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Abstract

The quality of vocational skill and technical trainings provided by public and private

training institutes was at medium level. Major reasons for medium quality of training

were lack of trained teachers, lack of training materials and infrastructural problems.

Accorcling to the opinions of teachers, major needs Jbr intprovement of trainings v'ere

training o.f trainers, ruodern training materials/machines followed by/modern/digital

laboratoryt, industry;-based training and organizing regular training course. Government

might take care to improve the qualiQ of training like assist in organizing training for
trainers on modern technology, modernization of instruments and training materials,

financial grant and provide scholarship to trainees.

Key words: Vocational skill, Technical Training, Human Resource Development,

Training Quality.

1. Introduction

Human resource development is the process of developing knowledge, skill, capability and

positive attitudes of human beings to parlicipate in development. Training is essential for human

resource development. It increases the knowledge, skill. and positive attitude of man. It is a

process of teaching, informing or educating people so that they may become as qualihed as

positive to do their work and become qualified to perfotm in position of greater difficulty and

responsibility. In Bangladesh, there are training institutions both at private and public sectors

which offer trade courses of various types. Imparting skills and methods for producing mechan-

ics, technicians or skilled worker is main objective of courses offered by these institutions. The

subjects of training include crafts, cottage industries, typing and shorl-hand, motor (vehicle)

driving, repairing of electrical and electronic appliances, computer skill, pisciculfure,poultry and

livestock, farming, primary health care and operation of medical equipment and so on. This

article highlights the quality of vocational, skill and technical training and its influence on

human resource development.

2. Objective
2.1 General obiective
Assess the influence of quality of training on human resource development.

2.2 Specific objectives

Specific objectives were to:

(a) Assess the quality of vocational, skill and technical training provided by public and private

training institutes;
(b) ldentify the problerns related to the quality of training;
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(c) Assess the quality of human resource development by training; and

(d) Identif,, the steps should be taken to improve the quality of training and human resources.

3. Methodology

The sludy was conducted on both secondary and primary data. Secondary data were collected

from secondary sources through reviewing books, journals, reports, and from various official and

unotAcial sources related to the sfudy.

Three national level public organizations providing vocational, technical and skill training like
Bangladesh-Korea Technical Training Center, Bangladesh-Getman Technical Training Center

and Dhaka Polytechnic Institutes at Dhaka, one public vocational, technical and skill Training

Institute from each Division of Bangladesh except Dhaka were selected purposely to collect

information and data related to vocational, technical and skill training. Similarly, three national

level private training institutes and non-government organizations (NGOs) like BRAC, Ashania

Mission, and Underprivileged Children's Education Programs (UCEP) at Dhaka,one private

vocational, technical and ski11 training institute from each Division of Bangladesh except Dhaka

were also selected purposively to collect inlbrmation and data. Total number of national level

training institutes was 06 and vocational, technical and training institutes was 14. From each

institute, information was collected regarding different aspects of training courses and about the

institutes. lnformation about institutes were collected from relevant authority of the institute.

Two trainers, two trainees and two trained trainees from each institute were respondents to

provide data and information related to the study. Total number of trainers were 02 trainers x 20

institutes:40 trainers, 02 trainees x 20 institutes=40 trainees and 02 trained trainees x 20

institutes :40 trained trainees.

4. Result and Discussion

4.1 Quality of Training

4.1.1 Opinions of Trainers

Opinions of trainers about quality of training were measured by putting values like 3 for good, 2

for medium and I for minimum. The mean value of the opinions for quality of training was 2.5.

Itindicates that the quality of training was between good and medium level (Table l).

Table 1: Opinions of Trainers about Quality of Training,2019

Traininglnstitute(s) Quality of Training
Good

(3)
Medium

(2\
Minimum

(1)
Mean

Public 9 6 2 2.41

Private 4 3 2.57

Total 13 9 2 24 (2.s)

Source: Survey conducted during 201 8-19 under the study.
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4.2 Opinions of Different Occupation Holders

Different occupational holders opined about the quality of vocational, skill and technical
trainings. Their opinions were measured in the same procedure as mentioned in the opinions of
Trainers. The mean values of the opinions on vocational, skill and technical trainings were 2.1,

2.3 and 2.2 respectively. These findings indicate that all categories of training were at medium
level (Table 2).

Table2: Opinions of Different Occupation Holders about Quality of Vocational, Skill and

Source: Survey conducted during 2018-19 under the study.

Different occupation holders opined about the reasons lor medium and average quality of
training. There were 68 responses. Maximum reason was lack of trained trainers (35%) followed
by inadequate training materials (25%). infrastructure problems (7%), lack of responsibility

{6%) and others (Table 3).

Table 3: Reasons for Medium and Average Qualih of Training, 2019

Reasons Trainins Institute(s)
Public Private Total

Poor Management/Monitorin g 1 I 2 (3)

Low Salary of Teachers 2 1 3 (4.s)

Lack of Proper Utilization of Resources 2 2(3\
Lack of Responsibilities 2 2 4 (6\

Lack of Trained Trainers 13 11 24 r3s)

Emphasis of Private Training Institute on Profit 2 I 3 (4.s)

Irregular Attendance of Trainees in the Classes ) 2G',l
Inadequate Modern Training Materials 8 9 t7 (25\
Lack of Update Machineries 2 2 (3\

Lack of Industrial Linkage 2 2/3\
Lack of Space at Private Training Institutes 1 1 2 (3)

Infrastructure Problems 2 3 s (7)

Total 37(s4) 31(46) 68(r00)

Technical Training, 2019

Training
Institute(s)

