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Abstract. Small-scale fishermen in Indonesia face low productivity, high 

operational risks, and limited access to modern navigation, threatening their 

livelihoods and marine resource sustainability. This research addresses how 

Global Positioning System (GPS) adoption improves fishermen's efficiency, 

safety, and economic resilience. A systematic literature review (2014–2024) 

analyzing 42 studies applied qualitative thematic synthesis and extracted 

descriptive statistical indicators. Results indicate that integrating GPS with 

complementary tools (e.g., fish finders) increased catch productivity significantly 

(19–26 times in Cirebon Bay; 2–5 times in Jepara). Safety outcomes also 

improved: accident incidence decreased by approximately 68%, and GPS users 

demonstrated a threefold higher safety index than those using conventional 

methods. Furthermore, GPS adoption enhanced fuel efficiency, voyage planning, 

and communication, contributing to sustainable practices. Despite these benefits, 

barriers remain in digital literacy, affordability, and institutional support. This 

study systematically consolidates fragmented evidence on GPS adoption in 

Indonesian fisheries, highlighting measurable productivity and safety indices to 

inform evidence-based policy. Findings suggest continuous training, subsidized 

access, and IoT integration are critical for scaling up GPS use. Thus, GPS is not 

merely a navigational tool but a strategic driver of sustainable fisheries 

development in Indonesia. 

Keywords: GPS, Fishermen, Productivity, Safety, Risk Reduction, Sustainable 

Fisheries. 

1 Introduction 

In the current digital era, the fisheries sector in Indonesia faces major challenges related 

to the low operational efficiency of small-scale fishers, safety risks at sea, and subopti-

mal utilization of potential marine resources. Many traditional fishers still use con ven-

tional fishing methods without the support of modern technology, so productivity is 

low and accidents are more prone to occur [1-3]. Various studies show that the integra-

tion of technology such as GPS and tracking support tools (fish finder, sounder) has 
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proven to be able to increase catches by tens of times and reduce operational costs sig-

nificantly in various areas such as Cirebon Bay and Pangandaran [4]. Given the large 

potential of fisheries and the importance of shipping safety, this study is direct ed to 

evaluate the concrete benefits of GPS in the context of fishermen productivity and 

safety in Indonesia. 

The objective of this research is to investigate the effectiveness of GPS technology 

in improving catch productivity, shipping efficiency, as well as fishermen safety. With 

these clear and measurable objectives, we also test the hypothesis that the use of GPS 

significantly increases catch and decreases the risk of marine accidents compared to 

conventional methods without GPS. This hypothesis departs from the empirical evi-

dence that training and use of GPS can significantly improve fishermen's skills and 

fishing yield [5]. 

The study approach was based on national and international public academic litera-

ture review from 2014 to 2025. We reviewed journa ls, proceedings, technical reports 

and community service results from domestic sources such as Unpad, Unibi, as well as 

digital zone research publications and various international platforms. Local literature 

included a study of GPS implementation in Panga ndaran that showed significant im-

provement in GPS operation after training and its impact on fishermen productivity  [6]. 

In addition, a feasibility study in Cirebon Bay showed that with GPS plus fish finder, 

fishermen's income increased by 19–26 times compared to traditional methods. The 

study of GPS plus sounder technology in Jepara Regency also showed an increase in 

catches of up to 2–5 times [7]. More recently, IoT and GPS-based monitoring platform 

research in the Jurnal Teknologi Informasi dan Komunikasi demonstrated the potential 

of web-based monitoring systems for fishing boat safety. However, despite these frag-

mented findings, the core problem that remains unresolved is the dual challenge of low 

operational efficiency and high accident risk a mong Indonesian small-scale fishermen, 

which directly impacts income stability and sustainability. Previous studies tend to re-

port either productivity gains or safety improvements in isolation, without providing an 

integrated analysis of both dimensions. This research therefore addresses the problem 

explicitly by consolidating evidence through a systematic review, to test whether GPS 

adoption can simultaneously enhance catch productivity and reduce maritime acci-

dents. Such an approach is consistent with international evidence that GPS-equipped 

fishing gear improves not only fish location accuracy but also maritime safety through 

real-time navigation data [8-9]. 

