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ABSTRACT 

 
Early 2024, fueled by rising demand, growing awareness of healthier animal protein, and technological 
advancements. With the global population expected to reach 9.7 billion by 2050, aquaculture, particularly 
freshwater fish farming, is pivotal in satisfying the increasing need for animal protein. As the third-largest 
aquaculture producer, Indonesia faces significant challenges in optimizing production, requiring advanced 
technology, farmer education, and environmentally sustainable practices. This study conducts a bibliometric 
analysis of the literature on technical efficiency in aquaculture, mapping out research trends, collaborations, 
and existing gaps. The findings highlight the critical role of technical efficiency in enhancing economic 
performance and promoting environmental sustainability. Factors such as farmer demographics, training, 
infrastructure, gender inclusion, and environmental adaptation are identified as key influencers of efficiency. 
The study emphasizes the necessity of a comprehensive understanding of technical efficiency across various 
regions and species, underscoring Indonesia's potential as a focal point for further research in this area. This 
knowledge is essential for improving practices and policies to meet future food security needs effectively. 
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INTRODUCTION  

Aquaculture production has skyrocketed from 35.5 million tons in 2000 to over 120 
million tons by early 2024 (FAO, 2024), driven by high demand, increased awareness of 
healthier animal protein consumption, and technological advancements. The projected 
global population of 9.7 billion by 2050 presents a significant challenge in providing 
sufficient food, especially animal protein, which is crucial for human nutrition (Connor et 
al., 2021; Vignesh et al., 2023; Niu et al., 2024). As the population grows and demand for 
animal-based food products rises, aquaculture, particularly freshwater fish farming, has 
emerged as a key solution (Leaver, 2011). Indonesia, ranking third among the world's 
leading aquaculture producers, has experienced significant economic contributions from 
its freshwater, marine, and brackish water fish farming sectors (Rahim, et.al 2024). 
However, Indonesia still faces challenges and opportunities to improve production 
through advanced aquaculture technology, farmer education, and environmentally 
friendly farming practices. Enhancing production, product quality, and environmental 
sustainability can also strengthen Indonesia's position in International fish market. 

Efforts to improve efficiency in fish farming, both technically and managerially, are 
crucial to enhancing productivity, especially amid declining wild fish catches and 
increasing environmental pressures. Over the past twenty years, there has been 
significant growth in research focused on improving technical efficiency in fish farming, 
indicating its importance and increasing interest (See et al., 2021). Technical efficiency in 
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aquaculture is vital as it involves the optimal use of resources, leading to cost reduction 
and increased profitability. Efficient use of inputs such as feed, labor, and capital can 
maximize production benefits while minimizing waste. Focusing on technical efficiency 
not only boosts economic performance but also supports environmental sustainability by 
reducing ecological footprints and preserving aquatic ecosystems. Technical efficiency 
analysis also helps producers identify areas for improvement, facilitating the adoption of 
better farming practices and appropriate technologies. For policymakers, a thorough 
understanding of technical efficiency is crucial for developing policies and regulations 
that promote sustainable practices in the aquaculture industry. Additionally, technical 
efficiency helps identify best practices and unique challenges in different regions with 
varying characteristics (Samat et al., 2024). 

In assessing technical efficiency in aquaculture, two commonly used methods are 
Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA). SFA is a 
parametric approach that separates inefficiency from random noise using statistical 
techniques. However, it has limitations, such as the assumption of a specific functional 
form that may not accurately represent the production process and reliance on certain 
distributions for error and inefficiency. SFA is also less effective in scenarios involving 
multiple outputs. On the other hand, DEA is a non-parametric method that uses linear 
programming to evaluate the relative efficiency of decision-making units by comparing 
them with the best performers in the sample. However, DEA is sensitive to extreme values 
or outliers and does not differentiate between inefficiency and random noise, which can 
lead to misleading interpretations. These limitations suggest that using both SFA and DEA 
together or exploring alternative approaches can provide a more comprehensive 
assessment of efficiency in aquaculture (Iliyasu, 2014). There has been a significant shift 
from the use of stochastic translog production functions to data envelopment analysis 
over time, reflecting various research objectives. The study also highlights that factors 
such as education, experience, and age of fish farmers are often analyzed to explain 
variations in technical efficiency. While acknowledging that research in this field is not 
yet fully mature, it is essential to address methodological gaps. These findings provide 
valuable insights for future research and practical applications in fish farming efficiency 
and productivity (See et al., 2021). 