Quality of Training
Vocational Trainins Skill Trainine Technical Training

Good
(3)

Med
ium
(2\

Mfui
mum

(1)

Mean Good
(3)

Med
ium
(2\

Mini
mum

(1)

Mean Good
(3)

Med
ium
(2\

Mini
mum

(1)

Mean

Public 6 9 4 t9
Q.1)

8 10 2 20
(2.3)

I 10 ) 20
(2.3)

Private ., 9 1 13
(2.1)

9 6 ., 18
(2.3)

5 4 4 l3
(2.07)

Total 9 l8 5 32Q.1) t7 t6 5 38(2.3) 13 14 6 33(2.2)

Source: Survey conducted during 2018-19 under the study:$: Data within parenthesis indicate percentage.
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4.3. Needs for Improvement of Quality of Training

Trainers and different occupational holders opined about the needs for improvement of trainings.
According to trainers, major needs for improvement of trainings were training of trainers course
(.22.5%), modem training materials/machines (225%) followed by up to date /modem/digital
laboratory (15%),industry-based training (7.5%), organize regular training course (7.5%) and

others (Table 4).

Table 4: Opinions of Trainers about Needs for Improvement of Quality of Training, 2019

Needs Trainins Institute
Public Private Total

Up to Date /Modern/Digital Laboratory J 3 6 (1s)
Close Supervision and Monitorins ) .,

4 (10)

Industrv based Trainins 3 3 (7.s)
Training of Trainers 7 1 9 (22.s)
Modern Training Materials/Machines 9 9 (22.s)
Organize Regularly Trainins Courses 1 2 3 (7.s)
Up to date /Modernization of Syllabus I 1 (2.s)
More Attention of Trainers I 1(2.s)
Provide Adequate Budget I r (2.s)
Incentive for training I | (2.s)
More Emphasis on Practical Trainins I I (2.s)
Modern Trainins I 1(2.5)
Total 25 (63) ls (37) 40 (100)

Source: Suruey conducted during 2018-19 under the study; Data within parenthesis indicate
percentage.

Occupation holders aiso opined that, major needs were training of trainers (20%), provide
enough machines and training materials (20%).It was followed by financial grant (8%), strong
monitoring (8%), infrastructure development (8%) and others (Table 5).

The above findings emphasized the needs to imparl training to trainers and provide training
materials for improvement of training.
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Table 5: Opinions of Different Occupation Holders about Needs for Improvement of
Quality of Training, 2019

Needs Training Institute(s)
Public Private Total

Inclusion of Modern Instruments 2 2( 4\
Financial Grant 4 4 (8)
Trainins in One Shift 1 1 2 (41

Appoint Skilled Trainers 5 ) 7 (14)
Training of Trainers 6 4 r0 (20)
Training of Trainers and acquaint with modern
technolow

1 1 2 (4)

Industry relevant Trainings 1 I (2\
Introduce uDdate Technolosy I I (2\
Ensure the Regular Presence of Trainees in the Classes ) 2 (4)
Provide Enough Machines and Training Materials J 7 10(20)
More Practical I | (2)
Strong Monitoring -t I 4 (8)
Infrastructure Development at Training Institute ) ) 4 (8)
Total 26 (521 24 A8\ s0(100)

Source: Survey conducted during 2018-19 under the study;Data within parenthesis indicate
percentage.

4.4. Government Steps Needed for Improvement of Training

Trainers opined about the steps should be taken by the govemment for improvement of trainings.
There are 64 responses. Out of which, 38 responses from trainers of public training institutes and
28 responses from private training instifutes. The maximum responses were to train the trainers
on modern technology (27%) followed by rnodernization of instruments and training materials
(19%), financial grant (9o/o); scholarship for trainees (8%) and others (Table 6).

These findings again emphasized the need on training of the trainers especially on modem
technology and training materials with emphasis on modernization.
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Table 6: Government Steps Needed for Improvement of Training, 2019

Government Steps Needed Training Instiiute

Public Private Total
Create Interest amonq students I r(2)
Emphasis on Technical Education I 1(2\
Financial Assistance 1 1 3 (s)

Appropriate Trainers , 2 (3\

Modern Laboratory 1 1 2 (3)

C.S up to date I tQ)
Strong Monitoring I I 2(3)
Laboratory ) 2 (3)

Increase the course period 1 I (21

Technical Services 2 2 (3\

Increase the Course Period
.,

2 (3\

Employment after Training 1 | (2)

Hostel for Trainees I I (2)

Up to date / Modernize the Syllabus I 1 2 (3)

Financial Grant ) 4 6 (9)

Train the Trainers on Modern Technology 12 5 t7 (27\
Scholarship of Trainees ) J s (8)

Modernization of Instruments and Training
Materials

8 4 t2 (19)

Preparation of Course Syllabus through Linkage
of with Industries

I r(2)

Total 36 (s6) 28G4\ 64 (100)

Source: Survey conducted during 2018-19 under the study; Data within parenthesis indicate

percentage

4.5. Satisfaction Level of Training

Satisfaction of trainers, trained trainees and trainees about training was measured by putting

values like 3 for much, 2 for medium and I for minimum satisfaction of training. The mean value

for satisfaction of training was 2.67. It means that satisfaction level of training was between

much and medium (2.67) (Table 7).

Table 7: Satisfaction Level on Training,2019

Trainins Institute(s) Satisfaction
Much (3) Medium (2) Minimum (1) Mean

Public 29 18 2.6

Private 30 11 2.7

Total 59 29 2.67

Source: Survey conducted during 2018-19 underthe study.
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Maximum reasons for satisfaction about training as opined by trained trainees was good quality

of training (40%) followed by acquired knowledge (23%), got job (6%) and others.

