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Abstract
Small-scale aquaculture is a major source of food in Myanmar. Beyond its importance for food security and nutrition, small-
scale aquaculture contributes to the livelihoods of many rural households and is a potentially valuable strategy for rural 
development. However, small-scale aquaculture producers have limited access to improved production technologies and 
information, which hampers the productivity and socioeconomic performance of small-scale aquaculture systems. In this 
study we assessed the impact of the adoption of better management practices and exposure to nutrition-sensitive training 
by 379 small-scale aquaculture producers in the Sagaing and Shan regions of Myanmar. We focused on whether and how 
the exposure to these interventions affected household food security through improvements in productivity and livelihoods. 
We used Propensity Score Matching to compare the performance of groups that were exposed to the intervention for one 
or two years, for seven impact variables. Exposure to the intervention had a positive effect for most impact variables, with 
differentiated effects among variables, group comparisons and regions. In terms of food security, beneficiaries had signifi-
cantly higher dietary diversity (measured as the Food Consumption Score, FCS), but there were no significant differences for 
fish self-consumption (measured in kg/week). Longer exposure to the interventions produced significantly higher positive 
effects across most impact variables for the 2-year beneficiaries compared to 1-year beneficiaries and control groups. Our 
study suggests that the length of exposure to such interventions can be important in mediating the actual impact of small-
scale aquaculture systems on household food security and livelihoods. Sustained help to small-scale producers should be 
considered in initiatives and development projects seeking to enhance the food security and rural development of small-scale 
aquaculture systems in Myanmar, and beyond.

Keywords Extension · Development intervention · Better Management Practices (BMPs) · Rural development · Propensity 
Score Matching (PSM) · Sustainability

1 Introduction

In many parts of the world, and especially in developing 
countries, fish production does not meet demand, and hence 
production expansion might be needed (Merino et al., 2012; 

Naylor et al., 2021). Such expansion should be pursued 
simultaneously with improvements and rationalization in 
distribution channels to ensure adequate fish production 
while avoiding unsustainable expansion and over-production 
(Naylor et al., 2021).

With an annual growth rate of ≈9% globally, aquaculture is 
one of the fastest expanding agrifood sectors (Garlock et al., 
2022; Toufique & Belton, 2014). It contributes strongly to 
efforts aimed at enhancing food security (Azra et al., 2021; 
Irwin et al., 2021). Aquaculture currently accounts for approx-
imately 46% of total global fish production (179 Mt) and 52% 
of total fish consumption (FAO, 2020a). Aquaculture output 
has increased sharply to meet the growing demand for ani-
mal-sourced protein following global population increases 
and improvement of living standards, from 14.9 Mt (between 
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1986 and 1995) to 82.1 Mt (in 2018) (FAO, 2020a). The con-
tinuous development of aquaculture systems could be a via-
ble option to enhance food security and improve livelihoods, 
especially for small-scale producers in developing countries 
(FAO, 2020b).

Small-scale aquaculture1 accounts for ≈50% of the cur-
rent global aquaculture output (FAO, 2020b). Due to its 
importance for the livelihoods of small-scale producers, 
it is increasingly seen as a promising way to reduce pov-
erty and improve livelihoods (Bernzen et al., 2022), food 
security (Irwin et al., 2021), human nutrition (Ahmed & 
Waibel, 2019), and gender equality (Dam Lam et al., 2022), 
especially in developing countries (FAO, 2020b; Filipski & 
Belton, 2018). Enhancing the sustainability of small-scale 
aquaculture has received particular attention as a strategy 
to meet several intertwined national and local development 
aspirations (FAO, 2020b; Pradeepkiran, 2019), especially in 
Asia, where much of global small-scale aquaculture produc-
tion is concentrated (Belton et al., 2017; Karim et al., 2020).

One way to improve the rural development potential and 
overall sustainability of small-scale aquaculture is through 
the promotion, adoption and proper implementation of bet-
ter management practices (BMPs) (Giri, 2017). BMPs is 
an umbrella term that encompasses very diverse production 
and management practices seeking to enhance the socioeco-
nomic and environmental performance of aquaculture sys-
tems (Naylor et al., 2021; van Duijn et al., 2018; Waite et al., 
2014). BMPs range from guidance for selecting the most 
appropriate fish species and production sites in a locality, to 
rules for selecting and optimizing the operational character-
istics of small-scale aquaculture systems (Belton et al., 2018; 
Giri, 2017; Howerton, 2001). A necessary pre-condition for 
the subsequent realization of expected positive impacts is the 
successful and sustained uptake of BMPs (and their proper 
implementation) (Bone et al., 2018; Karim et al., 2020).  
However, this is often constrained by the unavailability of 
appropriate information and resources to small-scale produc-
ers (Bush et al., 2021; N’souvi et al., 2021; Ragasa et al., 2022a; 
World Bank, 2007).

The promotion and uptake of BMPs is usually pursued 
through integrated interventions from state or non-state 
organizations that seek to improve livelihoods, food security 
and other development objectives via the provision of rel-
evant resources and information (Karim et al., 2020; Filipski  
& Belton, 2018; Tezzo et al., 2018; Murshed-E-Jahan & 
Pemsl, 2011; Aweke et al., 2021). Extension services are  
key aspects of such interventions, as they provide information 

to familiarize beneficiaries with the components of interven-
tions, and how they can be used and implemented properly 
(Dam Lam et al., 2022; Karim et al., 2020).

Studies on aquaculture and in broader agricultural con-
texts have found that the eventual impact of such interven-
tions depends on the sustained adoption of relevant tech-
nology and on the duration/length of exposure to related 
extension services (Bambio et al., 2022; Barrett et al., 2021; 
Kumar et al., 2018). This is because the continuous expo-
sure to extension support allows producers to fully assimilate 
the technicalities of interventions, adjust farm expenditure, 
and appreciate how the different intervention compo-
nents can affect the farm enterprise (Murshed-E-Jahan & 
Pemsl, 2011; Barrett et  al., 2021). Studies have found 
mixed impacts relative to duration of exposure and adop-
tion, depending on the technology promoted or the impact 
category investigated (Aramburu et al., 2019). While some 
studies imply that longer durations of exposure to and adop-
tion of the recommended practices/technologies can lead 
to better outcomes (see Barrett et al., 2021; Bambio et al.,  
2022), it is not always clear whether this materializes in real-
ity. Furthermore, many relevant impact assessment studies 
do not consider the duration of exposure or adoption to the 
recommended practices/technologies as a variable, hence 
missing possibly valuable policy- and practice-relevant 
information (Habtewold, 2021; Makate et al., 2019; Paul 
& Vogl, 2013; Tran et al., 2020). These knowledge gaps are 
particularly pronounced for small-scale aquaculture inter-
ventions (Aung et al., 2023; Karim et al., 2020), and should  
be appreciated better if we are to understand the food secu-
rity and rural development potential of such interventions.

Myanmar is one of the major aquaculture producers glob-
ally, with an annual aquaculture output of > 1 Mt and an esti-
mated annual value of > USD 1.4 billion in 2018 (FAO, 2020a; 
Karim et al., 2020). Aquaculture is responsible for about 36% 
of total national fish production (FAO, 2020a), contributing 
significantly to animal-source protein consumption (Karim 
et al., 2020). The sector comprises approximately 220,000 
fish producers, mainly operating small-scale farms (FAO, 
2020a; Karim et al., 2020; Tezzo et al., 2018). With close to 
24.8% of the national population living below the poverty 
line and recording one of the highest food insecurity levels in 
Asia (Central Statistical Organization et al., 2019), the rapidly 
expanding aquaculture sector already plays (and will continue 
to play) a significant role in the national economy and food 
security of Myanmar. Several studies have identified aquacul-
ture as a sector with a huge potential to boost food security, 
livelihoods and rural development nationally (Karim et al., 
2020; Aung et al., 2023; Filipski & Belton, 2018; Belton et al., 
2017; Garlock et al., 2022).

Nevertheless, there are major differences within the aqua-
culture sector in Myanmar, which can affect its development 
potential. Half of all fish farms are smaller than 4 ha and 

1 Small-scale aquaculture refers to aquaculture production in small 
ponds (typically < 10 acres; < 4 ha) (Belton et al., 2017), which may 
be self-owned or leased, and may be partly used for fish culture and 
crop irrigation (Belton et al., 2017; Karim et al., 2020).
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thus considered small-scale, but these account for only 4% 
of the total production area (Belton et al., 2015; Filipski & 
Belton, 2018). Larger-scale farms (> 40 ha) comprise just 
7% of farms but account for nearly 60% of the total area 
under aquaculture. The sector is skewed towards large farms, 
which reflects legacies of inequalities in land access and 
policies, exacerbated by unequal access to inputs, poor sup-
port from extension services and low levels of improved 
technology adoption among small-scale producers (Belton 
et al., 2018). With the obvious possibility that larger farms 
have better access to financial and non-financial support 
(including extension), small-scale producers continue to face 
substantial challenges in enhancing pond productivity, and 
escaping poverty and food insecurity (Karim et al., 2020; 
Aung et al., 2023). Consequently, many interventions are 
being increasingly implemented across the country targeting 
small-scale aquaculture producers to stimulate the uptake 
of BMPs and facilitate access to good quality inputs, as a 
means to enhance their productivity, livelihoods and food 
security (Aregu et al., 2017; Belton et al., 2017; Karim et al., 
2020). But, there is a general lack of evidence about the suc-
cess of such interventions, and the factors affecting it.