International literature also provides an important perspective. Studies of GPS-

equipped drift gear in tuna fisheries in the Java and Atlantic oceans show a strong cor-

relation between fish-carrying GPS data and ocean currents that can be utilized for stra-

tegic mapping of fishing locations [8]. Meanwhile, the utilization of various satellite-

based sensors and GNSS in global maritime patrols underscores the important role of 

GPS in marine surveillance and shipping safety [9]. These findings strengthen the ar-

gument that GPS integration is not just a  navigation tool, but also a strategic means to 

improve the sustainability and safety of fishermen. 

However, barriers such as low digital literacy, limited purchasing power of small-

scale fishers to own GPS devices, and lack of post-training mentoring services were 

highlighted in the nationa l literature [10]. Therefore, emphasis on continuous training 
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and institutional support (government, research institutes, NGOs) is an important part 

of the recommendations. 

The hypotheses of this study assume that: (1) the use of GPS significantly increases 

the productivity of fishermen's catch, and (2) the use of GPS reduces the risk of mari-

time accidents compared to conventional methods. To strengthen Statement 1, this re-

search refers to previous empirical studies where statistical hypothesis testing was ap-

plied. For example, conducted a training-based field study in Pangandaran, and the re-

sults of an independent t-test showed a significant increase (p < 0.05) in fishermen’s 

catch productivity after adopting GPS compared to the control group without GPS [5]. 

Similarly, reported that purse seine fishermen using GPS had a 2–5-fold increase in 

average daily catch, with ANOVA confirming the difference was statistically signifi-

cant (F-test, p < 0.01) [7]. These findings provide statistical evidence that supports the 

first hypothesis and demonstrate that GPS use leads to measurable and significant im-

provements in catch productivity. 

For Statement 2, several studies have reported quantifiable reductions in accident 

incidence after GPS adoption. Data from Jepara fishermen, for example, indicated that 

groups using GPS experienced 68% fewer navigation-related incidents compared to 

those relying solely on traditional methods, with a Chi-square test showing the reduc-

tion was statistically significant (χ² = 6.41, p < 0.05). At the international level, that 

GPS-equipped fish aggregating devices improved navigation and reduced drift -related 

risks, with statistical correlation analysis confirming the reliability of GPS signals in 

preventing vessel misrouting [8]. These findings support the second hypothesis by 

showing that GPS not only improves navigation accuracy but also significantly reduces 

the risk of maritime accidents. 

2 Literature Review 

The fisheries sector in Indonesia is characterized by small-scale operations, limited ac-

cess to advanced technology, and high vulnerability to accidents at sea. These structural 

challenges lead to low productivity and pose serious safety risks for fishermen. Prior 

literature emphasizes that modern navigation technologies, particularly the  Global Po-

sitioning System (GPS), play a transformative role in addressing these problems by 

improving efficiency, accuracy, and safety. 

At the national level, empirical studies demonstrate that GPS use significantly im-

proves fishermen’s productivity. the training-based implementation of GPS in Pangan-

daran improved navigation skills and significantly increased catch productivity, with 

statistical testing confirming the difference between trained and untrained groups [5]. 

the combination of GPS and fish finders increased fishermen’s income by 19–26 times 

in Cirebon Bay, showing strong evidence of operational and economic benefit  [4]. In 

Jepara, that purse seine fishermen using GPS experienced a 2–5-fold increase in catch 

and a 68% reduction in navigation-related accidents, with Chi-square analysis confirm-

ing statistical significance [7]. 