4.6. Human Resource Development by Public and Private Training Institutes

Role of public and private training institutes for developing human resources in the country was

measured by putting values like 3 for high, 2 for medium and I for minimum. The mean value

for both catagory institutes was 2.4 for human resource development. It indicates that their role

for developing the human resources was above the medium 1eve1(2.4).In case of public institutes,

it was between high and medium level (2.5) and above medium level (2.24) at private training

institutes lTable 8).

Table 8: Human Resources Development at Public and Private Training Institute, 2019

Training Institute(s) Human Resource Development

High
(3)

Medium
(21

Minimum
(1)

Mean

Public 15 15 2.5

Private 10 13
,, 2.24

Total ,{ 28 ) 2.4

Source: Survey conducted during 2018-19 under the sfudy.

5. Conclusion

Bangladesh is a densely populated country where maximum low-income families sent their

children, male and female for vocational, skill and technical training. It is the responsibility of
public and private sectors to provide good quality training to the trainees by which they can earn

money in home and abroail. Moreover, government should take care to strength the training

institutes.
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Impact of Farmers, Training on Technology Adoption, Profitability and

Farm Income in TilaPia Farming

Uttam Debl
Debarshi Bhattacharj ee2

Abstract

Farmers' training plays a pivotal role in the sustainable development of aqLtaculture by

promoting the adoption of improved technologies attd the efficient use of production

inputs. Ii Bangladesh, many institutions provide training to Jish.formers to enhance their

technicol knowleclge and management skills. This study investigates whether strch train-

ing facilitates technology aeloption and improves proJitabilitl' and farm income' Spectfi-

cally, it eramines the eLfects of .farmers' training on the adoption of semi-intensive

(improved) tilapia./arming technology and on the econoruic pet'formance of .fish faruts itt

the Sylhet district o.f Bangladesh. Primar,v data were collectecl.from 99 tilapia farmers

across three upazilas; sylhet Sadar South Surma, and Golapgani, covering the period

./rom Juty 2015 to June 2016. A Logit model was used to assess the influence oJ'formal

education, training, ancl access to instittttional credit on technology adoption. Farm

profitabitiqr^ v,as estimated trsing net returils, while farm income was measured as returns
-to 

ianrl, family, tabor, crntl management. The results indicate that both training and access

to.formal cre,tlit hat,e a statisticalb, signilicant and positit;e influence on the adoption of
improvetl technctlogl,. Ti'ained.farmers achieved 78%' higher yields and 137'% higher

profitabilitt, than their non-trainecl counterparts. The per-hectore profit of trainedJarmers

(Tk. 296i,674,) u,as more than twice that o/-non-trained.farmers (Tk. 125,191). Similarl-v'

the average arutual income of trainedfarnters (Tk. 1SS,06S) exceeded that of non-trainecl

Jarmers Gk. g1,682) by 105%. These results wtderscore the importance of continued

inyestment in well-designecl, neerl-based /'armer training programs to accelerate technologt'

adoption, increase prrtduction, and farruers' income in Bangladesh'

Key Words: Fatmers, Training, Technology, Adoplion, Profltability, Farm, Income, Tilapia'

1. Introduction

Farmers' training is fundamental to the sustainable development of aquaculture. It builds techni-

cal knowledge and practical skills essential for improving productivity, profitability, and

environmental performance (Menezes et a1.,2022). Well-structured training enables t'armers to

acquire critical competencies in pond preparation, water quality management, feed fotmulatron,

urd dir.ur. prevention, directly influencing fish growth and yield (Murshed-e-Jahan, Beveridge,

& Brooks, 2008). Moreover, trained farmers tend to adopt improved technologies, use inputs

1 Associate prolcssor. Dcpanmenr ofAquaculture and Fisheries. Univcrsitl ofArkarsls at Pine tslutI (UAPII).Pine Blul'f, AR 7 1 601. USA

2 Collaborative Insights Analysr (lv{eat & Seafood). Wakefcm Food Cotporation. USA. Email: Debarsh.i.ftqc(ifgrnail.cotr
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more efficiently, employ bio-secure management, and adopt environmentally responsible

practices that reduce production costs while minimizing ecological impacts (Murshed-e-Jahan,

Ahmed, & Belton, 2010).

In recent years, experiential leaming models such as aquaculture field schools have proven

highly effective in improving farm productivity and household income(Widowati et aL,2021).

Moreover, decentralized and partrcipatory extension systems have strengthened fatmers'

problem-solr,ing capacity and resilience to climate and market shocks (Dompreh, Ferdous, &
Hossain, 2024). Evidence from institutional programs, particularly those led by the WorldFish

Center, demonstrates that sustained technical suppofi and capacity building substantially

increase adoption of improved aquaculfure technologies, thereby contributing to enhanced

productivity, higher household income, and food security (WorldFish Center, 2003). The Deparl-

ment of Fisheries (DoF) plays a central role in fatmer training through its Fisheries Training and

Extension Centers. Complementary initiatives are also implemented by the Bangladesh Fisheries

Research lnstifute (BFRI), agricultural universities, non-govemmental organizations (NGOs),

and development pafiners.

In Bangladesh, ttlapia farming has emerged as one of the fastest-growing sectors in aquaculture,

driven by favorable climatic conditions. technological advancements. and rising market demand.

