underscores the importance of adapting standard statistical inference techniques to 
handle fuzzy data when validating weightages derived from fuzzy models. Furthermore, (Mugo et al., 
2010; Robinson, 2007) addresses challenges in incorporating fuzzy sets in ecological modelling and 
showcases the use of statistical analysis to select fuzzy membership functions and formulate fuzzy 
rules. This reference highlights the role of statistical analysis in refining fuzzy models and validating 
factor weights derived from these models. 

By integrating the methodologies and approaches presented in these references, a statistical analysis 
framework can be developed to validate the weightages derived from fuzzy models in the small-scale 
fisheries sector (Adetayo et al., 2022). Leveraging statistical techniques tailored for fuzzy data, such 
as fuzzy regression analysis and fuzzy linear models, can enhance the accuracy and reliability of the 
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weightages assigned to factors influencing productivity efficiency in Malaysia's small-scale fisheries 
sector. By combining the principles of fuzzy logic with statistical analysis techniques, a robust 
validation process can be established to ensure the effectiveness and applicability of the weightages 
derived from fuzzy models in the context of small-scale fisheries management. 

Regression analysis 

Regression analysis was conducted to determine the relationship between each factor and 
productivity efficiency in Malaysia's small-scale fisheries sector. This helped quantify the impact of 
individual variables. Validating the weightages derived from fuzzy models is essential in this analysis. 
Statistical techniques and cross-validation methods can enhance the robustness and reliability of the 
analysis. 

Saghaie et al (2011) conducted a study on the construction of quantitative structure-activity 
relationship (QSAR) models using genetic algorithm and stepwise selection methods. These methods 
help in grouping descriptors and selecting variables, which are essential for determining the 
relationship between factors and productivity efficiency. Cai et al (2022) investigated the 
compressive strength of steel fiber-reinforced concrete using supervised machine learning 
techniques, emphasizing the importance of coefficient of determination (R2), statistical assessment, 
and k-fold cross-validation in evaluating different approaches. These statistical assessments can 
validate the relationship between factors and productivity efficiency. Furthermore, Coron et al 
(2012) conducted crash testing on hydrological models and proposed a criterion that combines root-
mean-square error and bias to assess model efficiency in validation. This criterion can be adapted to 
evaluate the strength and direction of the relationship between factors and productivity efficiency. 
By incorporating statistical analysis and validation techniques like R2, k-fold cross-validation, and 
assessment criteria, regression analysis can effectively determine the relationship between factors 
and productivity efficiency in Malaysia's small-scale fisheries sector. This approach ensures the 
accuracy and validity of the weightages derived from the fuzzy models, providing valuable insights 
for decision-making and policy formulation in the fisheries sector. 

Factor analysis 

Factor analysis was utilized to identify underlying relationships between variables and reduce the 
dimensionality of the dataset, ensuring that the most significant factors were included in the final 
model. This statistical technique helps in understanding the key drivers of efficiency in Malaysia's 
small-scale fisheries sector by identifying the relationships between factors affecting productivity. 
Conti et al. (2014) introduced Bayesian exploratory factor analysis, which determines the number of 
factors, assigns each measurement to a unique factor, and identifies the corresponding factor 
loadings simultaneously. 

This approach is crucial for identifying the underlying factors that impact productivity efficiency in 
the fisheries sector. Yavari-Nejad & Varathan (2021) conducted a study focusing on significant 
climatic risk factors and machine learning models. They utilized correlation analyses to identify key 
factors, which were then used as input parameters for machine learning models. This correlation 
analysis aids in selecting the most relevant factors for inclusion in the factor analysis model. 
Freyaldenhoven (2022) highlighted the importance of explicitly incorporating local factors into the 
model to avoid restrictive assumptions on the error structure. By integrating local factors, the model 
can capture subtle relationships between variables and improve the understanding of the factors 
influencing productivity efficiency in small-scale fisheries. 