Thus the aim of this study was to assess the impacts of 
an intervention that combined the uptake of BMPs and 
nutrition-sensitive information among small-scale aquacul-
ture producers in Myanmar. We focused on impacts related 
to pond productivity, livelihoods, and food security, which 
are critically low in many rural areas of Myanmar. Beyond 
assessing these impacts, we sought to advance knowledge 
about the effects of different durations of exposure to the 
intervention and adoption of BMPs. To achieve this, we 
used a robust analytical approach based on propensity score 
matching to capture impact differentiation among one-year 
beneficiaries (1Y) and two-year beneficiaries (2Y). Sec-
tion 2 of this paper outlines the intervention and the method-
ology. Section 3 presents the main results of the study, while 
Sect. 4 critically discusses the findings and draws key policy 
and practice recommendations for enhancing the sustain-
ability and development potential of small-scale aquaculture 
systems in Myanmar and other developing countries.

2  Study site and intervention

In our study we focused on the impact of (and temporal dimen-
sions of exposure to) the Myanmar Sustainable Aquaculture 
Programme (MYSAP Inland) intervention implemented by 
WorldFish, with support from Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ). This programme was 
implemented in three culture cycles between 2018 and 2020, 
and targeted small-scale aquaculture producers in different 
parts of the country. Small-scale aquaculture was defined as 

household-level production in ponds < 0.5 acres (< 0.2 ha) in 
area, that held water for at least six months per year. These 
small-scale aquaculture ponds were the entry point for the 
delivery of the intervention, extension, and training services, 
because these households were considered particularly vulner-
able, less-endowed, poor and food insecure (Bondad-Reantaso 
& Prein, 2009; Aung et al., 2023). More broadly, such small-
scale producers in Myanmar tend to employ traditional and 
generally unsustainable and low-productivity production prac-
tices (Aung et al., 2023; Karim et al., 2020).

The eligible small-scale producers were divided in 
groups, and received key aquaculture resources and a com-
prehensive information package about BMPs and nutrition. 
The main elements of the intervention included: (a) materi-
als for all beneficiaries (specifically fish seed, crop seeds, 
weighscale, pH paper, training materials) (b) training on 
small-scale aquaculture and improved human nutrition for 
all beneficiaries, (c) feed production equipment and prepara-
tion costs for one pond for each farmer group, (d) follow-up 
visits every two weeks for technical support to each group.

The aquaculture production aspect of the intervention 
focused on BMPs that covered: (a) pond location and prep-
aration before stocking, (b) fish species, stocking density 
and feeding, (c) pond water quality and fertilization, and (d) 
integrated vegetable production. The nutrition aspect of the 
intervention focused on emphasizing the nutritional value 
of eating a diverse diet and the health benefits of regular 
consumption of fish (including small indigenous fish species 
consumed whole). The nutritional components contained 
information for fish-based recipes and food groups. Box S1 
in the Supplementary Material provides more information 
about the different components of the intervention.

The recruitment of the beneficiary producers and the out-
reach activities happened in two cohorts (in the 2018–2019 
and 2019–2020 seasons) and was conducted mostly through 
face-to-face training. MYSAP Inland worked with house-
holds for a maximum of two years, meaning households 
received either one year or two years of intervention sup-
port. The intervention supported the development of 20 
leaflets and posters and 77 training videos in the Myanmar 
language, as well as local languages including Big Shan, 
Lahu and Arka. The extension materials were distributed 
at face-to-face training sessions to reinforce key take-home  
messages and learning points. During the COVID-19 pan-
demic and the state of emergency, the intervention adopted 
a flexible approach and transitioned from face-to-face 
meetings, visits and material dissemination to increased 
use of virtual platforms (Green Way app) and a private 
member-only Virtual Fish Culture Learning Group on 
Facebook. Box S2 in the Supplementary Material high-
lights in more detail how the training was delivered and  
some of the main aspects covered for each BMP.
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In Fig. 1 we outline the main components and expected 
outcomes of the intervention. Overall, the intervention 
reached a total of 1,504 direct-beneficiary households in 
five townships located in the Shan State, the Sagaing Region 
and the Mandalay Region of Myanmar. Following a com-
prehensive scanning of possible interventions areas in the 
country the specific regions were selected because they are 
characterized by (a) appropriate production conditions and 
availability of land for aquaculture, (b) prior existence of 
small-scale fish ponds, (c) a significant number of small-
scale aquaculture producers, and (d) low development, in 
terms of low income and livelihoods, low food/nutrition 
security, and a general lack of access to sanitation and 
related infrastructure. Table 1 outlines the characteristics of 
the intervention townships.

Once the intervention areas were selected, the interven-
tion team undertook a rigorous beneficiary selection process 
to identify the households expected to benefit the most from 
the intervention. Intervention beneficiaries were small-scale 
producers that (a) owned or cultivated fishpond(s) < 0.5 acres 
(< 0.2 ha), and (b) were vulnerable in terms of livelihoods and 
food security. To identify these beneficiary households the 
intervention team extracted farmer data about household char-
acteristics, farm production and total household income from 
the WorldFish Myanmar database, to identify the most vulner-
able households in the study area. The 1504 direct beneficiary 

households identified and selected for intervention based on 
these characteristics received exactly the same support out-
lined above in two cohorts (1 Year and 2 Year beneficiaries).

3  Methodology

3.1  Data collection and experimental design

We conducted a structured household questionnaire survey 
via phone, using Kobotoolbox as the data collection platform 
(for more information refer to: https:// www. kobot oolbox. 
org/). The survey was undertaken between 15 March and 2 
April 2021. The original plan was to collect data using face-
to-face interviews, but COVID-19 pandemic restrictions and 
an unstable political situation in Myanmar impeded in-person 
data collection.

The questionnaire contained open- and close-ended ques-
tions to elicit the expected impact of exposure to the aqua-
culture intervention on productivity, livelihoods and food 
security. The survey modules comprised of: (a) basic socio-
economic and demographic household characteristics, (b) 
aquaculture practices, (c) household income and expenses, 
(d) aquaculture production and output, and (e) food secu-
rity in terms of dietary diversity (Food Consumption Score, 
FCS) (WFP, 2008).

Fig. 1  Impact pathway of the aquaculture study intervention

https://www.kobotoolbox.org/
https://www.kobotoolbox.org/
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We collected information from a total of 702 respondents 
divided across beneficiary and non-beneficiary (control) 
groups. We focused on intervention beneficiaries from the 
Shan and Sagaing regions, because the specific intervention 
in these areas could lend itself to proper impact assessment. 
The intervention there targeted individual small-scale pro-
ducers with the on-farm interventions described in the previ-
ous section, as opposed other regions/townships where the 
intervention experienced major implementation challenges 
or focused only on community ponds, which would have 
made impact elicitation for households very uncertain. For 
these reasons we focused on three out of the five benefi-
ciary townships in the intervention areas, namely Kale and 
Shwebo (in Sagaing), and Kengtung (in Shan) (Fig. 2).

Considering the significant information-sharing com-
ponent of the intervention, there is a high likelihood of 

spillover effects through informal communication between 
beneficiaries and non-beneficiaries, which may affect the 
final outcomes (Dompreh et al., 2021a; Fenger et al., 2017). 
For this reason, we did not select control groups from the 
same townships that received the intervention. Instead, we 
recruited non-beneficiary participants from “control town-
ships”, i.e., townships where the intervention was not rolled 
out, but that are within the same region and share similar 
environmental and socioeconomic characteristics to the 
intervention townships. Overall, we selected six control 
townships in the Shan (Tachilek, Taungyi, Pindaya, Pekhon) 
and Sagaing (Wetlet, Khin U) regions (Fig. 2).

A list of beneficiaries was obtained from the MYSAP 
intervention database (n = 1504 households) and a list of 
control or non-beneficiary aquaculture farmers that shared 
similar characteristics was obtained through WorldFish 

Table 1  General characteristics of the aquaculture intervention areas in Myanmar

Source (WorldFish, 2020)

Mandalay Region Sagaing Region Shan State

Southern Shan Eastern Shan

Environmental Characteristics
Land Type - Mostly plains with some 

medium highlands near to 
Shan states

- Combination of highlands 
and plains

- Two third of the land are 
hilly, and about one third is 
plains

- Mainly hilly, with exception 
of Tachileik Township

Land Use - Settlements (15%)
- Cultivated land (8%)
- Net cultivated land (38%)
- Agriculture land (1%)
- Industrial land (0.2%)
- Reserve forest (23%)
- Raw forest (2%)
- Waste land (12%)

- Settlements (9%)
- Net cultivated land (54%)
- Agriculture land (0.2%)
- Industrious land (0.1%)
- Reserve forest (22%)
- Raw forest (6%)
- Raw land (1%)
- Waste land (7%)

- Settlements (9%)
- Cultivated land (3.14%)
- Net cultivated land (12%)
- Agriculture land (2%)
- Reserve forest (15%)
- Raw forest (39%)
- Raw land (5%)
- Waste land (15%)

- Settlements (3%)
- Net cultivated land (5%)
- Agriculture land (1.8%)
- Reserved forest (9%)
- Raw forest (29%)
- Raw land (22%)
- Waste land (30%)

Climate - 8.2 rainy days per year 
(2018)

- 4.22 cm annual rainfall

- 25.6 rainy days per year 
(2018)

- 16.42 cm annual rainfall

- 30.6 rainy days per year 
(2018)

- 11.01 cm annual rainfall

- 48 rainy days per year (2018)
- 25.49 cm annual rainfall

Socioeconomic and demographic characteristics
Religion - 95.7% Buddhism

- 3.0% Islam
- 1.1% Christianity
- 0.2% Hinduism

- 92.2% Buddhism
- 6.5% Christianity
- 1.1% Islam
- 0.1% Other religion
- 0.1% Hinduism

- 81.7% Buddhism
- 9.8% Christianity
- 6.6% Tribal religion
- 1% Islam
- 0.5% Other religion
- 0.4% No religion

Age structure - The highest proportion 
of population (19%) is 
10–19 years old

- The highest proportion 
of population (19%) is 
10–19 years old

- The highest proportion of population (21%) is 10–19 years 
old

Education - Males tend to be more edu-
cated than females

- Males tend to be more edu-
cated than females

- Males tend to be more educated than females

Livelihoods - 48% employed
- 26% engaged in household 

work
- 22% seeking employment 

and/or not employed
- 4% are disabled and/or men-

tioned nothing

- 46% employed
- 28% engaged in household 

work
- 23% seeking employment 

and/or not employed,
- 3% are disabled and/or men-

tioned nothing

- 46% employed
- 31% engaged in household work
- 18% seeking employment and/or no employment
- 5% are disabled and/or mentioned nothing

Poverty - 13.2% poverty rate - 30.7% poverty rate - 28.6% poverty rate
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Myanmar databases. We used a proportionate distribution 
rule to select aquaculture farmers in each township based on 
the intensity of exposure to the intervention and the number 
of years benefitting (1Y and 2Y Beneficiaries). We selected 
the beneficiaries and non-beneficiaries from the above data-
bases by assigning random numbers to potential respondents 
using a random number generator in Excel.