According to the FAO (2022) report. "The State of World Fisheries and Aquaculture 2022,"

Bangladesir ranked 4th in tilapia production globally and 3rd in Asia. The total production of
tilapia has increased from approximately 10,000 metric tons in 2000/01 to 439,618 metric tons

in 2023121(DoF, 2024). Despite extensive training investments, empirical evidence on how

training affects technology adoption, profltability, and income among tilapia fatmers remains

limited. Assessing these linkages is critical for guiding fufure extension strategies and optimiztng

resource allocation in aquaculture development.

This study investigates the impact of farmers' training on technology adoption, profitability, and

farm income in tilapia farming in the Sylhet district of Bangladesh. The specific objectives of the

study are to: (i) identify factors (especially the role of farmers' training) influencing the adoption

of improved tilapia farming technology; (ii) compare input use. yie1d. and profitability between

trained and non-trained farmersl and (iii) estimate differences in annual farm income across

farmer groups. The findings tiorn this study are expected to inform evidence-based policy and

extension strategies that enhance sustainable aquaculture growth and rural livelihoods in Bangla-

desh and other der eloping counlrier.

2. ResearchMethodology

2.1 Theoretical Framework of the Study

Understanding how farmers' training influences technology adoption, profitability, and farm

income requires a multidisciplinary perspective that draws on theories from behavioral science,

economics, and innovation diffusion. Three major frameworks are available, namely, Human

Capital Theory Rogers'Diffusion of Innovations Theory, and the TechnologyAcceptance Model

41



PRO SHIKHYAN: A Journal of Training and Development, Vol. 33. No. 2, July-December 2025

(TAM) These models jointly explain how training affects farmers' knowledge, perceptions, and
decisions regarding the adoption of improved aquaculture technologies

Human Capital Theory: According to the Human Capital Theory education and training consti-
tute investments that enhance individuals' knowledge, skills, and productivity, leading to higher
economic returns (Becker, 1964). In aquaculture, training enhances farmers' technical compe-
tence in areas such as pond preparation, feed management, and water quality control, thereby
increasing production efficiency and profitability. Enhanced human capital also strengthens

farmers' ability to adopt new technologies and manage risks. Studies in agriculture and aquacul-
ture have demonstrated that trained farmers achieve higher yields and better financial perfor-
mance than untrained farmers, primarily due to improved management practices and more
eftrcient resource utiiization (Asfaw & Admassie, 2004; Ragasa et al., 2022).

Diffusion of Innovations Theory: Rogers' (2003) Diffusion of Innovations theory oft-ers a socio-
logical explanation for the spread of new technologies through communication and social
systems. Adoption depends on five key innovation attributes-relative advantage, compatibility,
complexity, trialability, and obseruability. Training enhances these attributes by demonstrating
the advantages ofnew practices, reducing their perceived complexity, and providing observable
results. Through farmer-to-farmer interaction, trained individuals serve as opinion leaders, accel-

erating the difflrsion of information within communities. In aquaculture, field-based training and

parlicipatory learning, such as Aquaculture Field Schools, have been demonstrated to facilitate
collective leaming and enhance technology adoption (Widowati etaL.,2021).

Technology Acceptance Model (TAM): The Technology Acceptance Model (Davis, 1989)

complements diffusion theory by focusing on indir,idual behavioral intentions toward technol-
ogy use. TAM posits that adoption is influenced by two perceptions: perceived usefulness (the

belief that technology improves performance) and perceived ease of use (the belief that it is
simple to operate). Training directly affects both perceptions by providing hands-on experience,
simplifying complex tasks. and demonstrating tangible economic benefits such as higher yields
or reduced costs. As knowledge and confidence grow, farmers' perceived usefulness and ease of
use increase, reinforcing their willingness to adopt and continue using improved technologies.
lntegrative Conceptual Framework: By integrating these theories, this study conceptualizes
farmers'training as a catalyst that builds human capital and shapes behavioral intentions toward
the adoption of technology. Improved knowledge and technical capacity reduce unceftainty.
increase the perceived benefits of innovation, and promote the adoption of improved tilapia-
farming technologies. Adoption, in tum, enhances production efficiency and profitability, which
subsequently raises larm income. The framework also acknowledges mediating and moderating
f-actors, such as access to credit, market conditions, and institutional support. that can strengthen

or weaken these causal pathways.

Figure I shows the conceptual framework of our study. We argue that providing knowledge and

skills through farmers' training and augmenting financial constraints through institutional credit
contribute to the adoption of improved hsh production technology. higher yields, increased
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profits, and higher incomes. Lack of financial capital was identified by producers as a major
constraint to the commercialization of aquaculture in Bangladesh (Murshed-e-Jahan et a1.,

2015). The productivity and input use of credit-constrained aquaculture farmers is significantly
lower than that of unconstrained farmers (Mitra et a1., 2019).

Figure l. Conceptual Framework of the Study.

2.2 Data Sources

We conducted a survey among 99 tilapia farmers fiom three Upazilas (Sylhet Sadar, South

Surma, and Golapganj) in S,vlhet Distnct from July to December 2015. We have analyzed the

farm surv-ey data in this srudy.

2.3 Anal--vtical Framework

2.3.1 Adoption of Semi-intensive Production Technology

We have estimated a binary logit model (as in Equation 1) to examine the influence of training

and access to financial resources (i.e., a loan) on the probability of adopting semi-intensive

(improved) tilapia production technology. Formally, the model is specified as:

Logit (Pi) - 1,, ( t:;T )- /io+ lJt xti +B: x:i+ ...+ Bt xri ... (1)

r.vhere P_i denotes the probability that the farmer i is going to adopt the semi-intensive
(improved) tilapra tarming technology, B_0 is the intercept, Bj are the coefficients, and

Xjirepresent explanatory variables. The explanatory variables comprised four variables: age,
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the farmer's education level, training, and a loan from institutional sources. Thus, our empirical
logit regression model was in the form of Equation 2.