The main goal of this study is to review the existing research on technical efficiency 
in aquaculture through a bibliometric analysis. This method helps identify gaps in the 
current literature—areas that have not been thoroughly explored by previous 
researchers. By identifying these gaps, the study aims to guide future research efforts, 
highlighting important trends, collaborations, and topics that require further attention in 
aquaculture efficiency. 
 
METHODS  

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) framework has been used by many researchers for literature reviews, as well 
as for bibliometric analysis (See et al., 2021). This framework ensures a systematic, 
transparent, and unbiased approach to identifying, filtering, and selecting studies from 
available literature sources. PRISMA provides a structured method for systematically 
searching and identifying publications, ensuring a comprehensive and thorough selection 
process. the PRISMA method ensures comprehensive inclusion of publications in 
bibliometric analysis through systematic identification, selection, and analysis 
techniques, as well as the use of specific databases and visualization tools (Hyk et.al., 
2022; Gronthy et al., 2023).  
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PRISMA uses four phases: identification, selection, exclusion, and justification for 
exclusions. These phases outline the flow of information through a bibliometric review, 
as described in the PRISMA framework (Image 1). Due to limited academic access to 
Scopus, the identification process in this study was conducted solely using Scopus as the 
search tool. Scopus is a research database that provides access to scientific and academic 
journals, articles, books, and conference papers. The search in the Scopus database used 
keywords such as "Technical Efficiency" OR "Economic Efficiency" AND "Fish Farming" 
OR "Aquaculture" OR "Fish Culture" OR "Freshwater Aquaculture." The initial search 
parameters included documents in the final stage and in English, resulting in 233 
documents found, with a research period limited to "2000–2024." The inclusion criteria 
were articles containing keywords that were included in the abstract description. The 
exclusion criteria were all documents in the form of articles, excluding document types 
such as reviews, conference papers, book chapters, errata, and short surveys. The source 
type was limited to journals, excluding book categories. All articles were fully open 
access. 

 

 

 

 

 

 

 

 

 Image 1  Procedure for Obtaining Literature Using PRISMA   

Bibliometrics is a quantitative method used to analyze and measure the quantity 
and quality of written publications, such as books and journal articles, through 
mathematical and statistical techniques (Karla et al., 2022). The articles obtained are 
analyzed using data mining tools; in this study, Biblioshiny, a statistical programming tool 
in R, is used for quantitative evaluation. Biblioshiny is employed to analyze, evaluate, and 
develop graphical visualizations from the obtained database. Another tool used is 
VOSviewer, a freely available software designed to construct, visualize, and explore 
bibliometric maps of science, developed by Nees Jan van Eck and Ludo Waltman (Nees et 
al, 2009; Kalya et al., 2024). This program uniquely combines VOS mapping techniques 
with advanced visualization features, making it highly user-friendly for the bibliometric 
research community. 

RESULTS AND DISCUSSION  
 
Publication trends  

The results of data mining with bibliometric analysis began with examining the data 
on technical efficiency and economic efficiency in general, including publication trends, 
author productivity, networks, institutions, country of origin, and number of citations. 
The data were visualized and analyzed. An overview of the data from 75 articles analyzed 
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from 2000 to 2024 comes from 44 Scopus-indexed journal sources. Based on the chosen 
themes and keywords, the average number of articles grew by 7.75% per year, with an 
average of 12.92 citations per document. The total number of authors is 290, with an 
average of 4.31 co-authors per document. 

 

 

 

 

 

 

Image 2.  Number of publications on technical efficiency in fish farming 
activities from 2020 to 2024. 

Over the ten years from 2000 to 2009, only one publication found that the DEA 
analysis indicated the technical efficiency of fish farming in Rajasthan, India, could still be 
improved (0.95). However, the impact of fish farming was noted to have significantly 
transformed the lives of the local population. The period from 2010 to 2014 saw a 
growing interest in both technical and economic efficiency, with research expanding to 
different regions and species. This period also highlighted variations in efficiency due to 
regional differences, farming practices, and species-specific issues,).  

During 2015 and 2019, there was an increased focus on environmental 
sustainability and total factor productivity (TFP), along with the impacts of socio-
economic and environmental factors on efficiency. Researchers began utilizing advanced 
methodologies like stochastic frontier analysis (SFA) and data envelopment analysis 
(DEA), as evidenced by Iliyasu et al. (2016). In the recent period of 2020 to 2024, studies 
have increasingly emphasized the integration of technical efficiency with ecological and 
economic considerations. There is a noticeable trend towards exploring the impacts of 
environmental regulations, technological advancements, and socio-economic factors on 
the sustainability and productivity of aquaculture. New themes such as green 
development, gender roles in decision-making, and the use of probiotics in fish farming 
have also emerged, reflecting a broadening scope in aquaculture research and an 
increasing complexity in addressing efficiency and sustainability challenges. 