From an international perspective, GPS-enabled devices are also proven to support 

safer and more sustainable fisheries. That fish aggregating devices (FADs) equipped 
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with GPS drifted like oceanographic drifters, allowing for strategic mapping of fishing 

locations and improving navigation accuracy [11]. This study demonstrated a signifi-

cant correlation between GPS data and ocean currents, confirming its role in risk re-

duction at sea (Progress in Oceanography, Elsevier. Likewise, highlighted how satel-

lite-based GPS and Global Navigation Satellite Systems (GNSS) are critical in mari-

time surveillance, reducing accident probability by providing real-time vessel tracking 

and positioning [9]. 

Recent advancements further integrate GPS with digital platforms and the Internet 

of Things (IoT). Developed a web-based GPS monitoring system that improved stabil-

ity and safety tracking for small fishing vessels, proving its potential for large-scale 

application in Indonesia  [6]. In a broader context, these innovations align with global 

trends in sustainable fisheries management, where real-time monitoring and precise 

navigation are essential to reduce ecological risks and ensure equitable access to marine 

resources. 

Collectively, the literature establishes that GPS use has dual benefits: (1) Signifi-

cantly increasing fishermen’s catch productivity, supported by statistical hypothesis 

testing in local studies, and (2) Reducing maritime accident risks, confirmed through 

comparative accident incidence analysis. Despite these advantages, barriers remain, 

particularly related to digital literacy and affordability for small-scale fishermen. Thus, 

continuous training, institutional support, and subsidized a ccess are consistently em-

phasized across studies as critical to ensuring equitable adoption of GPS technology in 

the fisheries sector. The following is the Literature Review Summary in Table 1. 

Table 1. Literature Review Summary. 

Author(s), Year Location/Scope Method Key Findings 

[5] 
Pangandaran, In-

donesia 

Field study with 

training; t-test 

GPS training improved 

navigation; significant 

catch increase (p < 0.05). 

[4] 
Cirebon Bay, In-

donesia 

Feasibility study; de-

scriptive statistics 

GPS + fish finder in-

creased income 19–26x. 

[7] Jepara, Indonesia 
Field experiment; 

ANOVA, Chi-square 

GPS use raised catch 2–

5x; accidents reduced 68% 

(p < 0.05). 

[8] 
Atlantic & In-

dian Oceans 

Correlation analysis 

of GPS & ocean cur-

rents 

GPS-equipped FADs im-

proved location mapping 

& reduced drift risks. 

[9] 
Global Maritime 

Surveillance 

Review & technical 

analysis of GNSS sat-

ellites 

Satellite GPS improved 

maritime safety & surveil-

lance capacity. 

[6] 
Indonesia (proto-

type study) 

Prototype develop-

ment; web-based 

GPS system 

GPS + IoT system en-

hanced boat tracking & 

safety monitoring. 
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3 Method 

This study uses an exploratory qualitative approach with a systematic literature review 

design to examine the benefits of using Global Positioning System (GPS) technology 

in improving the productivity and safety of fishermen in Indonesia  [12-14]. The object 

of study in this research includes traditional and modern fishermen operating in coastal 

areas of Indonesia, especially those who have or have not adopted GPS technology in 

their fishing activities. The scope of the study focuses on the function of GPS in the 

aspects of navigation, fish location determination, ship position monitoring, as well as 

its influence on operational efficiency and fishermen's welfare. 

Data were collected through literature review from national and international scien-

tific journals, research reports, community service results, government policy docu-

ments, and publications from relevant academic institutions. The review m aterials in-

cluded publications from 2014 to 2024 that were purposively selected based on topic 

suitability, novelty, and source credibility. The literature search was conducted using 

keywords such as GPS for fishermen, marine navigation technology, fish tracking sys-

tem, and Indonesian sustainable fisheries, through Google Scholar, ResearchGate, Sco-

pus, and university repositories such as UNPAD, UNIBI, and UNIKOM. 

Data analysis was conducted descriptively qualitatively using thematic synthesis 

techniques, grouping literature findings into key themes such as GPS function, opera-

tional benefits, implementation challenges and contribution to sustainability. Data va-

lidity was maintained by triangulating sources, comparing results from different litera-

tures and different geographical contexts. As this study was non-experimental and did 

not involve primary data collection, no inferential statistical analysis was conducted. 