From the 702 selected households across all study groups, 
we used 379 households for the final analysis after removing 
households that were income outliers or had zero aquacul-
ture harvest in the year prior to the survey. Table 2 contains 
the distribution of the sample in the intervention and control 
townships before and after removal.

3.2  Data analysis

3.2.1  Impact variables

We explored the development outcomes of exposure to 
the intervention for a series of impact variables related to 

productivity, livelihoods, and food security (see Fig. 1). 
Overall, we focused on seven major impact variables as 
outlined in Table 3.

Impact on pond productivity was measured in terms of 
yield and total harvested fish. Yield was measured by divid-
ing the quantity of total pond fish harvested (in kg) by the 
total size of ponds (in acres). The expectation was that the 
interventions will enhance the quantity of fish harvested in 
a given pond area, hence increasing pond yield.

Livelihood impact was measured in terms of total house-
hold income and fish-related revenue. Revenue is gener-
ated by multiplying the quantity of fish harvested by the 
price sold per unit. The total fish revenue was measured by 
summing the fish revenue from both water and open water 
fishing measured in thousands Myanmar Kyat (1000MMK). 
Fish revenue per unit area was measured by dividing fish 
revenue obtained from ponds by pond size, measured in 
1000MMK/acre. Total household income (measured in 
1000MMK) is assessed by summing all major and minor 
income sources including income from pond and open water, 

Fig. 2  Map of the aquaculture intervention areas in Myanmar
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agriculture, remittance, and own business. It was expected 
that by increasing fish output and improving knowledge 
about possible market options the fish revenue and income 
of beneficiary households will increase.

Food security impact was measured in terms of fish 
consumption and dietary diversity. Fish consumption was 
measured by the quantity of fish consumed in the house-
hold in the seven days prior to the survey, and is meas-
ured in kilograms of consumed fish per week (Kg/week). 
Diet diversity was measured using the Food Consumption 
Score (FCS), which captures the consumption frequency 
of different food groups in the week prior to the survey 
(WFP, 2008). When calculating the FCS, the different food 
groups consumed in the past seven days are weighted and 
the weighted food group scores are summed and placed 
within determined thresholds of food security (namely poor, 
borderline and acceptable), with high FCS denoting higher 
food diversity, and thus higher food security (WFP, 2008). 
The expectation is that the intervention will enhance the 
food security of targeted farmers for both metrics, by allow-
ing for greater fish self-consumption (for the former) and 
increasing crop species and allowing for food purchases (for 

the latter). The FCS has been used widely to measure diet 
diversity as a proxy of food security (Dam Lam et al., 2022; 
Dompreh et al., 2021b; Gasparatos et al., 2022), when other 
measures such as daily caloric intake or wasting/stunting 
cannot be measured effectively (Hendriks, 2015; Wessells 
& Brown, 2012).

For each impact variable we initially estimate descrip-
tive statistics such as means and t-tests to identify discern-
ible patterns between groups. This analysis is reported in 
Sect. 4.1–4.2 and was conducted through R programming, 
with the data imported from Excel using readxl package. 
However, such descriptive analysis is inadequate for estab-
lishing causality between exposure to an intervention and the 
actual impact, largely due to endogeneity, selection bias and 
systematic errors from researchers (Dehejia & Wahba, 2002; 
Dompreh et al., 2021b). Section 3.2.2 outlines and justifies 
the approach used for impact elicitation.

3.2.2  Impact elicitation: Propensity score matching (PSM)

There are several different approaches to elicit the impact 
of development interventions including assessing changes 

Table 2  Sample size distribution 
across sites and groups

Source: MYSAP endline survey data (2021)

Respondent type Region Township Sample before removal Sample after removal

Year 1 Year 2 Year 1 Year 2

Treatment Sagaing Kale 40 34 25 20
Shwebo 60 60 57 54

Shan Kengtung 50 56 45 44
Control Shan Tachileik 105 39

Taungyi 64 18
Pindaya 27 13
Pekhon 28 9

Sagaing Wetlet 156 43
Khin U 22 12

Total sample 702 379

Table 3  Description of impact variables

Source: MYSAP endline survey data (2021)

Impact category Impact variable Description Unit Expectation

Productivity Yield Measure by dividing quantity of pond fish harvest by pond size Kg/acre  + 
Total fish harvested Measured by summing quantity of both pond and open water 

harvested fish
Kg  + 

Livelihoods Total fish revenue Measurement by summing fish revenue from ponds and open water 1000MMK  + 
Fish revenue per unit area Revenue is quantity of fish harvested multiplied by price sold per 

unit
Measured by dividing fish revenue by pond size

1000MMK/acre  + 

Household income Measured by summing all income lines in the household 1000MMK  + 
Food security Fish consumption Measured by calculating the quantity of fish consumed in 7 days Kg/week  + 

Diet diversity (Food 
Consumption Score)

Measured by consumption of 8 food groups and weighted (WFP, 
2008)

Score  + 
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in the performance of beneficiary households over time 
through panel data (i.e., before and after the interventions) 
(Murshed-E-Jahan & Pemsl, 2011; Khandker & Koolwal, 
2016) or counterfactual analysis (i.e., comparisons with 
groups that did not receive the intervention) (e.g., Aung 
et al., 2023; Dam Lam et al., 2022). Counterfactual tech-
niques vary in their ability to randomize the assignment of 
beneficiaries to the intervention, and include randomized 
control trials (Ragasa et al., 2022b; Verbowski et al., 2018) 
and matching approaches (Ntiri et al., 2022; Tran et al., 
2020).

In this study, due to the lack of baseline data for the inter-
vention households, we followed a counterfactual approach 
to elicit impacts. We opted for a matching approach, as while 
there is the likelihood of selection bias and other biases2 
it is very challenging to implement fully experimental 
techniques such as randomized control trials in large-scale 
development interventions that contain multiple components 
(e.g., training, technology transfer), which can be readily 
adopted partly or fully by non-targeted households (Nakano 
& Magezi, 2020; Yitayew et al., 2021).

In particular we utilized the propensity score matching 
(PSM) method to control, to the extent possible, for biases 
and associated endogeneity3 problems. The PSM reduces 
restrictions in distributional assumptions and thus allow for 
impact estimation without imposing arbitrary assumptions 
and functional forms as other methods (Jalan & Ravallion, 
2003; Rubin & Thomas, 2000).4 Due to this flexibility, the 
PSM has been used to assess the impact of development 
interventions, including related to small-scale aquaculture 

(Ahmed et al., 2019; Dam Lam et al., 2022; Islam et al., 
2015; Mitiku et al., 2017; Tran et al., 2020).

We conduct three levels of comparisons: (a) “1Y Ben-
eficiaries” vs. “Control”, (b) “2Y beneficiaries” vs. “Con-
trol”, and (c) “2Y Beneficiaries” vs. “1Y Beneficiaries”. 
This enables the estimation of both how the exposure to the 
intervention and the length of exposure can affect the impact 
variables (Sect. 3.2.1). We expect that both “2Y Beneficiar-
ies” and “1Y Beneficiaries” will have better performance 
across all impact variables than “Control” households. Fur-
thermore, “2Y Beneficiaries” are expected to perform better 
than “1Y Beneficiaries”.

The PSM approach is performed in two stages. First, the 
intervention beneficiary status (1 = beneficiary, 0 = control) 
is regressed against household and pond characteristics that 
simultaneously affect outcome variables and beneficiary sta-
tus (Ahmed et al., 2019; Apiors & Suzuki, 2018; Dompreh 
et al., 2021b; Etuk & Ayuk, 2021). In this study, we used a 
probit regression model during the first stage of the PSM, with 
the covariates shown in Table S1 (Supplementary Material).

Second, the generated propensity scores are used to 
match treatment and control farmers. Here, we used three 
different matching algorithms, namely the Nearness Neigh-
bor, the Radius Caliper and the Kernel matching (Caliendo 
& Kopeinig, 2008). For each comparison we choose the 
matching algorithm that yields lowest biases after compar-
ing the balancing test results using different metrics (e.g., 
mean bias, Pseudo R-squared). Tables S20–S22 contains 
the matching algorithm for every comparison group and the 
balancing tests results.

In PSM studies two main treatment effects are normally 
estimated: the Average Treatment Effect (ATE) and the 
Average Treatment Effect on the Treated (ATT) (Mitiku 
et al., 2017; Stuart, 2010; Caliendo & Kopeinig, 2008). 
Here we estimate the ATT for each outcome variable, as 
it measures the impact of the intervention for the treated 
group, compared to the ATE that measures impact for the 
population (Dompreh et al., 2021b; Froehlich et al., 2018; 
Caliendo & Kopeinig, 2008).

We standardized the ATT across the mix of different 
physical units of outcome variables in different regions using 
the percentage change (PC) (Eq. 1.)

where ATTi,j is the average treatment effect on the treated 
(ATT) for impact i in group j, andCi,j is the treatment effect 
of control for impact i in group j.