 
Most Produtive Country 

Asian countries tend to dominate research on aquaculture efficiency and 
productivity (Image 3-A), likely due to several factors. Firstly, Asia is a region with very 
high aquaculture production, including countries like China, India dan Indonesia. China 
is the most productive country in publishing correspondence on technical efficiency in 
fish farming, with 12 articles (16%), significantly surpassing Egypt, which ranks second 
with 6 articles (8%)(Image 3-B). There is a tendency to rely on the aquaculture sector as 
an important source of animal protein for food security, which drives increased research 
to enhance production and efficiency in fish farming. Additionally, the rich biodiversity 
and natural resources in Asia enable research on various fish species and farming 
techniques. These countries also view aquaculture as a crucial sector for economic 



 

34 
 

development, focusing on improving technical and economic efficiency to maximize 
business profitability. 

 
          
 

 

 

 

 

 

Image 3.  The countries with the most corresponding authors in studies and 
scientific Production on technical efficiency in fish farming 
activities from 2020 to 2024. 

Most Productive Author and Their Collaborations 
The table provides bibliometric data on a group of authors, including h-index, g-

index, m-index, total citations (TC), number of publications (NP), and the year they 
started publishing (PY_start). The h-index measures the productivity and citation impact 
of an author's publications, with Iliyasu A and Mohamed Za having the highest total 
citations at 126 and both an h-index and g-index of 4, indicating significant impact and 
productivity. Meanwhile, Hossain, M.E and Nielsen R have an m-index of 1, suggesting a 
consistent impact since they began publishing. The starting publication years range from 
2010 for Islam, S to 2021 for Ankamah-Yeboah I, demonstrating diversity in the active 
research periods among these authors. This data provides insights into the influence and 
productivity of researchers in their respective fields, as well as their academic 
contributions over time (Tabel 1). 

Table 1.  Top 10 Most Productive Authors in Technical Efficiency Research 
of Fish Farming activities from 2020 to 2024 

No Author h_index g_index m_index TC NP PY_start 

1 ILIYASU A 4 4 0,364 126 4 2014 

2 KHAN MA 4 4 0,8 82 4 2020 

3 MOHAMED ZA 4 4 0,364 126 4 2014 

4 NIELSEN R 4 4 0,8 106 4 2020 

5 ISMAIL MM 3 3 0,2 62 3 2010 

6 YUAN Y 3 3 0,6 57 3 2020 

7 ANKAMAH-YEBOAH I 2 2 0,5 37 2 2021 

8 DEY MM 2 2 0,286 30 2 2018 

9 ELOKABY MA 2 2 0,4 14 2 2020 

10 LI Z 2 2 0,182 27 2 2014 

 
Image 4 is a visualization of the collaboration network among authors in research 

on technical efficiency in fish farming. Each node represents an author, with the size and 
color of the nodes indicating the frequency of collaboration and possibly their influence 
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or productivity. The connections between authors are depicted by lines connecting the 
nodes, reflecting collaborations in publications. Some authors, such as Khan MA, Nielsen 
R, and Iliyasu A, have larger nodes, indicating a higher number of collaborations or 
publications within this network. There are also distinct clusters that show groups of 
authors who frequently work together. For instance, Iliyasu, A and Nielsen R are in the 
same cluster along with several other authors, suggesting strong collaboration among 
them. In contrast, authors like Helal, A. M and Yin X appear more isolated from the main 
groups, indicating fewer collaborations or a more specific research focus. Overall, this 
figure illustrates the structure of the collaboration network among authors in research 
on technical efficiency in fish farming. 

 

 

 

 

 

 

 

Image 4.  Collaboration Network Among Authors in Technical Efficiency 
Research of Fish Farming activities from 2020 to 2024. 

Most Relevant Affiliations 
From Image 5, where the horizontal axis shows the number of articles published by 

each institution and the vertical axis lists the names of the institutions, it can be seen that 
"Wageningen University & Research" and the "Chinese Academy of Agricultural Sciences" 
are at the top with 8 articles each, indicating a significant contribution to this research 
area. "Bangladesh Agricultural University" and "WorldFish" follow with 5 articles each, 
along with several other institutions with slightly smaller contributions. These 
institutions play a dominant role in research on technical efficiency in fish farming, which 
can be interpreted as centers of excellence or primary research focuses in this field. This 
review highlights the importance of institutional roles in developing research and 
providing a foundation for other researchers in the field of aquaculture. 