Adopti: po+ BAGEi + B:EDLIi + p:TMIlVi + BILOANi + pij....... (2)

Where,

Adopti: Farmer i has adopted semi-intensive (improved) technology or not (1 : Yes, 0 : No)

AGE is the age of the farm operator (years). The age of the farm operator is expected to have a
positive or negative impact on technology adoption in tilapia farming. The older farmers are

likely to have had more farming experience and, therefore, have a greater interest in adopting
new technologies. However, they are also likely to be more conseryative and, thus, less willing
to adopt new practices, which may result in a lower level of adoption of semi-intensive technolo-
gies lbr tilapia production.

EDU refers to the education level offarm operators and is expected to have a positive impact on
the level of technology adoption. That is, we expect that greater levels of formal education
among fatm operators will be positively associated with the adoption of technology. EDUi :
Farmer i received secondary education or not (1 :Yes, 0 -No)

TRAIN is the variable ol whether the famer received any training lbr fish production. We
expected that training rvould have a positive elTect on technology adoption. In other words, farm-
ers with training in fish production will adopt semi-intensive (improved) tilapia farming
technology.TRAlNi : Farmer i was trained or not (1 -Yes, 0 :No)

LOAN is the variable indicating whether the farmer obtained credit from institutional sources.
We assume that access to financial caprtal (in the form of a loan) has a positive effect on technol-
ogy adoption in tilapia farming. LOANi = Farmer i has obtained institutional loan or not (1 :
Yes, 0 : No)

The probability function for the binary outcome is expressed as:

exp()o+Bt Xi+f: X:i+ +pXn )Pi: ........ (3)
l+exp(Ba+pt Xti +B: X:i+ +pr Xri )

To facilitate interpretation, marginal effects were computed for each explanatory variable,
indicating the change in the probability of adopting serni-intensive tilapia farming technology
resuiting from a unit change in the predictor.

2.3.2 Profitability in Tilapia Farming

To quantify the profitability of tilapia farming, we have identified all expense items and income
sources associated with tilapia production. We have quantified the input use level and associated
costs of inputs used by trained and non-trained fish farmers. We have also gathered data on fish
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production and prices received by the farmers. For a comprehensive understanding, we estimated

the amount of total revenue (also known as gross revenue), total costs, and net returns. Also, we

calculated break-even prices and yields.

Total revenue from tilapia farming refers to the total eamings from selling tilapia. It is obtained

by multiplying the total output (quantity of flsh produced) by the price of the output (fish price).

We have used Equation (4) for calculating the total revenue.

Total Revenue : (Total Output) x (Price) .... (4)

The total cost is the sum of all costs involved in tilapia production. Equation (5) can be used to

calculate the total cost.

Total Costs : (Totai Variable Costs) + (Total Fixed Costs) . .(s)

For a tilapia fam, there are two types of costs: variable costs and fixed costs. Variable costs are

expenses that fluctuate in proporlion to the quantity of fish produced. In our case, these are costs

for fingerlings, cow dung, lime, mustard oilcake, rice bran, Urea, TSP, and labor. On the other

hand, fixed costs are expenses that remain constant regardless of the level of production. It
includes the cost ofthe rental value ofthe ponds used to produce tilapia.

Net retum is the amount that a larm receives after paying for all inputs. Net returns indicate the

profitability of a tilapia farm. It is calculated by deducting the total costs from the total revenue.

For family-orvned inputs, such as family labor and management, we have used imputed values

based on the market price. Equation (6) is used to calculate Net Retums.

Net Retums : (Total Revenue) - (Total Costs) . .(6)

We have also computed two other useful information relevant for farmers: break-even price and

break-even yield. Break-even price (BEP) is the price that a farm must receive to cover all the

costs. It is also known as the per-unit cost of production. Using Equation (7), we calculated the

BEP for both trained and non-trained tilapia fatmers.

BEP = Cost of Production (in Tir/Kg) : (Total Costs in Tk)/ (Total Production in Kg) ... (7)

Break-even yield (BEY) is the yield that a fann must receive to cover all costs when the farm

sells the output at the existing market price. Equation (8) is used to calculate the BEY for trained

and non-trained tilapia farmers.

BEY: (Total Costs in Tk)/ (Price of tiiapia in Tk/Kg) ... (8)

2.3.3 Income from Tilapia Farming

We have calculated farm income by determining returns to land, family labor, and management.

In Bangladesh, there is no established market value for family labor and management in fish

t-arms, nor forthe use of one's own resources (land used in fish farming). Researchers use the

wage rate of hired labor to impute the vaiue of family labor and the time spent managing the fish
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farm. The rental value of the land is used to calculate the cost of land. Family members may be
able to share their available spare time to feed the fish and manage the fish farm, but not be
gainfully employed in any outside jobs. Similarly, it may be possible to use your pond and ditch
for fish production, but they cannot be rented to another person without compiomising other
uses, such as bathing, washing, and household water needs. Therefore, we use a better indicator
to understand income from fish farming. It is referred to as "Retums to land, family labor, and
management," which is calculated using Equation (9).