By incorporating statistical methods like Bayesian exploratory factor analysis, correlation analyses, 
and factor models with local factors, we can better understand the relationships between variables. 
This approach can help pinpoint the key factors influencing productivity efficiency in Malaysia's 
small-scale fisheries sector and incorporate them into the final model. 

Sensitivity analysis 

A sensitivity analysis was conducted to evaluate the model's robustness by varying input parameters 
and observing their impact on output weightages (Ahmed et al., 2022). This step ensures that the 
model is not overly sensitive to any single variable, enhancing its reliability and stability. In the 
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context of assessing productivity efficiency in Malaysia's small-scale fisheries sector, sensitivity 
analysis is crucial for understanding how changes in input variables affect the model's outputs. This 
process was essential for assessing the model's robustness and reliability. 

Sensitivity analysis is crucial in studying parameter variations and external noise in mathematical 
models for biological systems. It ensures the stability and reliability of models, which is essential for 
assessing the robustness of models in the fisheries sector. Tian (2004) highlights the importance of 
sensitivity analysis in groundwater risk modeling for pesticides by identifying parameters with the 
most significant impact on model output. Prioritizing inputs based on their importance helps in 
understanding which factors influence the model's outcomes significantly, ensuring robustness. 
Fontaine et al. (1992) introduce methods for evaluating the robustness of statistical procedures, such 
as sensitivity curves and breakdown points, within the nonparametric predictive inference 
framework. Alqifari & Coolen (2019) present techniques for assessing the sensitivity of statistical 
procedures, which can be adapted to evaluate model robustness in the fisheries sector. By integrating 
insights from these references, sensitivity analysis techniques can effectively evaluate the robustness 
of a model developed to analyze factor weights impacting productivity efficiency in Malaysia's small-
scale fisheries sector. This analysis helps in understanding how variations in input factors affect the 
model's outcomes, ensuring its reliability and stability across different scenarios (Wai et al., 2024). 

DISCUSSION 

The findings of this study provide valuable insights for policymakers and stakeholders in the fisheries 
sector. By understanding the relative importance of different factors, targeted interventions can be 
designed to enhance productivity efficiency (Haque et al., 2024). For example, improving access to 
modern fishing technology and providing education on sustainable practices could significantly 
boost productivity. The use of fuzzy models in this context has proven effective, offering a robust 
framework for future research and application. 

POLICY IMPLICATIONS 

Policymakers can use these insights to design targeted interventions aimed at enhancing 
productivity in small-scale fisheries. This could include programs focused on improving quality 
resources, providing financial support, and facilitating access to modern technology production 
(Barman et al., 2023). Policymakers can leverage insights from various research studies to design 
targeted interventions aimed at enhancing productivity in Malaysia's small-scale fisheries sector 
(Rana et al., 2023). By considering the findings and recommendations from these studies, 
policymakers can formulate effective strategies to improve the efficiency and sustainability of small-
scale fisheries (Haque & Joshi, 2011).  

The technology assistance and government support to improve small-scale capture fisheries 
business and enhance fishermen's welfare (Ahmed et al., 2024). Policymakers can consider providing 
technological assistance and support programs to boost productivity and welfare in the fisheries 
sector Adnan et al. (2021). The sustainability strategies outlined in this study, such as conserving fish 
resources, increasing fishermen's income, and improving law enforcement, can guide policymakers 
in formulating comprehensive policies for sustainable small-scale fisheries management Jamaludin 
Malik (2021). The policymakers can benefit from the empirical analysis presented in this study to 
formulate targeted policies aimed at improving the welfare of fishers. Effective, efficient, and targeted 
policies can contribute to enhancing the well-being of fishermen in the small-scale fisheries sector 
Zamzami & Effendi (2023). The mapping of changes in the utilization of marine resources in small-
scale fisheries subsectors provides insights for policymakers to prioritize programs and allocate 
budget resources to improve the economic scale of business actors in these areas Kurniawan & Aini 
(2022). By drawing on the recommendations and findings from these studies, policymakers can 
develop tailored interventions and policies to address the specific challenges faced by small-scale 
fisheries in Malaysia. These interventions can focus on technology support, sustainability strategies, 
welfare improvement, and resource utilization to enhance productivity and ensure the long-term 
viability of the small-scale fisheries sector. 
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FUTURE RESEARCH 