 

 

 

 

 

 

Image 5.  Most Relevant Institutions in Technical Efficiency Research in Fish 
Farming activities from 2020 to 2024. 
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Most Relevant Source 
The mapping of several academic journals shows their relevance and publication 

count, potentially measured by citations or other indices. The X-axis indicates the number 
of publications from each journal, while the circle sizes represent the journal's impact or 
significance. The Journal Of The World Aquaculture Society stands out with 8 
publications, Aquaculture Economics & Management with 7, and both Aquaculture 
Research and Aquaculture Reports with 6 and 5 publications, respectively. Other notable 
journals, like Fisheries, International Journal Of Fisheries And Aquatic Studies, and PLOS 
ONE, have fewer publications but are still key contributors to aquaculture research. 
These journals are regarded as highly influential and important, demonstrating 
substantial contributions in publications and their impact on research concerning 
technical efficiency in fish farming. 

 

 

 

 

 

 

 

 

 

Image 6.  The Most Influential Journal in Technical Efficiency of Fish Farming 
Activities from 2020 to 2024. 

Trend Analysis 
Word Cloud of Keywords  

 

 

 

 

 

 

Image 7.  Key Themes and Areas of Focus in Aquaculture Research from 2020 
to 2024. 
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The size of the words in the image reflects their frequency or relevance in the 
literature, with larger words indicating more frequent appearances. Words like 
"Technical Efficiency" and "Aquaculture" are the most prominent, highlighting a primary 
focus on technical efficiency and the overall field of aquaculture. Additionally, "Data 
Envelopment Analysis" is a key term, representing a frequently used analytical method 
in assessing efficiency in this sector. Other key terms, such as "Productivity," "Economic 
Efficiency," and "Stochasticity," show a focus on productivity, economic efficiency, and 
uncertainty within the context of aquaculture. Countries like "China" and "Vietnam" also 
appear, indicating frequent research focus on their contributions to aquaculture 
production. Moreover, environmental aspects such as "Environmental Protection," 
"Environmental Impact," and "Climate Change" emphasize concerns about 
environmental impact and protection in aquaculture practices. The image also includes 
words related to research methodology, such as "Controlled Study" and "Animal 
Experiment," as well as outcomes like "Growth Rate," providing a comprehensive 
overview of the main topics in aquaculture research.  

A conceptual network map created using VOSviewer software, depicting the 
relationships between various concepts and keywords in research related to aquaculture 
and technical efficiency. Each node represents a frequently occurring keyword or topic in 
the publications, with lines connecting the nodes indicating relationships or associations 
between them. The size of the nodes reflects the frequency or importance of the concepts 
in the research dataset, while the color of the clusters indicates similar themes or 
thematic categories. For example, aquaculture, as the largest node in red, signifies that 
this topic is central to much of the research, closely linked with concepts like feed 
conversion ratio, controlled study, and economic efficiency. Meanwhile, technical 
efficiency in green is associated with topics such as stochasticity, fishery management, 
and efficiency. 

Additionally, this illustration highlights specific geographical and thematic focuses 
in the existing literature. For instance, the blue cluster includes aquaculture production 
and Bangladesh, emphasizing the research focus on aquaculture production in the 
country. China also emerges as a significant keyword associated with the aquaculture 
industry, indicating that research in this country is also a major focus. This network helps 
visualize how different topics in aquaculture and technical efficiency research are 
interrelated, providing a broader understanding of how this field is evolving. It also 
shows how research in various countries is interconnected and contributes to the global 
discourse on this topic. 
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Image 8.  A conceptual network map in Aquaculture Research from 2020 to 
2024. 

Determinant of Technical efficiency aquaculture 

In this literature review, various factors influencing technical efficiency have been 
identified, including the social-demographic characteristics of fish farmers, such as age, 
experience, and education. The review findings indicate that age can significantly impact 
technical efficiency, with older or younger ages potentially having positive or negative 
effects depending on the specific context of the aquaculture practice (Iliyasu et al., 2016; 
Nguyen et al., 2018). Experience in fish farming also contributes to enhancing technical 
efficiency, as more experienced farmers typically possess better skills in resource 
management and production optimization (Iliyasu et al., 2016). The educational level of 
fish farmers is also crucial, with findings suggesting that higher education levels tend to 
increase technical efficiency due to better knowledge of aquaculture practices (Nguyen 
et al., 2018; Aung et al., 2021). 