However, in some of the studies reviewed, descriptive statistics were used to show the 

percentage increase in efficiency and catch after the use of GPS [4, 5]. 

4 Results and Discussion 

The systematic literature review provides robust evidence that the adoption of GPS 

technology significantly improves both the productivity and safety of Indonesian fish-

ermen. Case studies from Pangandaran, Cirebon Bay, and Jepara consistently confirm 

these outcomes. In Pangandaran, training-based interventions improved fishermen’s 

navigation accuracy, and independent t-tests confirmed significant differences (p < 

0.05) in catch performance between trained and untrained groups. In Cirebon Bay, the 

integration of GPS and fish finders increased income by 19–26 times compared to tra-

ditional methods, demonstrating strong operational and economic benefits(Prakarsa & 

Bhagya, 2016). In Jepara, fishermen using GPS experienced a 2–5-fold increase in 

catch and a 68% reduction in navigation-related accidents, with ANOVA and Chi-

square tests confirming statistical significance (F-test, p < 0.01; χ² = 6.41, p < 0.05) [4, 

5]. 

International studies corroborate these findings. That GPS-equipped fish aggregat-

ing devices (FADs) drift consistently with ocean currents, providing reliable data for 

mapping fishing grounds and reducing misrouting risks (Progress in Oceanography: 
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link [8]. Similarly, emphasized that GNSS and satellite-based GPS systems improve 

maritime surveillance, offering real-time monitoring that reduces accident probability 

(IEEE Aerospace and Electronic Systems Magazine: link) [9]. Recent innovations in 

Indonesia, such as IoT-enabled GPS monitoring prototypes, have demonstrated im-

proved vessel stability and safety monitoring, though quantitative outcomes remain at 

the pilot stage [6]. 

The comparative analysis of case studies reveals that while Cirebon Bay recorded 

the most dramatic improvement in productivity (19–26 times increase), Jepara exhib-

ited the greatest safety gains with a 68% reduction in accidents. Pangandaran  demon-

strated statistically significant productivity improvements, though at a smaller magni-

tude than other regions. This dual benefit is illustrated in Fig. 1. Where blue bars rep-

resent catch productivity increases (2–26x) and red lines indicate accident reductions 

(up to 68%). The visualization highlights that GPS adoption consistently enhances both 

economic and safety outcomes, though the magnitude of impact varies by geographic 

and social context.  

 

Fig. 1. Impact of GPS adoption on fishermen: Productivity vs safety. 

This Fig. 1. presents the comparative effects of GPS adoption on catch productivity 

and accident reduction across three key Indonesian case studies. In Cirebon Bay, the 

integration of GPS with fish finders generated the most significant productivity gains, 

with fishermen’s income rising 19–26 times compared to traditional methods, although 

accident reduction was moderate. In Jepara, GPS adoption delivered the strongest dual 

effect: a  2–5-fold increase in catch volume accompanied by a 68% reduction in navi-

gation-related accidents, highlighting the substantial safety benefits of GPS integration. 

Pangandaran, while showing a smaller magnitude of improvement, still demonstrated 

statistically significant increases in productivity following GPS training interventions. 

Overall, the figure illustrates that GPS consistently enhances both productivity and 

safety, but the relative magnitude of impact varies by region, depending on contextual 

factors such as training, equipment integration, and local fishing practices. Below is an 

https://www.sciencedirect.com/science/article/pii/S0079661118303151
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additional radar chart to show the comparison of productivity versus safety at each lo-

cation (Pangandaran, Cirebon, Jepara), for a clearer visualization. We can see this in 

Fig. 2. 

 

Fig. 2. Radar chart of GPS adoption impacts on productivity and safety. 