Finally, we conducted a sensitivity analysis to assess 
whether the estimates could be affected by unobservable 
characteristics, as a means of reducing the unavoidable 
problem of controlling for only observable characteristics 

(1)PC =

ATTi,j

Ci,j

2 Selection bias occurs through: (a) external selection (i.e., selec-
tion of a group of people to target through the intervention), and (b) 
self-selection (i.e., own voluntary decision to participate in the inter-
vention) (Bareinboim & Pearl, 2012; Caliendo & Kopeinig, 2008). 
Other types of biases are introduced through the (a) lack of compli-
ance with the intervention (i.e. failure or unwillingness to implement 
intervention properly), and (b) participation in interventions from 
non-beneficiaries (i.e. non-beneficiaries that decide to implement the 
interventions partly or fully due to perceived benefits) (Armijo-Olivo 
et al., 2022; Hernan et al., 2004).
3 Endogeneity primarily occurs in three ways, namely simultaneity, 
measurement error and omitted variables. Simultaneity occurs when 
two variables are codetermined; measurement error occurs when it 
is difficult to perfectly measure a variable (hence imposing some 
noise); omissions occur when a variable correlates with an independ-
ent variable and the error term (Caliendo & Kopeinig, 2008; Ojo & 
Baiyegunhi, 2020).
4 Other analytical options we considered were: (a) Instrumental Varia-
ble Regression that uses external source of variations to determine the 
treatment effect, but may result in imprecise and biased outcomes as 
it is difficult to identify valid (strong) instrumental variables (Martens 
et al., 2006); (b) Endogenous Switching Regression (ESR) model that 
controls for both observable and unobservable characteristics (Ayalew 
et  al., 2019; Hasebe, 2020) but imposes strong/restrictive distribu-
tional assumptions (Main & Reilly, 1993; Mendola, 2007).
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(and thus possibly retaining some inherent biases). We 
determined the likely extent (gamma level) at which the 
unobserved variables impose biases in the causal estima-
tion (Hirano & Imbens, 2001; Caliendo & Kopeinig, 2008). 
Here, we use the Rosenbaum bounds for the sensitivity 
analysis (Caliendo & Kopeinig, 2008). High sensitivity to 
hidden bias is present if the conclusions change for values 
of Gamma just slightly > 1, while low sensitivity occurs if 
the conclusions change at large values of Gamma (Olmos & 
Govindasamy, 2015; Rosenbaum, 2002). While a sensitivity 
analysis demonstrates the level to which inferences can be 
influenced by unobservable biases at different magnitudes, 
it does not confirm whether hidden biases are indeed present 
(Mudombi et al., 2021; Rosenbaum, 2002). Also, sensitiv-
ity to hidden bias does not necessarily imply that a study 
design is faulty, nor is low sensitivity necessarily a laudable 
achievement (Rosenbaum, 2002).

For the PSM analysis we used Stata15 Software, with the 
results reported in Sect. 3.3. The results of the PSM analysis 
are summarized in Sect. 4.1 through a spot matrix map cre-
ated through ggplot2 package in R.

3.3  Study limitations

Despite the robust data collection and analysis approach, the 
study had certain limitations that could have inserted biases 
and uncertainties. These were mostly beyond the control of 
the research team, but are summarized below to understand 
possible limits to generalization.

First, unavoidably for the reasons explained in Sect. 3.2.2 
we had to rely on cross-sectional data and a matching 
counterfactual approach which may give rise to: (a) hid-
den bias as participants with certain characteristics might 
be included in the intervention (e.g., wealthy or highly 
productive farmers); (b) endogeneity due to measurement 
error, variable omission and reverse causation. To avoid 
such issues, we relied on: (a) rigorous selection of inter-
vention beneficiaries and study participants, (b) rigorous 
selection of control area and control group participants, 
and (c) sensitivity analysis. For (a) the intervention team 
identified all vulnerable small-scale farmers in the study 
area [ponds < 0.5 acres (< 0.2 ha), low incomes] regardless 
of other sociodemographic and production characteristics 
(Sect. 2)5 and we selected participants through a randomiza-
tion process among all beneficiaries. For (b) we identified 
control areas and participants sharing the same character-
istics as beneficiaries, but are not affected from the inter-
vention (see next point). For (c), we selected appropriate 

matching variables and conducted a sensitivity analysis 
(Sect. 4.3). Although we believe that collectively these 
steps enhanced the robustness of the results, other factors 
such as the COVID-19 pandemic may have imposed some 
advantages/disadvantages to beneficiaries and controls that 
may insert hidden bias in this study but are unfortunately 
difficult to track.

Second, considering the heavy training/knowledge 
transfer component of the intervention (Sect. 2) there may 
be knowledge-sharing between beneficiaries and control 
groups. To avoid this, we selected control groups located in 
communities at a reasonable distance from beneficiary areas 
to reduce possible knowledge spill-over effects. Although 
we cannot preclude the possibility of spill-over effects, we 
believe that such risks are minimized considering the dis-
tance between communities.

Finally, we relied on phone interviews due to the con-
straints posed by the COVID-19 pandemic and the political 
turmoil in Myanmar. This caused instances of respondent 
fatigue (leading to the termination of some surveys) and pre-
cluded enumerators to “read” the physical gestures of the 
respondents. To avoid grossly under- or over-reported data, 
we trained enumerators to enquire deeper if the elicited data 
seemed unreasonable, and conducted an outlier analysis to 
omit problematic data (Table 2).

4  Results

4.1  Socio‑demographic characteristics 
of the study groups

Table 4 outlines key socio-demographic characteristics 
of the sampled households. In Sagaing region, farmers 
from all groups had similar (and small) pond sizes rang-
ing between 0.25–0.29 acres (≈0.10–0.12 ha). In terms of 
education, 2Y Beneficiaries tended to have higher levels 
of education compared to 1Y Beneficiaries and Control 
farmers. Gender distribution was fairly equal among study 
groups, with males dominating the small-scale aquaculture 
sector in the region.

Intervention beneficiaries in Sagaing region benefited 
from a substantially higher frequency of extension visits 
compared to control farmers, which is expected considering 
that this was a key aspect of the intervention. However, 2Y 
Beneficiaries received more visits by extension compared to 
1Y beneficiaries (17.7 vs. 14.3 visits per year respectively), 
which again points to differentiation between beneficiaries.

In Shan state, 2Y Beneficiaries had larger ponds than 
1Y Beneficiaries (0.18 vs. 0.11 acres; 0.07 vs. 0.04 ha), 
which were much smaller than those of control groups 
(0.26 acres; 0.11 ha) (Table 4). 1Y Beneficiaries tended to 
have higher educational attainment (7.49 years) compared 

5 This notwithstanding, farmers may decide to under-report their pro-
duction or income in order to benefit from an intervention (Cheema 
et al., 2018). This is beyond the control of the intervention team.
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to 2Y Beneficiaries (6.91 years), and Control households 
(6.11 years). Although the number of extension visits was 
much lower than Sagaing region,6 2Y Beneficiaries had 
more extension visits (1.75 visits/year) compared to 1Y 
Beneficiaries and Control households (1.1.6 and 0.04 vis-
its/year respectively). There was gender parity of household 
head for 2Y Beneficiary households, and an almost complete 
dominance of male-headed households in the Control group.

4.2  Adoption of BMPs and aquaculture 
performance between groups

The adoption of BMPs was generally higher for intervention 
beneficiaries compared to control farmers, with “2Y Benefi-
ciaries” reporting a higher degree of BMP adoption across 
their ponds. This was observed both for the pooled sample 
(Fig. 3) and the individual regions (Figs. S1, S2, Supplemen-
tary Material). Since the promotion of BMPs was one of the 
main goals of the intervention (Sect. 2), this was expected. 
However, it is noteworthy that 2Y Beneficiaries adopted 
more BMPs than other beneficiaries, suggesting that longer 
exposure to the intervention is linked to higher adoption of 

BMPs. Also, although almost all BMPs were universally 
adopted by 2Y Beneficiaries, the use of chemicals and drugs 
is still not prevalent, possibly due to high costs associated 
with this practice.

Table 5 outlines the different performance indicators 
between 1 and 2Y Beneficiaries and Controls in all study 
regions. In the Sagaing region, 1Y Beneficiaries had sig-
nificantly lower yields of fish (152.9 kg/acre; 377.7 kg/
ha, p < 0.10), lower total fish harvested (39.6 kg, p < 0.10) 
and lower total fish revenue (1000MMK 183.99, p < 0.01) 
compared to Control producers. On the other hand, 1Y 
Beneficiaries had significantly higher FCS than Control 
producers by 25.1 points (p < 0.01) and higher weekly 
fish consumption (not significant). Similarly, in the Saga-
ing region 2Y Beneficiaries had significantly higher fish 
revenue per unit area (831.31 1000MMK/acre; 2,053.33 
1000MMK/ha, p < 0.10), food consumption score (23.26 
points, p < 0.01) and weekly fish consumption (p < 0.1) 
compared to Control producers. Comparison between 
2 and 1Y Beneficiaries in Sagaing showed that the for-
mer had significantly higher fish revenue per unit area 
(p < 0.05) and yield (p < 0.01). In terms of food security 
there was no statistically significant difference for fish 
consumption and diet diversity between the two groups.