Retums to land, famtly labour, and management: Total Revenue - Total Costs (excluding the
costs of'family labour, management, and land) . (9)

3. Results and Discussion

3.1 Basic Characteristics of the Sample Farms

Table I shows the basic characteristics of the sample farms. Approximately 59 percent of the
sample farmers adopted semi-intensive (improved) production technology, while 4l percent
used extensive technology. Average pond area per farm for extensive farmers and semi-intensive
fatmers was 58.1 decimals and 60.4 decimals, respectively. Approxirnateiy 59 percent of the
tilapia pond area was cultivated using a semi-intensive method, and 41 percent of the pond area
was cultivated using an extensive method.

Extensive aquaculture is a hghtly stocked system where water throughput is not boosted, and
feed or fefiilizer inputs are not applied (Gomiero et a1., 1997). Fish production depends on
natural food sources within the culture unit (Edwards & Demaine .1gg1).An extensive iystem in
the empirical literature has been linked to feeding or fertilizrng functions. but in limite; quanti-
tres (Hari et a1., 2006; Wahab et a1., 2003;Dasgupta et a1., 200g). Semi-intensive (impioved)
aquaculture systems can be defined as fanls rvhere feeding is carried out at least twice a week
and ferlilization is done once a week (Nilsson & Wetengere, 199,1). The intensity of the system
is correlated with the level of feed or fertilizers introduced into the system, as well as the levels
of seed, labor, capital, and management (Edwards & Demain e, 1997).

There was not much difference in the fonnal educational attainment of the two groups of farm-
ers. Howeveq a higher percentage (19%) of non-trained farmers had secondary education,
compared to trained farmers (11%). The average age of the sample farmers was 48 years.
Although there was little difference in the age of trained and non-trained farmers, the average age
of trained farmerswas slightly higher. Almost all trained farmers (98%) adopted semi-intensive
technology, rvhereas only 260/o of non-trained farmers adopted semi-intensive technologies.
Most (74%) of the non-trained fatmers used extensive technology for tilapia production. ItTore
than half (54%) of the trained farmers received a loan from institutional ,or...r, bfi only 26%
of non-trained farmers took a loan from any institutional source.
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Table 1. Basic Information about Tilapia Farmers.

Inputs Non-trained
Farmers

Trained
Farmers

AI

Number of farmers 53 46 99
Pond area per farm (Decimals) s8.8 60.3 59.5
Age (years) 46.4 49.5 47.8
Education level

Prirnary 43 (81 .1) 41 (89.1) 84 (84.8)
Secondary 10 (18.e) 5 (10.9) 1s (1s.2)

Fanns that received institutional loans t4 (26.4) 2s (.s4.3) 39 (39.4)
Tilapia production technology

Extensive technology 3e (73.6) t (2.2) 40 (40.4)
Semi-intensive technology 14 (26.4) 4s (91.8) s9 (s9.6)

Note: Figures in parentheses indicate the percentage of the total farmers in that category.
Source : Author's calculation.

3.2 Factors Influencing the Adoption of Improved Production Technology

As mentioned earlier, to examine the influence of fonnal education, training, and access to financial
resources (loans) on the probability of adopting semi-intensive (improved) production technology,
a logit regression model was estimated (Equation 1). Table 2 presents the results of a logistic regres-
sion model estimating the factors influencing farmers' adoption of improved fish farming technol-
ogy. The erplanatory variables include participation in farmers'training, access to loans, age, and
education leve1. The dependent variable is binary, indicating whether a famer adopted the improved
technology (1 : adopter" 0: non-adopter).

The model exhibits high explanatory power, with a pseudo R'z of 0.62, indicating that the included
variabies account for 620/o of the variation in adoption behavior. The Chi-square statistic (t:83.02,
p < 0.01) indicates that the overall model is statistically significant.

Among the explanatory variables, training and access to loans have positive and highly significant
eft'ects (p < 0.01) on adoption. The estimated coefficient for training (5.20) implies that trained
farmers are substantially more likely to adopt improved fish farming technology. The corresponding
odds ratio (181.77) indicates that trained farmers are approximately 182 times more likely to adopt
compared to non-trained 1'armers, while holding other factors constant. The marginal effect (0.79)
indicates that training increases the probability of adoption by approximately 79 percentage
points.Similarly, farmers with access to credit have a coefficient of 3.089 (statistically significant at
1% level of significance) and an odds ratio of 21.95, indicating that they are approximately 22times
more likely to adopt improved technology than those without loans. The marginal effect (0.47)
indicates a 47-percentage-point increase in the adoption probability due to loan access.

Age (coefficient:0.01) and education (coefficient = -0.09) have no statistically significant effects
on adoption, indicating that these factors do not meaningfully influence technology uptake in this
sample. The constant term (-2.67) is marginally significant (p : 0.08), reflecting a low baseline
probability ofadoption in the absence oftraining and access to institutional credit.
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Several studies have reported similar findings. Ragasa et al. (2022') reported that parlicipants in

the training cohorl had significantly higher adoption rates of improved tilapia technologres

(fingerling quality and feeding practices) than non-participants in Ghana. The authors concluded

that training enhances technical skills, decision-making confidence, and exposure to new

practices. Das et al. (2014) found that education and training played an important role in the

adoption of improved aquaculture technologies in Tripura, India. Widowati et al. (2021)showed

that the aquaculture field school resulted in the adoption of liquid compost technologies in

shrimp and milkfish ponds of Central Java (Indonesia) farmers. In Kenya, attendance at exten-

sion training significantly increased the likelihood of technology uptake (odds of adoption)

among the analyzed smallholder fish farmers (Obiero et a1., 2019). In Bangladesh, spousal

education, training, extension contacts, and off-farm income sources played an impoftant role in

the adoption of improved carp polyculture management practices (Rahman et aL.,2023).