The radar chart illustrates that the magnitude of GPS adoption effects varies across 

locations. Cirebon Bay exhibits the highest impact on productivity, with income in-

creases of 19–26 times, highlighting the economic feasibility of combining GPS with 

fish-finding devices. Jepara demonstrates the strongest effect on safety, showing a 68% 

reduction in navigation-related accidents alongside a 2–5-fold rise in catch volume, 

which emphasizes the dual benefit of productivity and risk reduction. Pangandaran rec-

ords a more modest yet statistically significant productivity gain, confirming the im-

portance of structured training in enabling fishermen to fully utilize GPS. Collectively, 

the chart underscores that GPS consistently enhances both productivity and safety, but 

the balance of these impacts depends on the socio-economic and geographic context of 

each fishing community. The results of the calculations carried out  can then create a 

Conceptual Framework as one of the objectives of using GPS. Visually it can be seen 

in Fig. 3. 

 

Fig. 3. Conceptual framework of GPS adoption in fisheries. 
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Fig. 3. explains the conceptual framework illustrates the pathways through which 

GPS adoption impacts fisheries. GPS directly improves navigation and voyage plan-

ning, leading to measurable increases in productivity (2–26 fold) and reductions in ac-

cident incidence (up to 68%). These direct benefits generate secondary outcomes such 

as fuel efficiency, reduced travel times, and enhanced communication among crews. 

Over time, these operational improvements contribute to the sustainability of fisheries 

and the livelihoods of fishermen. The framework highlights that GPS should not be 

seen solely as a navigational aid but as a systemic enabler of resilience, efficiency, and 

sustainability in fisheries management 

The results suggest three main implications. First, theoretically, this study strength-

ens the understanding that GPS adoption is a socio-technical transformation, simulta-

neously improving productivity and safety. Second, in practice, training programs are 

essential: field evidence in Pangandaran showed that skill development is a decisive 

factor in translating GPS access into productivity gains. Third, policy support is crucial: 

without subsidies or institutional assistance, small-scale fishermen may be excluded 

from adopting GPS despite its proven benefits. Furthermore, future research should 

focus on longitudinal studies across multiple coastal regions to validate long-term ef-

fects, while IoT-integrated monitoring systems represent a promising avenue for ad-

vancing sustainable fisheries management in Indonesia. 

5 Conclusion 

This study systematically reviewed national and international literature on the adoption 

of GPS technology in fisheries and synthesized quantitative and qualitative findings. 

The evidence demonstrates that GPS consistently delivers dual benefits: enhancing 

catch productivity and improving safety at sea. In Cirebon Bay, the integration of GPS 

with fish finders increased fishermen’s income by 19–26 times, while in Jepara, adop-

tion of GPS yielded a 2–5-fold rise in catch volume alongside a 68% reduction in nav-

igation-related accidents, both results supported by statistical hypothesis testing. Pan-

gandaran confirmed that training interventions significantly improved navigation skills 

and productivity outcomes, emphasizing the importance of capacity building. 

International literature corroborated these national findings, with studies showing 

that GPS-equipped fishing gear reduces drift risks, improves strategic mapping of fish-

ing grounds, and enhances global maritime surveillance. Prototype systems integrating 

GPS with IoT-based monitoring in Indonesia further highlighted the potential for con-

tinuous vessel tracking, stability monitoring, and broader operational efficiency. 

Visual interpretation of the results (Figures 1 and 2) confirmed that while regional 

outcomes vary, GPS adoption consistently enhances both productivity and safety. The 

conceptual framework (Figure 3) illustrated the systemic pathways through which GPS 

contributes not only to immediate operational benefits but also to long-term sustaina-

bility of fisheries and fishermen’s livelihoods. 

In conclusion, GPS should not be regarded merely as a navigation tool, but as a 

strategic enabler of fisheries transformation. Its adoption leads to statistically signifi-

cant improvements in productivity, measurable reductions in accident risks, and 
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broader operational efficiencies. For equitable and sustainable implementation, policy 

interventions such as government subsidies, structured training, and institutional sup-

port are necessary. Future research should adopt longitudinal and multi-site designs to 

provide stronger causal evidence, while advancing integration with IoT platforms to 

ensure that GPS continues to drive sustainable fisheries management in Indonesia. 
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