In the Shan region the t-test comparison suggests that 
1Y Beneficiaries had significantly higher diet diversity 
(by 31.06 points, p < 0.01) compared to Control producers, 
but the differences for all other impact variables were not 
significant. 2Y Beneficiaries reported significantly higher 
household income (by 1000MMK 1,077.46, p < 0.01), 
fish revenue per unit area (by 248.53 1000MMK/acre; 
613.87 1000MMK/ha, p < 0.10), yield (by 188.50  kg/
acre; 465.60 kg/ha, p < 0.01), weekly fish consumption 
(by 0.87 kg, p < 0.05) and diet diversity in terms of FCS 
(by 37.60 points, p < 0.01) compared to Control producers. 
Even though 2Y Beneficiaries also reported higher total 

Table 4  Socio-demographic characteristics of study groups

Source: MYSAP endline survey data (2021)

Area Group Age
(years)

Education
(years)

Household 
size 
(members)

Pond size
(acres)

Gender
(1 = male)

Frequency of extension 
visits (times/year)

Years of 
aquaculture 
experience

Sagaing Region 1Y Beneficiaries 51.34 6.26 4.01 0.29 0.73 14.31 8.69
2Y Beneficiaries 50.36 6.45 3.82 0.25 0.73 17.72 10.82
Control 45.95 6.34 4.42 0.26 0.75 0.16 2.29

Shan state 1Y Beneficiaries 47.47 7.49 3.87 0.11 0.73 1.16 5.40
2Y Beneficiaries 49.32 6.91 3.84 0.18 0.48 1.75 12.98
Control 45.80 6.11 4.77 0.26 0.82 0.04 3.19

Pooled sample 1Y Beneficiaries 49.97 6.69 3.96 0.23 0.73 9.65 7.59
2Y Beneficiaries 49.97 6.62 3.83 0.23 0.64 11.76 11.62
Control 45.86 6.20 4.63 0.26 0.79 0.09 2.58

6 The frequency of follow-up technical support visits in Shan State 
was lower than in Sagaing Region due to a different set of factors. 
In particular, the elevated and mountainous terrain of the Shan State 
area, the poor road system and because many villages were often cut 
off and unreachable in the monsoon season, made logistical planning 
of field activities much more difficult than in the Sagaing Region. 
Moreover, Shan State has a distinct cold season which can be off put-
ting for extension staff that have to travel to the field on motorbikes. 
Finally, while variable over time, there were generally greater restric-
tions on travel to villages in the Shan State during both the COVID-
19 pandemic and the state of emergency periods than there were in 
the Sagaing Region. However, many of these issues were sought to be 
mitigated through knowledge dissemination via online tools (Box S2, 
Supplementary Material).
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amounts of fish harvested and fish revenue than Control 
producers, the differences were not statistically signifi-
cant. Comparisons between 2 and 1Y Beneficiaries shows 
that the former have significantly higher total household 
income (by MMK 837.9, p < 0.05), fish revenue per unit 
area (by 209.1 1000MMK/acre; 516.48 1000MMK/ha, 
p < 0.10), total fish harvested (by 43.74 kg, p < 0.01), total 
fish revenue (1000MMK 63.7, p < 0.01), weekly fish con-
sumption (0.81 kg, p < 0.1) and diet diversity in terms of 
FCS (by 6.54 points, p < 0.05).

For the pooled sample, the results of the t-test between 
1Y Beneficiaries and Control producers, suggest that the 
former recorded higher fish revenue per unit area (by 
181.34 1000MMK/acre; 447.90 1000MMK/ha, p < 0.01), 
total fish revenue (by 1000MMK 63.69, p < 0.10), weekly 
fish consumption (by 0.49 kg, p < 0.05) and diet diversity 
in terms of FCS (by 27.47 points, p < 0.01). Similarly, 
2Y Beneficiaries have higher total household income (by 
1000MMK 452.52, p < 0.05), fish revenue per unit area (by 
724.74 1000MMK/acre; 2,514.85 1000MMK/ha, p < 0.01), 
yield (by 314.18 kg/acre; 776.02 kg/ha, p < 0.01), consump-
tion (by 1.25 kg, p < 0.01), and diet diversity (by 28.84 
points, p < 0.01), when compared to the Control produc-
ers. Finally, comparison between 2 and 1Y Beneficiaries 

for the pooled sample, suggested that the former perform 
significantly better only for yield (by 294.03  kg/acre; 
726.25 kg/ha, p < 0.01), total fish harvested (by 24.88 kg, 
p < 0.01), fish revenue per unit area (by 543.39 1000MMK/
acre; 1,342.17 1000MMK/ha, p < 0.05) and weekly fish 
consumption (by 0.79 kg, p < 0.10).

4.3  Impact of exposure to intervention 
on aquaculture performance and food security

Table 6 outlines the PSM estimation for the pooled sample, 
and Tables 7, 8 for the Sagaing region and Shan state sepa-
rately. For each comparison, we selected different match-
ing techniques following tests that yielded the least mean 
bias, lowest Pseudo R-squared and the highest p-value LR 
test. Supplementary Material Tables S2–S16 and S20–S22 
contain full results for the matching and the balancing, and 
Figs S5–S19 the histogram of propensity scores.

For productivity, the results showed that pooled 1Y Ben-
eficiaries had significantly larger total fish production (by 
37.34 kg, p < 0.1) compared to the Control producers. 2Y 
Beneficiaries significantly improved yields (by 231.85 kg/
acre; 572.67 kg/ha, p < 0.1) comparted to Control produc-
ers. Comparisons between 2 and 1Y Beneficiaries show 

Fig. 3  Adoption of aquaculture BMPs among study groups aggregated across all study sites in Myanmar
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Table 5  Comparison of aquaculture performance between study groups

Standard error in parenthesis. Source: MYSAP endline survey data (2021)
*p < 0.10; **p < 0.05; *** p < 0.01

Region Group Productivity Livelihoods Food security

Yield (kg/acre) Total fish 
harvested (kg)

Total fish 
revenue 
(1000MMK)

Fish revenue 
per unit area 
(1000MMK/
acre)

Total 
household 
income 
(1000MMK)

Fish 
consumption 
(kg/week)

Diet diversity
(FCS score)

Sagaing Region 1Y 
Beneficiaries

425.70 (30.07) 107.93 (8.39) 201.75 (19.95) 803.14 (83.07) 1710.58 
(191.908)

2.63 (0.25) 67.26 (1.31)

Control 578.66 (89.97) 147.55 (25.39) 385.75 (67.87) 730.12 (95.98) 1702.58 
(187.53)

2.18 (0.28) 42.15 (2.60)

Difference -152.93* 
(82.23)

-39.61* (23.16) -183.99*** 
(60.61)

73.018 (128.33) 8.00 (280.25) 0.45 (0.38) 25.11*** (2.66)

2Y 
Beneficiaries

827.41 (156.92) 124.37 (14.46) 244.21 (47.37) 1561.43 
(391.62)

1726.62 
(209.05)

3.43 (0.55) 65.41 (1.61)

Control 578.66 (89.97) 147.55 (25.39) 385.75 (67.87) 730.12 (95.98) 1702.58 
(187.53)

2.18 (0.28) 42.15 (2.60)

Difference 248.75 (197.99) -23.18 (27.57) -141.54* 
(80.25)

831.31* 
(462.16)

24.04 (291.52) 1.25* (0.68) 23.26*** (2.92)

2Y 
Beneficiaries

827.41 (156.92) 124.37 (14.46) 244.21 (47.37) 1561.43 
(391.62)

1726.62 
(209.05)

3.43 (0.55) 65.41 (1.61)

1Y 
Beneficiaries

425.73 (30.07) 107.93 (8.40) 201.75 (19.95) 803.14 (83.07) 1710.58 
(191.90)

2.63 (0.25) 67.26 (1.31)

Difference 401.68*** 
(152.34)

16.44 (152.34) 42.46 (0.15) 758.29** 
(382.04)

16.03 (283.27) 0.80 (0.59) -1.85 (2.06)

Shan state 1Y 
Beneficiaries

239.23 (48.76) 14.14 (2.66) 23.57 (6.52) 258.50 (81.89) 1777.43 
(255.11)

1.57 (0.28) 72.16
(2.32)

Control 172.99 (27.22) 41.46 (8.88) 74.59 (10.82) 219.04 (95.14) 1537.90 
(160.85)

1.52 (0.14) 41.09
(2.70)

Difference 66.23 (51.49) -27.31** 
(11.95)

-51.02*** 
(15.17)

39.46 (140.50) 239.53 (287.10) 0.052 (0.28) 31.06*** (3.98)

2Y 
Beneficiaries

361.50 (44.47) 57.89 (6.87) 87.26 (16.07) 467.57 (91.95) 2615.36 
(293.08)

2.39 (0.39) 78.69
(1.82)

Control 172.99 (27.22) 41.46 (8.88) 74.59 (10.82) 219.04 (95.14) 1537.90 
(160.851)

1.52 (0.14) 41.09
(2.70)

Difference 188.50*** 
(49.29)

16.43 (12.96) 12.67 (18.81) 248.53* 
(144.87)

1077.46*** 
(306.84)

0.87** (0.34) 37.60*** (3.87)

2Y 
Beneficiaries

361.50 (44.47) 57.89 (6.87) 87.26 (16.07) 467.57 (91.95) 2615.36 
(293.08)

2.39 (0.39) 78.69
(1.82)

1Y 
Beneficiaries

239.23 (48.76) 14.14 (2.66) 23.57 (6.52) 258.50 (81.89) 1777.43 
(255.11)

1.57 (0.28) 72.16 (2.32)

Difference 122.27 (66.07) 43.74*** (7.30) 63.69*** 
(17.20)

209.08* 
(122.98)

837.93** 
(388.00)

0.81* (0.48) 6.54** (2.96)

Pooled 1Y 
Beneficiaries

359.64 (27.07) 74.70 (6.79) 138.62 (15.10) 610.16 (65.06) 1734.27 
(152.79)

2.27 (0.20) 68.99 (1.19)

Control 339.50 (43.64) 85.00 (12.46) 202.31 (31.37) 428.81 (71.69) 1605.49 
(121.88)

1.79 (0.15) 41.53 (1.91)

Difference 20.14 (52.00) 10.30 (14.40) 63.69* (35.43) 181.34* (97.13) 128.78 (194.42) 0.49** (0.24) 27.47*** (2.28)
2Y 

Beneficiaries
653.68 (101.68) 99.58 (9.86) 185.69 (31.03) 1153.55 

(252.11)
2058.01 

(174.50)
3.04 (0.38) 70.36 (1.35)

Control 339.50 (43.64) 85.00 (12.46) 202.31 (31.37) 428.81 (71.69) 1605.49 
(121.88)

1.79 (0.15) 41.53 (1.91)

Difference 314.18*** 
(106.13)

14.58 (16.18) 16.62 (44.33) 724.74*** 
(248.55)

452.52** 
(208.99)

1.25*** (0.38) 28.84*** (2.40)

2Y 
Beneficiaries

653.68 (101.68) 99.58 (9.86) 185.69 (31.03) 1153.55 
(252.11)

2058.01 
(174.50)

3.04 (0.38) 70.36 (1.35)

1Y 
Beneficiaries

359.64 (27.07) 74.70 (6.79) 138.62 (15.10) 610.16 (65.07) 1734.27 
(152.79)

2.27 (0.20) 68.99 (1.19)

Difference 294.03*** 
(101.94)

24.88** (11.83) 47.07 (33.76) 543.39** 
(252.17)

323.74 (231.12) 0.79* (0.42) 1.37 (1.80)
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that longer exposure to interventions increased both the 
yield and the total amount of fish harvested, though only 
the effects on pond yield were statistically significant 
(increase by 283.53 kg/acre; 700.32 kg/ha, p < 0.01).