Table 2. Logit estimation for the impact of farmers'training, access to loans, farmers' age,

and education level on the adoption of improved (semi-intensive) fish farming technologl'.

Variable description Estimated
coefficient

Standard
Error

Odds
ratio

Marginal
Effect

P value

Constant -2.661* 1.543 0.069 0.08

Age 0.011 0.031 1.011 0.002 0.72

Training (Yes:1, No :0) 5.203 * * * t.140 t81 .711 0.789 0.00

Loan (Yes:1, No :0) 3.089*** 0.788 21.950 0.469 0.00

Secondary Education
(Yes:1, No:0)

-0.085 0.984 0.91 8 -0.013 0.93

chi' 83.02

Prob > Chi' 0.00

Pseudo R' 0.62

Note:***p<0.0 1, **p<0.05and*p<O. I 0 ; n - 99.

Source: Authors' estimate.

Our findings do not suppoft lslam et al. (.2024), who reported that the training received by farm-

ers had non-significant relationships with farmers' adoption of modem aquaculture technologies

in fish farming. The study added that adopting modem aquaculture technology was significantly

and favorably correlated with education, fish farm size, annual income from fish farming, experi-

ence with lish farming, and knowledge of fish farming technologies (Islam et a1., 2024). We

want to argue that the critical factor to notice here is the knowledge of fish farming technology,

which can be enhanced through training.

Table 3 presents the predicted probabilities of adopting improved tilapia farming technology

under various combinations of farmers' parlicipation in training and access to institutional loans.

These probabilities are derived from the estimated logit model presented in Table 2. The results

clearly demonstrate the strong, complementary effects of both training and credit access on fatm-

ers' likelihood of adopting improved technology. When farmers receive neither training nor

loans, the predicted probability of adoption is very low (only 7.6%), indicating that few

non-trained and credit-constrained fatmers adopt semi-intensive tilapia farming.
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When farmers receive training but lack access to loans, the probability of adoption increases

sharply to 93.7o/o, indicating that training alone substantially enhances farmers' knowledge,
skills, and confidence in adopting improved practices. Similarly, when farmers do not receive
training but have access to loans, the probability increases to 64.5oh, suggesting that financial
supporl alone also encourages adoption, though to a lesser degree than training.

The highest probability of adoption (99.7%) occurs when farmers receive both training and

institutional loans, underscoring the synergistic impact of combining technical capacity-building
with financial supporl. This finding highlights that integrated interventions (i.e., linking
farmers'training with accessible credit) are most effective for promoting widespread adoption of
improved tilapia farming technologies.

Table 3. Predicted probability of adoption of improved tilapia farming technology with
training and access to institutional loans.

Training Loan Predicted Probability of Adoption

No No 1.6'

Yes No 93.1%

No Yes 64.5%

Yes Yes 99.1%

Sources: Authors' calculation.

3.3 Costs of and Returns to Tilapia Production

Table 4 reports per-hectare input use level and yield in tilapia cultivation by trained and
non-trained fish farmers. Trained farmers used more input than non-trained fish farmers. The
a\rerage per-hectare yield of tilapia among the sample farms was 4,018 kg. The per-hectare
average yield of trained fatmers (5,225 kg) was 77 .5o/o higher than that of non-trained farmers
(2,941kg). lnput use level for all inputs was higher for trained farmers than for non-trained farm-
ers. Trained fatmers used 53,318 fingerlings (i.e., 18.3% more fingerlings) than non-trained
famers (45,056). On average, trained farmers used 3,373 kg of cow dung,286 kg of lime, 881

kg of mustard oilcake, and 903 kg of rice bran per hectare.On the other hand, non-trained farmers
used 1,498 kg of cow dung, 173 kg of lime, 334 kg of mustard oilcake, and 363 kg of rice bran
per hectare. In tetms of chemical ferlilizer use per hectare, trained farmers applied 29.1 kg of
Urea and 12.6 kg of TSP, which was significantly higher than the amount used by non-trained
farmers (16.2 kg of Urea andl .4 kg of TSP). Ahigher ievel of input use resulted in a higher yield
in tilapta for fatmers who received training. In other words, farmers'training benefited the coun-
try by increasing fish production.
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Our results coroborate those of Widowati et al. (2021), who showed that the aquaculture field
school resulted in higher stocking densities, more use of inputs (manure, feed, and fertilizer), and

increased yield ofshrimp and milkfish in Central Java (Indonesia).

Table 4. Per-hectare input use level and yield (kg) in tilapia fish farming among the

Per-hectare costs of and retums from tilapia cultivation by trained and non-trained farmers are

reported in Table 5. The average net return (i.e., profit or income) from tilapia farming among the

sample farms was Tk 205,951 per hectare. The net return from tiiapia production for trained

farmers (Tk296,6741Ha) was 137%higher than the net retums obtained by non-trained fatmers

(Tk 125,19l/Ha).The average gross return received by the trained farmers was Tk 500,2261Ha,

compared toTk253,4l0lHa by thenon-trained farmers. The average Total Costs of tilapia farm-

ing were Tk 203,553/Ha for trained farmers, while they wereTk 128,279lHa for non-trained

farmers. The per-kilogram production cost (also known as the break-even price) for tilapia was

10.6% lower for trained farmers (Tk 38.96) than for non-trained fatmers (Tk 43.57). The

benefit-cost ratio (BCR) in tilapia farming was 2.46 for trainedfarmers and 1.98 for non-trained

farmers. Break-Even yield was 2.126 kglha for trained farmers and 1,2190kg/ha for non-trained

farmers. In other words, at the current market price, to cover production costs only, the minimum
yield per hectare shouid be 2,126 kg for trained fatmers and 1,490 kg for non-trained farmers.

sample farms in Sylhet, Bangladesh.