Another important factor is involvement in technical guidance and training 
programs. The intensity of contact with aquaculture extension agents and active 
participation in training has been proven to significantly enhance technical efficiency, 
providing farmers with access to the latest knowledge and techniques in aquaculture 
(Iliyasu et al., 2016; Aung et al., 2021). Additionally, infrastructural and production 
factors, such as pond size, fingerling size, and feed usage, also affect technical efficiency. 
Research indicates that larger ponds and the use of appropriately sized fingerlings can 
improve production efficiency (Yin et al., 2014). Moreover, the involvement of women in 
decision-making within the aquaculture sector positively influences technical efficiency, 
highlighting the importance of gender inclusion in agricultural management (Aung et al., 
2021). Lastly, experience in dealing with climate change impacts, such as flooding or 
salinity intrusion, can help farmers adapt to dynamic environmental conditions, thereby 
affecting technical efficiency (Nguyen et al., 2018). These factors demonstrate that 
technical efficiency in fish farming results from a complex combination of social-
demographic factors, training, production infrastructure, gender, and environmental 
factors. 

Unexplored potential determinants that may influence technical efficiency in 
aquaculture include factors identified in the study by Long et al. (2020), which noted that 
access to formal credit and larger farm sizes can enhance technical efficiency. Besson et 
al. (2014) highlighted the importance of genetic selection technology in improving 
production efficiency. Aswathy and Joseph (2019) pointed out that stocking density and 
the amount of feed used have a significant impact on both economic and technical 
efficiency. 

Other potential determinants that may influence technical efficiency in aquaculture, 
yet remain underexplored, have been Tidentified in various abstracts. One such 
determinant is the impact of regulatory environments. The study by Van Senten et al. 
(2018) indicated that stringent regulations could affect technical efficiency and the 
economic competitiveness of baitfish and sportfish producers in the United States. 
Factors such as the frequency of annual permit renewals and the amount of labor 
required for regulatory compliance were found to be significant in explaining variations 
in efficiency levels. Research by Khan et al. (2021) emphasized the importance of access 
to extension services and capital in enhancing the technical efficiency of farmers in 
Bangladesh. They found that farmers with better access to extension services tended to 
be more efficient. Factors such as farm size, type of feed used, and feeding intensity were 
also noted as significant variables affecting productivity. 
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Based on the review findings, significant gaps have been identified in the use of SFA 
and DEA methods for efficiency measurement, as they often lack a standardized 
approach. Consequently, research may yield inconsistent findings. Therefore, 
comparative studies are needed to evaluate the effectiveness of these methodologies and 
develop a more uniform framework for assessing efficiency in fish farming activities (See 
et al., 2021). Additionally, many studies focus on specific regions and species, particularly 
in Asian countries, leaving other aquaculture regions underrepresented. More 
comprehensive research, encompassing a wider variety of species and regions, is 
required to provide a more thorough understanding of technical efficiency (Wang et al., 
2021). Research opportunities related to technical efficiency in Indonesia remain vast, 
particularly in the fish farming sector. The limited number of studies exploring technical 
efficiency in the local context indicates a need for further research in this area. With 
unique geographical and environmental conditions, as well as the diversity of fish species 
being cultivated, Indonesia offers numerous aspects to be studied to understand the 
factors influencing technical efficiency. 

 
CONCLUSIONS  

This study highlights significant gaps in the application of efficiency measurement 
techniques, such as Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis 
(DEA), in aquaculture practices. These gaps are critical in the context of increasing 
demand for animal protein and the need for sustainable food production. The findings 
emphasize the necessity for comparative studies to develop a more standardized 
framework for assessing efficiency, which would provide more consistent and reliable 
results. 

Moreover, the review reveals that existing research predominantly focuses on 
specific regions and species, particularly in Asian countries, leaving other regions 
underrepresented. This underscores the need for more comprehensive studies that 
encompass a wider variety of species and geographic areas to achieve a more complete 
understanding of the industry's efficiency. 

The study also identifies several potential determinants of technical efficiency that 
have not been thoroughly explored, such as the impact of regulatory environments, 
access to formal credit, and genetic selection technology. These unexplored factors 
present opportunities for future research to deepen our understanding of the 
complexities of aquaculture efficiency. Specifically in Indonesia, there is significant 
potential for further research on technical efficiency due to its unique geographical and 
environmental conditions and the diversity of cultivated fish species. Addressing these 
research gaps can contribute to the development of more effective and sustainable 
aquaculture practices, ultimately supporting global food security and environmental 
conservation. 
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