The results from individual regions/states (Sagaing and 
Shan) also shows that interventions improved the yield of 
beneficiary farmers with a much more pronounced improve-
ment for 2Y beneficiary farmers (Tables 7,  8). Similar 
performance patterns were also observed for total fish 
harvested. This could be related to the continuous use of 
improved technologies and available extension services to 
farmers. These findings point to how the access to relevant 
technologies and inputs in aquaculture production can lead 
to increased production performance.

In terms of livelihoods for the pooled sample (Table 6), 
1Y Beneficiaries had significantly lower total fish revenue 
(by 163.98 1000MMK, p < 0.01). In contrast, exposure to 
the intervention for two years (2Y Beneficiaries) signifi-
cantly increased total household income (by 1000MMK 
600.80, p < 0.05) and fish revenue per unit area (by 593.93 
1000MMK/acre; 1,467.00 1000MMK/ha, p < 0.05) com-
pared to Control producers, but significantly reduced total 

fish revenue (by 112.48 1000MMK, p < 0.1). Comparison 
between 2 and 1Y Beneficiaries shows that exposure to 
interventions for two years increased significantly only fish 
revenue per unit area (increase by 515.96 1000MMK/acre; 
1,274.42 1000MMK/ha, p < 0.1), despite some positive indi-
cations for several other impact variables.

The enhanced livelihoods of beneficiaries were also 
seen in the increased fish revenue per unit area and total 
household income of beneficiary farmers in each region 
(Tables 7, 8). But beneficiary farmers recorded lower total 
fish revenue compared to control farmers (though farmers 
improved their performance over the years). Generally, the 
two-year cohort of beneficiary farmers performed much bet-
ter compared to one-year beneficiaries in the study regions. 
This implies clear possibilities that relevant aquaculture 
interventions may enhance the livelihoods of smallholder 
farmers who may have lower access to relevant technologies 
and inputs.

Finally, in terms of food security, in the pooled sample 
(Table 6) 1Y Beneficiaries improved both their weekly fish 
consumption and diet diversity compared to Control produc-
ers, with the impact being however statistically significant 

Table 6  Propensity Score Matching (PSM) analysis for pooled sample

Parentheses in ATT column denote the standard error; Parentheses in the group column denote the final sample for each group after common 
support. “#” in the sensitivity analysis column indicate comparisons with low gamma scores that are indications of possible indication to hidden 
bias. Source: MYSAP endline survey data (2021)
*p < 0.10; **p < 0.05; *** p < 0.01

Impact category Impact Variable Groups Treatment effect (ATT) Rosenbaum 
bounds 
gamma

Productivity Yield (kg/acre) 1Y Beneficiaries vs Control -87.27 (65.16) 1.8
2Y Beneficiaries vs Control 231.85* (128.79) -#
2Y Beneficiaries vs 1Y Beneficiaries 283.53*** (104.02) 1.1

Total fish harvested (kg) 1Y Beneficiaries vs Control -37.34* (22.11) 2.8
2Y Beneficiaries vs Control -14.04 (22.73) 1.6
2Y Beneficiaries vs 1Y Beneficiaries 23.39 (14.45) 1.0#

Livelihoods Total fish revenue (1000MMK) 1Y Beneficiaries vs Control -163.98***(62.15) 5.6
2Y Beneficiaries vs Control -112.48* (63.33) 4.0
2Y Beneficiaries vs 1Y Beneficiaries 42.62 (42.69) -#

Fish revenue per unit area (MMK/acre) 1Y Beneficiaries vs Control 34.26 (111.07) -#
2Y Beneficiaries vs Control 593.93** (294.66) -#
2Y Beneficiaries vs 1Y Beneficiaries 515.96* (266.32) -#

Total household income (1000MMK) 1Y Beneficiaries vs Control 184.25 (198.01) -#
2Y Beneficiaries vs Control 600.80** (254.37) 1.2
2Y Beneficiaries vs 1Y Beneficiaries 382,769.80 (262,800.00) -#

Food security Fish consumption (kg/week) 1Y Beneficiaries vs Control 0.31 (0.25) -#
2Y Beneficiaries vs Control 1.00*** (0.42) 1.1
2Y Beneficiaries vs 1Y Beneficiaries 0.69 (0.47) -#

Diet diversity (FCS score) 1Y Beneficiaries vs Control 25.89*** (2.55) 27.2
2Y Beneficiaries vs Control 28.12*** (2.37) 32.0
2Y Beneficiaries vs 1Y Beneficiaries 1.48 (2.03) -#
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only for diet diversity (by 25.89 points, p < 0.01). 2Y Ben-
eficiaries also improved weekly fish consumption (by a 
worthwhile 1.00 kg, p < 0.01) and dietary diversity (by 28.12 
points, p < 0.01) compared to Control producers. Compari-
sons between 2 and 1Y Beneficiaries showed that exposure 
to interventions for two years increased both the weekly fish 
consumption and diet diversity of the former, but the effects 
were not statistically significant.

For individual regional/state estimates, beneficiaries in 
both Sagaing region and Shan state improved their dietary 
diversity (FCS) compared to control farmers (Tables 7, 8). 
Beneficiary farmers also recorded increased fish consump-
tion per week compared to control farmers. In these two 
indicators of food security, 2Y beneficiaries recorded 
increased food security in comparison to 1Y beneficiaries. 
Again, these findings are indications that the aquaculture 
interventions did have a positive impact on the food security 
situation of farmers in the short term.

To explore the robustness of the analysis we conducted 
a sensitivity analysis using the Rosenbaum Bounds method 
(see last column of Tables 6–8) (see Tables S5–S19 in Sup-
plementary Material for full analysis). The results suggest 

varied levels of sensitivity to hidden bias that could likely 
affect the estimates. Low gamma values (1 or lower) sug-
gest higher sensitivity to hidden bias, while greater values of 
gamma suggest lower sensitivity to hidden bias. We identi-
fied possible sensitivity to hidden bias for some compari-
sons, both for the pooled sample (Table 6) and the regional 
analyses (Tables 7, 8). Overall fewer comparisons are sen-
sitive to hidden bias in the regional analyses (Tables 7, 8) 
compared to the pooled sample (Table 6). However, it is 
mostly the non-statistically significant comparisons that are 
sensitive to bias. We reiterate here that low levels of sensitiv-
ity do not necessarily authenticate a study neither does high 
sensitivity intimate a faulty study (Sect. 3.2.2).

5  Discussion

5.1  Synthesis of findings

Overall, our results suggest that the exposure to this inter-
vention focused on the promotion of BMPs and improved 
human nutrition through the provision of materials, training 

Table 7  Propensity Score Matching (PSM) analysis for the Sagaing region

Parentheses in ATT column denote the standard error; Parentheses in the group column denote the final sample for each group after common 
support. “#” in the sensitivity analysis column indicate comparisons with low gamma scores that are indications of possible indication to hidden 
bias. Source: MYSAP endline survey data (2021)
*p < 0.10; **p < 0.05; *** p < 0.01

Impact category Impact Variable Groups Treatment effect (ATT) Rosenbaum 
bounds 
gamma

Productivity Yield (kg/acre) 1Y Beneficiaries vs Control -188.22* (106.47) 2.5
2Y Beneficiaries vs Control 248.21 (202.17) -#
2Y Beneficiaries vs 1Y Beneficiaries 403.67** (185.89) 7.3

Total fish harvested (kg) 1Y Beneficiaries vs Control -58.72* (31.69) 2.3
2Y Beneficiaries vs Control -35.61 (37.22) 2.2
2Y Beneficiaries vs 1Y Beneficiaries 17.67 (16.74) 1.5

Livelihoods Total fish revenue (1000MMK) 1Y Beneficiaries vs Control -246.82***(89.29) 5.7
2Y Beneficiaries vs Control -184.83 (114.51) 5.7
2Y Beneficiaries vs 1Y Beneficiaries 46.82 (48.36) 1.8

Fish revenue per unit area (1000MMK/acre) 1Y Beneficiaries vs Control 17.10 (151.83) -#
2Y Beneficiaries vs Control 850.78 (470.01) -#
2Y Beneficiaries vs 1Y Beneficiaries 768.30* (464.79) 5.0

Total household income (1000MMK) 1Y Beneficiaries vs Control 96.86 (282.38) -#
2Y Beneficiaries vs Control 98.55 (404.38) -#
2Y Beneficiaries vs 1Y Beneficiaries 79.10 (287.72) -#

Food security Fish consumption (kg//week) 1Y Beneficiaries vs Control 0.53 (0.40) -#
2Y Beneficiaries vs Control 1.16 (0.71) -#
2Y Beneficiaries vs 1Y Beneficiaries 0.77 (0.56) -#

Diet diversity
(FCS score)

1Y Beneficiaries vs Control 25.03*** (3.17) 24.0
2Y Beneficiaries vs Control 23.56*** (3.15) 16.0
2Y Beneficiaries vs 1Y Beneficiaries 2.25 (1.97) 1.2
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and extension had a largely positive effect on the productiv-
ity, livelihoods and food security of beneficiary households. 
However, this effect was mostly visible for the 2Y Benefi-
ciaries whose performance for most impact variables was 
significantly better compared to households receiving just 
one year of intervention, or non-beneficiary households.