Future research could explore the application of fuzzy models to other regions and fisheries, as well 
as the integration of additional variables such as climate change impacts and international market 
dynamics. This research holds promise for advancing sustainable fisheries management practices. 
By drawing on a diverse range of studies and methodologies, policymakers and researchers can gain 
valuable insights into the complex dynamics of fisheries systems and develop targeted interventions 
to enhance productivity and sustainability (Senathirajah et al., 2023). Extending the application of 
fuzzy models to different regions and fisheries, as suggested by Wulfing et al. (2024), can provide a 
comparative analysis of the effectiveness of fuzzy modelling in diverse contexts. 

By leveraging modeling validation techniques to identify conservation hotspots and bycatch risk 
areas, fishery entrepreneurs can optimize their production efficiency while contributing to 
sustainable fisheries practices and biodiversity conservation (Jubinville et al., 2021). 

By integrating insights from behavioral studies into fuzzy models, researchers can better understand 
the decision-making processes in the fishing industry, leading to more precise policy 
recommendations. Furthermore, incorporating sensitivity and uncertainty analysis, as suggested by 
Lehuta et al. (2010), can strengthen the robustness of fuzzy models by evaluating the effects of 
management measures across different scenarios. Through thorough sensitivity analyses, 
researchers can evaluate how the model responds to various inputs and uncertainties, providing 
policymakers with valuable information for decision-making (Tzer et al., 2024). 

Hence, the future research should focus on applying fuzzy models to various fisheries contexts, 
incorporating variables like climate change and market dynamics, and integrating behavioral insights 
and sensitivity analyses. By adopting a multidisciplinary approach and utilizing innovative 
methodologies, researchers can enhance our understanding of sustainable fisheries management 
practices. This will help in developing effective policies and interventions to ensure the long-term 
viability of fisheries globally. 

CONCLUSION 

Extend the explanation for This study successfully validates the weightage of factors affecting 
productivity efficiency in Malaysia's small-scale fisheries sector using a combination of fuzzy models 
and statistical analysis. The results highlight the critical role of environmental, socio-economic, and 
technological factors in determining productivity (Narayanan et al., 2024). These insights can inform 
targeted strategies for enhancing efficiency and sustainability in the sector. By extending the 
research to explore the application of fuzzy models to other regions and fisheries, as well as 
integrating additional variables such as climate change impacts and international market dynamics, 
policymakers and researchers can gain a more comprehensive understanding of the factors 
influencing productivity efficiency in fisheries. The application of fuzzy models to diverse contexts, 
as suggested by (Sylaïos et al., 2010), can provide valuable insights into the effectiveness of fuzzy 
modeling in different settings, enhancing the generalizability of the findings. Integrating climate 
change impacts and international market dynamics, as proposed by (Cisneros-Mata et al., 2019), can 
offer a holistic view of the challenges faced by fisheries management. By incorporating these 
variables into the analysis, researchers can assess the resilience of fisheries to environmental and 
economic changes, guiding the development of adaptive management strategies. Furthermore, future 
research could explore the behavioral dynamics of fishers, as discussed by (Salas & Gaertner, 2004), 
to understand how human behavior influences fisheries management outcomes. By incorporating 
behavioral insights into the models, researchers can capture the complexities of decision-making 
processes within the fishing industry, leading to more effective policy recommendations.In 
conclusion, by expanding the research scope to include diverse regions, additional variables, and 
behavioral dynamics, policymakers and researchers can develop targeted interventions and policies 
to enhance productivity and sustainability in small-scale fisheries, contributing to the long-term 
viability of the sector. 
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