Inputs Non-trained farmers Trained farmers Alt
Finserlinss (Number) 45,056 53,3 18 48,947

Labor (Person-days) 16s 301 232

Cow duns (Ke) 1,491.71 J;tz.tJ 2,380.74

Lime (Ke) 172.52 286.21 226.06

Mustard Oilcake (Ke) 333.89 88 I .21 591.65

Rice bran (Ks) 363.28 902.64 617.29

TSP (Ke) 7.42 t2.56 9.84

Urea (Ke) t6.22 29.05 22.26

Yield (Ks) 2,944 \ ))\ 4,018

Source: Author's calculation.
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Table 5. Per-hectare costs and returns from Tilapia farming among the sample farms in
Sylhet, Bangladesh.

Source: Authors' calculation.

3.4Income from Tilapia Farming

Figure 2 illustrates the annual farm income of an average tilapia fatm for the 2015/16 period. On

average, the sampie farmers had 59.5 decimals of pond area under tilapia farming. Farmers were

able to produce tilapia twice a year. Our estimates reveal a substantial difference in farm income

between the trained and non-trained farmers. The annual fatm income of trained famers was more

than double that of the non-trained farmers. This incorne advantage reflects the benefits of adopting

enhanced management practices, increased use of inputs, and higher stocking of fingerlings associ-

ated with the semi-intensive system.

Our results coroborate those of Widowati et al. (2021), who showed that the aquaculture field
school resulted in the adoption of liquid compost technologies in the pond, increased shrimp and

milkfish yield, and income of Central Java (Indonesia) farmers. Ragasa et al. (2022) demonstrated

that parlicipants in the training cohorl exhibited signiflcantly higher adoption of improved tilapia

technologies and higher incomes compared to non-parlicipants in Ghana.

Descrintion Non-trained Farmers Trained Farmers Ail
COSTS
Fineerlines (Tk.) 38,978.50 53,154.53 45,654.61

Labor (Tk.') 33,074.52 61,400.71 46,414.68

Cow dune (Tk) 2,996.69 5,678.61 4"259.',73

Lime Gk.) 3,451.85 5,126.56 4,523.12

Mustard oilcake (Tk.) 10,021.09 26,447.47 t1,151 .06

Rice bran (Tk.) 1,268.13 18,060.43 12,3s1.06

TSP (TK) 163.23 216.52 276.58

Urea (Tk.) 292.10 s23.09 400.88

Harvest cost (Tk.) 11,212.27 17,464.65 t7.331.12

Rental value for land (Tk.) 14,820.00 14,820.00 14,820.00

Total Cost (Tk.) 128,218.98 203"552.57 163,728.93

RETURNS
Yield (Ks) 2.944 s )r5 4,018

Price (Tk./Ke) 86.09 95.74 92.00

Gross Return (Tk.) 253,110.18 500,226.49 369,679.51

Net Retum (Tk.) t25,191.20 296,673.92 205,950.65

Retums to Land, Family
Labour and Management
(Tk.)

190,297.99 390,359.27 284,516.45

Break-Even Yield (Ke/Ha) 1,490 2,126 1,780

Break-Even Price (Tk/Kg) 43.57 3 8.96 40.75

Benefit-Cost Ratio (BCR) 1.98 2.46 2.26
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Figure 2. Comparison of Annual Farm Income for an Average Tilapia Farm in 2015116.
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4. Conclusion

Researchers and policymakers are increasingly focused on understanding the impacts of farmer
training programs, recognizing their potential to enhance farm productivity, income, and rural
development. This study highlights the pivotal role of farmer training and institutional credit in
driving the adoption of improved aquaculture technologies in Sylhet, Bangladesh. Speciflcally,
training and access to credit are identihed as the two most influential factors in the adoption of
improved (semi-intensive) tilapia production systems. Training alone increases the likelihood of
adoption by 79 percentage points, while access to credit contributes to 47 percentage points.
When combined, these interyentions can result in an almost universal adoption rate of 99J%,
underscoring the synergistic impact of technical knowledge and financiai support in promoting
aquaculture innovation.

The study further reveals that trained farmers achieve markedly higher productivity and proht-
ability. Their average yield (5,225 kg/ha) exceeds that of non-trained farmers by 77.5%,whlle
their net return (Tk. 296,67 4lha) is 137% higher. Trained farmers also exhibit lower unit produc-
tion costs (Tk. 38.96/kg) and a higher benefit-cost ratio {2.46), reflecting more efficient resource
use and better management. Consequently, their annual farm income is more than double that of
non-trained fatmers, confirming the substantial benefits to their livelihoods from knowledge-
induced aquaculture practices.
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From a policy standpoint, these results underscore the need to prioritize farmer capacity-building

as a cofflerstone of sustainable aquaculture development. Government agencies, extension

sen ices, and non-governmental organizations should collaborate to design and implement

targeted, hands-on training programs focusing on pond management, feed optimization, and

input efficiency. Equally critical is the expansion of affordable institutional credit through

coordinated efforls between financial institutions and aquaculture departments. Integrating

technical training with access to credit will create enabling conditions for smallholder fatmers to

adopt improved technologies, enhance productivity, and sustain profitability. Continued invest-

ment in such integrated supporl mechanisms will accelerate the transition toward a more produc-

tive, inclusive, and resilient aquaculture sector in Bangladesh.
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