Similar findings have been found before for aquaculture 
interventions promoting improved production practices and 
nutrition to small-scale producers in Myanmar (see Karim 
et al., 2020; Belton et al., 2017) and other parts of southeast 
and south Asia (Dam Lam et al., 2022; N’souvi et al., 2021). 
However, we note that beyond the provision of effective 
support services for aquaculture production, such impacts 
are also mediated by other factors such as the prevalence of 
appropriate water resources for aquaculture and local famili-
arity and experience with aquaculture production (Filipski 
& Belton, 2018).

Figure 4 summarizes the observed trends for the differ-
ent impact indicators for each group comparison, which are 
discussed in greater detail below.

In terms of productivity, although 1Y Beneficiaries in the 
Sagaing region and for the pooled data had higher adoption 

of BMPs and exposure to support services compared to Con-
trol producers (Table 4), this did not result in increased yields 
(actually it was associated with lower yields) (Tables 6 and 
7). Conversely, for these samples 2Y Beneficiaries had sig-
nificant higher yields compared to the Control farmers. Dif-
ferent observations came from the Shan region in that inter-
vention beneficiaries reported almost immediate increases 
in yield compared to Control producers by year 1 (though 
insignificant), but by year 2 they had achieved a significantly 
higher yield (Table 8). These patterns are also present for 
the total amount of fish harvested, in that 1Y Beneficiaries 
harvest lower amounts than Control groups, but by the sec-
ond year 2Y Beneficiaries either closed the production gaps 
(Tables 6–8),7 or overtook the Control producers (Table 8). 
Such gains in yields and other productivity metrics have also 
been identified elsewhere for aquaculture after adoption of 
BMPs (Aung et al., 2023; Karim et al., 2020; N’souvi et al., 
2021), and improvement in the access to critical resources 

Table 8  Propensity Score Matching (PSM) analysis for Shan state

Parentheses in ATT column denote the standard error; Parentheses in the group column denote the final sample for each group after common 
support. “#” in the sensitivity analysis column indicate comparisons with low gamma scores that are indications of possible indication to hidden 
bias. Source: MYSAP endline survey data (2021)
*p < 0.10; **p < 0.05; *** p < 0.01

Impact category Variable Groups (Observations (after common 
support)

Treatment effect (ATT) Rosenbaum 
bounds 
gamma

Productivity Yield (kg/acre) 1Y Beneficiaries vs Control 94.08 (66.76) 1.0#
2Y Beneficiaries vs Control 185.28*** (44.55) 4.5
2Y Beneficiaries vs 1Y Beneficiaries 108.57 (85.05) 2.7

Total fish harvested (kg) 1Y Beneficiaries vs Control -17.46* (8.56) 4.0
2Y Beneficiaries vs Control 23.37* (13.30) 1.6
2Y Beneficiaries vs 1Y Beneficiaries 47.13***(10.96) 7.3

Livelihoods Total fish revenue (1000MMK) 1Y Beneficiaries vs Control -54.97*** (18.27) 4.0
2Y Beneficiaries vs Control -8.36 (25.79) -#
2Y Beneficiaries vs 1Y Beneficiaries 66.78*** (23.96) 4.8

Fish revenue per unit area (1000MMK/
acre)

1Y Beneficiaries vs Control 102.66 (109.56) -#
2Y Beneficiaries vs Control 232.76** (93.23) 1.4
2Y Beneficiaries vs 1Y Beneficiaries 196.86 (146.19) 2.3

Total household income (1000MMK) 1Y Beneficiaries vs Control 407,230 (344,958.30) -#
2Y Beneficiaries vs Control 1270.78*** (468.49) 2.5
2Y Beneficiaries vs 1Y Beneficiaries 10,103.96** (471.058) 2.3

Food security Fish consumption (kg/week) 1Y Beneficiaries vs Control 0.17 (0.39) -#
2Y Beneficiaries vs Control 1.11** (0.45) 1.5
2Y Beneficiaries vs 1Y Beneficiaries 0.84 (0.80) 2.0

Diet diversity (FCS score) 1Y Beneficiaries vs Control 28.73*** (4.42) 19.0
2Y Beneficiaries vs Control 31.39*** (4.69) 16.0
2Y Beneficiaries vs 1Y Beneficiaries 8.72** (3.48) 2.1

7 These patterns for total fish harvest are expected to some degree as 
Control producers in Shan region have much larger ponds than both 
1Y and 2Y Beneficiaries (Table 4).
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(Amankwah & Quagrainie, 2019) and training (Dam Lam 
et al., 2022), all of which were integral components of the 
study intervention. This positive effect of improved tech-
nology adoption on productivity and yields has been also 
observed in very diverse smallholder contexts beyond aqua-
culture (Dompreh et al., 2021b; Kolapo & Kolapo, 2021; 
Kumar et al., 2020; Obiero et al., 2019). In general, we would 
expect this because farmers exposed to improved technolo-
gies and support services, increase their capacity to utilize 
effectively production inputs, and avoid wastage and prac-
tices that could stifle pond productivity (Murshed-E-Jahan 
& Pemsl, 2011; Barrett et al., 2021).

However, it is not clear why the improved productivity 
occurs by year 2 and not immediately, and whether it will 
be sustained. For the former, we hypothesise that it might be 
because 1Y Beneficiaries generally have lower aquaculture 
experience (Table 4) prior to their exposure to the inter-
vention or that it took some time to get used to the proper 
implementation of the BMPs. Although it is as yet unknown 
whether these productivity gains can be sustained into the 
long term, our findings are encouraging considering that the 
probability of adopting agricultural technologies generally 
increases with the number of years technologies are exposed 
to farmers (Yigezu et al., 2018). Such longer production 

experience allows farmers to appreciate the intricacies of 
agriculture/aquaculture technologies, enabling them to 
practice and improve their use over time (Ainembabazi & 
Mugisha, 2014).

For the livelihood variables, beneficiary farmers in 
both regions and the pooled sample generally improved 
their total household income and fish revenue per unit area 
(Tables 6–8). In most cases the results were statistically sig-
nificant, and increase with a longer exposure to the interven-
tions, as shown by the consistently higher performance for 
these indicators among 2Y Beneficiaries compared to 1Y 
Beneficiaries. Conversely, and similar to some productivity 
outcomes discussed above, although the total fish revenue 
was on average lower for beneficiaries compared to Control 
producers for most comparisons (Table 5), the PSM estima-
tion shows a closing of the gaps with the Control produc-
ers for 2Y Beneficiaries (Tables 6–8). These results reflect 
the generally positive, but often differentiated, livelihood 
outcomes of exposure to aquaculture interventions (Karim 
et al., 2020; N’souvi et al., 2021; Filipski & Belton, 2018). 
For example, Karim et al. (2020) found that the introduc-
tion of improved aquaculture technologies increased farm 
productivities although with differentiated outcomes based 
on farmer location. Similarly, N’souvi et al. (2021) found 

Fig. 4  Summary of aquaculture intervention impacts by study site and group comparison



773Smallholder aquaculture interventions and food security 

1 3

that aquaculture technologies enhance the production and 
profitability of aquaculture enterprises.

Similar to productivity, it is not clear why we also observe 
for livelihoods such differentiation between groups and 
impact variables, and particularly lower performance of 
1Y beneficiaries. We believe that this partly relates to the 
generally larger pond sizes of Control producers (Table 4), 
resulting in more fish production for them and as a result for 
total fish revenue. However, the relatively similar total fish 
revenue per unit area of 1Y Beneficiaries compared to con-
trols may be attributed to their comparatively low experience 
with the adopted BMPs as discussed earlier for productivity 
impacts, which can manifest in lower overall pond output 
and thus lower fish revenue (Obiero et al., 2019).

For food security, results from the regional and pooled 
analyses suggest that exposure to the intervention has diver-
gent effects for the two variables we employed. The effect on 
weekly fish consumption was inconclusive, while the effect 
on diet diversity was significantly positive (Fig. 4). Notably 
the greater dietary diversity was stronger for 2Y Beneficiar-
ies (Tables 6–8). Below we offer some possible explanations 
about these divergent patterns.

First, the small and often insignificant effect of exposure 
to the intervention on weekly fish consumption for Y1 Ben-
eficiaries seems different from other small-scale aquaculture 
contexts that have recorded strong positive effects for fish self-
consumption (e.g. Dam Lam et al., 2022 One possible expla-
nation might be that by increasing their fish production and 
productivity, these beneficiary households tend to orient more 
towards market selling as evidenced by their generally higher 
revenue per unit area and total household income. This means 
that any fish productivity gains accruing from exposure to the 
intervention seem to be channeled towards external markets 
rather than household self-consumption, at least for 1Y Benefi-
ciaries. In any case all groups record generally average levels 
of fish self-consumption ranging between roughly between 1.5 
and 3 kg/week/household, which suggests that fish is not the 
main food item (Table 5).

Second, there are three possible and partly overlapping 
explanations about the observed improvements in dietary 
diversity, namely food purchases, crop diversity, and nutrition 
awareness. Regarding food purchase, as outlined in the pre-
vious paragraph, beneficiary households generally improved 
both their total income and aquaculture income per unit area 
(see also Ntiri et al., 2022; Filipski & Belton, 2018; Karim 
et al., 2020), which essentially increases their ability to pur-
chase a diversity of food options, as has been identified in 
other contexts (Kassam, 2014). Regarding crop diversity, a 
key element of the intervention was to provide seeds of dif-
ferent crop species to promote food production in pond dykes 
and home gardens (Sect. 2). The effective implementation of 
this integrated aquaculture-crop production model has been 

generally associated with improved dietary diversity in small-
scale aquaculture systems (Karim & Little, 2018). Regarding 
nutrition, the intervention contained a strong training element 
on the nutritional benefits of eating a diverse diet (Sect. 2).

These food security outcomes resonate with studies sug-
gesting that exposure to small-scale integrated aquaculture 
interventions can enhance aspects of food security among 
producers (Kassam, 2014; Aung et al., 2023; Dam Lam 
et al., 2022). Arguably, such positive food security outcomes 
can be leveraged through diversified training, which beyond 
putting an emphasis on fish self-consumption or the con-
sumption of diverse foods, also contains elements of healthy 
cooking and recipes to further improve the variety and uti-
lization of food consumed in households (El Bilbeisi et al., 
2022; Mortazavi et al., 2021).

Beyond these impacts, it is also important to note that 
the adoption of BMPs can have important ramifications 
for the intensification of small-scale aquaculture systems 
(Wang et al., 2023; Boyd et al., 2022; Schuur et al., 2022). In 
many group comparisons we find significant gains in yields 
and income generation from aquaculture for beneficiary 
groups, which are both strong indications of intensification. 
Although the intensification outcomes were not the focus of 
our study, such shifts can have ramifications for the environ-
mental footprint of aquaculture production systems (Boyd 
et al., 2022; Wang et al., 2023). Such studies are missing in 
Myanmar (Wang et al., 2023), and are a major knowledge 
gap that future work should seek to address.

5.2  Linking positive outcomes to intervention 
exposure and sustained adoption

One recurring theme in our analysis is that 2Y Beneficiaries 
have higher BMP adoption and performed better for practi-
cally all impact variables compared to 1Y Beneficiaries and 
Control groups, with most of the results being statistically 
significant (Tables 5–8, Figs. 3, 4). Considering that 2Y and 
1Y Beneficiaries received exactly the same support, when 
explaining this pattern we should remember that the fre-
quency of extension contact generally facilitates the better 
adoption/implementation of agriculture/aquaculture technol-
ogies (Adeoti et al., 2009; Kumar et al., 2018; Ragasa et al., 
2013) and that technology adoption is a dynamic process 
requiring time, training and a conducive system (Aramburu 
et al., 2019; Jones-Garcia & Krishna, 2021; Karim et al., 
2020; Kumar et al., 2018; Oyetunde-Usman, 2022). Con-
sidering these we believe that the better performance is due 
to 2Y Beneficiaries’ longer-term access to critical knowl-
edge through ‘learning-by-doing and learning from others’ 
(Caeiro, 2019; Foster & Rosenzweig, 1995), and access to 
extension support as part of a conducive system (Aung et al., 
2023; Karim et al., 2020).
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First, the intervention made a strong effort to organize 
farmers in groups, and create a collaborative and mutual 
learning environment within groups. After the end of an 
intervention, producers may not have achieved a perfect 
capability to implement the agricultural technology (aqua-
culture BMPs in this case). However, through continuous 
practice they can improve considerably their skills and con-
fidence in implementing the knowledge gained (Murshed- 
E-Jahan & Pemsl, 2011). More importantly longer engage-
ment with farmer groups through demonstration ponds 
and neighbor’s ponds can assist farmers to improve their 
knowledge through mutual support, under the assumption 
that individuals learn from neighbors, friends and peers, 
partly influenced by social pressure and mimicking of good  
behaviour (Foster & Rosenzweig, 1995).

Second, generally the intervention offered a compre-
hensive extension package in a country with few and low 
capacity aquaculture extension officers in public institutions 
(Karim et al., 2020), inability of poor farmers to access such 
services, and a political climate that often constrains the 
work of international organizations (Stokke et al., 2018). As 
shown in Table 4, the 2Y and 1Y Beneficiaries were exposed 
substantially more times to extension services and related 
support than Control producers. This likely improved their 
capacity to implement the BMPs (Joffre et al., 2017; Kumar 
et al., 2018), as several studies show that the frequency of 
exposure to extension enhances the adoption and impact of 
agriculture/aquaculture technologies (Feyisa, 2020; Masresha 
et al., 2017; Simtowe et al., 2011; Yigezu et al., 2018).

Finally, we note the relative parity in the gender of the 
household head for 2Y Beneficiary households (particu-
larly in the Shan state) compared to the much more male-
dominate control groups (Table 4). This is an optimistic 
sign for gender empowerment and livelihood benefits to 
female-headed households, especially when consider-
ing their generally lower and more unequal engagement 
in aquaculture activities and value chains (De & Pandey, 
2014; Kruijssen et al., 2018.

5.3  Implications and recommendations

Given the short term assessment we report here, we hope 
the gains made in terms of productivity, livelihoods and 
food security can be sustained following the conclusion 
of interventions in the absence of a conducive aquaculture 
system, but there could be a relapse to small-scale systems 
characterized by low productivity and lack of access to 
inputs/information (Filipski & Belton, 2018; Karim et al., 
2020). Avoiding relapses would require concerted efforts to 
sustain the adoption and proper implementation of small-
scale aquaculture BMPs, via a conducive environment that 
facilitates access to high quality inputs (e.g., fish seed, 
feed) and relevant information. Effective and continuous 

extension support to small-scale producers should be a 
central element of building such a conducive small-scale 
aquaculture environment, in Myanmar and other develop-
ing contexts. Two possible pathways to achieve this are (a) 
establishing effective collaboration between private and 
public institutions for extension service delivery, and (b) 
facilitating even stronger bonds between small-scale pro-
ducers through farmer-led organizations.

Regarding (a), the delivery of extension services is a key 
challenge for the aquaculture sector, both in Myanmar and 
elsewhere (Aung et al., 2023; Karim et al., 2020; N’souvi 
et al., 2021). Even with major aquaculture production hubs, 
extension services are often absent (CGIAR, 2018). This is 
particularly evident in Myanmar, where the national govern-
ment has identified the improvement and enhancement of 
extension service delivery as a strategic area for boosting 
rural development (MoALI & MAFF, 2017). However, these 
commitments are yet to materialize as extension agents are 
practically non-existent even in major aquaculture produc-
tion hubs (Karim et al., 2020; CGIAR, 2018). It might be 
possible to facilitate the longer-term provision of extension 
services through the closer cooperation of public institutions 
with private entities such as NGOs and private businesses 
(Aung et al., 2023; N’souvi et al., 2021). As different studies 
around the world have shown this will likely require con-
text-specific paradigm shifts in how extension is provided 
or even how small-scale production systems and markets 
operate (Aung et al., 2023; Girma & Kuma, 2022; Labarthe 
& Laurent, 2013; Ntiri et al., 2022), especially in a country 
like Myanmar where the government plays a strong role in 
most aspects of the economy.

With (b), in the possible absence of long-term extension 
services, there could be efforts during the initial intervention 
to organize farmers into well-structured producer groups. 
The establishment of producer groups can have a positive 
impact on the sustained adoption of improved technologies 
through motivation, shared risk management, trust, econo-
mies of scale on input purchase and benefits from shared 
learning among farmers (Abdul-Rahaman & Abdulai, 2018; 
Joffre et  al., 2020). Although the development of such 
groups is often an integral component of many relevant 
interventions (Dam Lam et al., 2022; Fenger et al., 2017), 
studies have shown that they usually stop operating properly 
following the end of interventions (De Prima et al., 2022; 
Hiller et al., 2016; ILO, 2017; Shilomboleni et al., 2019). 
By emphasizing during the early phases of interventions the 
need to ensure the long-term operation of producer-based 
organizations could facilitate the easier and quicker delivery 
of extension and shared learning (Joffre et al., 2020; Ntiri 
et al., 2022). Such groups can serve as effective platforms 
for continuous access to extension through the collective use 
of Information and Communication Technologies (ICT) for 
knowledge transfer (Ntiri et al., 2022).
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6  Conclusion

In this study we analyzed through the Propensity Score 
Matching (PSM) approach data from 379 small-scale aqua-
culture producers in Myanmar, to assess the impact of expo-
sure to an intervention that promoted Best Management 
Practices (BMPs) for aquaculture and nutrition-sensitive 
information for households through extension services. 
The focus was on seven impact variables that collectively 
reflected different aspects of pond productivity, liveli-
hoods and food security. The results show that exposure to 
the aquaculture intervention had a generally positive effect 
for most impact variables, with variable effects, however, 
among some variables and group comparisons. In particular, 
in terms of food security while beneficiaries had signifi-
cantly higher dietary diversity (measured as the Food Con-
sumption Score, FCS), there were no significant differences 
for fish self-consumption (measured in kg/week). Longer 
exposure to and use of such interventions over two years 
produced significantly higher positive effects across almost 
all seven impact variables compared to 1-year beneficiaries 
and control groups.

From these results we suggest that relevant stakehold-
ers should actively consider how to facilitate effective 
and consistent delivery of long-term extension services to 
small-scale aquaculture producers in Myanmar. Creating a 
conducive aquaculture system could prevent the return to 
small-scale systems characterized by low productivity and 
lack of access to inputs and information following the end 
of aquaculture interventions. This might require novel ways 
of extension delivery in the long-term but could certainly 
contribute significantly to many relevant rural development 
goals in Myanmar and beyond, including reducing poverty, 
achieving zero hunger, and providing decent work and eco-
nomic growth, all of which are significant aspects of the 
Sustainable Development Goals (SDGs).
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