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ABSTRACT. This study assesses farmers' perception towards good competitiveness practices (GCP) and explores
the factors affecting pig production efficiency in Vietnam. Using binary regression analysis, the study examined
variables that significantly affected the production efficiency of 260 pig farmers in Tra Vinh and Ben Tre
provinces. The results showed that most farmers were male with the majority working in pig farming as their
primary occupation (83.5%). The average age of farmers was 50 years, with the majority having less than ten years
of experience. Most farms used artificial insemination (91.9%) and received training (93.5%), although only
39.6% used automated equipment. In GCP, the perception of pork production and sales and financial
management of pig production were highly rated by farmers. However, the ability to expand business and
production scale were rated lower. Farmers focusing only on pig farming had a negative impact on production
efficiency. In contrast, experience and training positively affected production efficiency, emphasizing the value
of practical experience and knowledge through informal education. Additionally, perception of herd and farm
size in GCP were essential for improving pig production efficiency. These findings provide important insights for
improving the competitiveness and productivity of pig farming in the Mekong Delta.
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Introduction

Pig farming is an essential industry in Vietnam's agriculture, contributing significantly to millions of rural
households' food supply and income. The industry is experiencing rapid growth to meet the increasing
demand for pork. Still, it faces many challenges, such as price fluctuations, product quality requirements (Qui
et al., 2020), and increased competition from other suppliers (Jiang, 2009). To maintain and enhance
competitiveness, pig farms must improve production efficiency by applying advanced technology, better
management, and improved product quality (Distanont & Orapan, 2020; Smith et al., 2021). The pig industry's
sustainable development depends on farms' ability to adapt to changing environmental and market factors
(Qui et al., 2020) while improving productivity and production efficiency.

In Vietnam and worldwide, there are many methods and processes to increase productivity in agriculture. These
processes have positive effects on agricultural production. For example, the process of increasing productivity in
livestock (Hoang, 2020a), crops (Hoang, 2020b), aquaculture (Quyen et al., 2022), or more specifically, GAP or
VietGAP (Hoang, 2020b). To implement these processes, farmers need to have appropriate skills. Meanwhile, pig
farms' production capacity and competitiveness are affected not only by technical factors but also by sociological
factors (Guntoro et al., 2023). According to the research of Hoang (2020a), improving education, providing technical
training and credit services, promoting farmers use of information technology tools for marketing, and developing
extension services for livestock farmers are ways to facilitate farmers to apply VietGAP processes. Accordingly, these
factors partly influence the awareness and application of methods to increase farm competitiveness. According to
Bachev (2021), good competitiveness implies that a farm: (1) produces and sells its goods and services efficiently to
the market; (2) manages its finances effectively; (3) adapts to changing markets, institutions, and natural
environments; and (4) is sustainable over time. Furthermore, innovation, productivity, and competitiveness are
closely linked (Elias & Evangelos, 2016); due to a lack of profit and capital, farmers are unable to invest in their farms
with advanced technologies that can increase competitiveness. To survive and succeed, farmers must find
competitive and sustainable farming methods to improve their livestock performance (Nybom et al., 2021).
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In addition, according to research by Phung and Dao (2024), many complex factors influence farmers'
decisions to adopt sustainable agricultural development policies to bring profits and efficiency to livestock
farming, including socioeconomic status, demographic characteristics, and access to institutional services.
The age of livestock farmers can affect their ability to access and adopt new technologies. Education level is
also an essential factor in improving production efficiency. Experience in the industry also plays an important
role. In addition, participation in support or cooperation groups can provide valuable knowledge, experience
sharing, and resources, contributing to improving farm competitiveness. These are also shown in previous
studies (Vu et al., 2019). Adopting technology and automated equipment is also related to sociological factors;
Those with good support networks are more likely to access and use new technologies (Diaz et al., 2021).
Understanding the sociological factors that influence production efficiency is essential to developing
strategies to improve productivity and competitiveness in the pig farming industry.

This study aims to investigate the influence of sociological factors and farmers' perceives of competition on
production efficiency and competitiveness within Vietnam's pig farming sector, addressing existing challenges and
gaps in the literature. The influence of sociological elements, including farmers' demographics, education,
experience, and social networks, on agricultural output has been insufficiently examined, despite numerous
research focusing on technical aspects. This study seeks to determine key factors of productivity and
competitiveness to enhance farm production efficiency in Vietnam's pig farming sector.

Materials and methods

Location

The study was conducted in two provinces, Tra Vinh and Ben Tre, in the Mekong Delta, for five months
from February to July 2024. The number of pigs recorded in these two provinces reached 225.7 and 301.1
thousand heads (General Statistics Office, 2023). Located on the route to Ho Chi Minh City, one of the largest
markets in Vietnam, the pig farming industry of the two provinces has many outstanding points in terms of
output and quality. It somewhat represents the pig farming situation of the provinces in the Mekong Delta.

Sampling methods

The study was conducted in 2 provinces with a sample size of 270. It was conducted in 3 districts in each
province, namely Cang Long, Tra Cu, Tieu Can for Tra Vinh Province and Giong Trom, Mo Cay Nam, Mo Cay
Bac for Ben Tre province. The random sampling method was used, with each district having a sample size of
45. The study used a survey questionnaire to record information about farmers. With a total of 270 samples
issued, the total number of required questionnaires was 260, so the number of samples used for data
processing was 260. The remaining 10 questionnaires were not collected due to prevalent problems in survey-
based research. Included in this are non-responses, wherein certain respondents may have opted not to
complete or submit the questionnaire due to disinterest or time constraints. Additionally, certain questions
may have been excluded due to inaccurate or incomplete responses. Such challenges are prevalent in field
studies and do not significantly affect the overall validity of the data. The number of samples for the study is
consistent with the study of Levine and Stephan (2010); a minimum of 30 samples for each survey unit is
appropriate. In addition, the sample was selected according to the following requirements: (1) farmers must
have at least five years of experience in pig farming or participating in farm activities, and (2) farmers must
have at least five pig units. This ensures that farmers will have basic knowledge about pig trading and
production and that pig farming is one of their main jobs, not a side job. Besides, farmers will think it is part
of their income and pay more attention to their pig farms.

Moreover, farmers will tend to work and think about their farms. Besides, the number of pigs in small-scale
farms is large enough to think about farming business. The survey questionnaire was used in Vietnamese and
translated into English (Qui et al., 2020). The survey questionnaire includes the following contents:

The first part asks about the socio-demographic information of farmers, including information on age,
gender, farm labor, education level, principal occupation, experience, and training (Table 1).

The second part asks about the production status of the farm, the number of pigs on the farm, the source
of pigs imported, the breeding technique, the time of raising, the equipment on the farm, and the distance to
the market. The third part asks about the people's perception of the implementation of good competitiveness,
including four variables: average score of perception (AVG1) was producing and selling their goods and
services effectively to the market using 2 questions to assess; average score of perception (AVG2) was
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managing their finances effectively using 3 questions to determine; average score of perception (AVG3) was
adapting to changing markets, institutions, and natural environment using 2 questions to assess; and average
score of perception (AVG4) was sustainability over time using 2 questions to determine.

Data analysis

The study evaluated the variables using descriptive and binary regression methods. The data were
processed descriptively using SPSS 26.0 data processing software (IBM Corp, Armonk, NY, USA). The variables
used in the questionnaire were defined as follows:

Table 1. Definition of variables used to determine the impact on production efficiency.

Age Age of the participant in years from birth to the time of survey (continuous variable)

Biologically distinguishing characteristics of participants based on male or female sex. In this case, gender may

Gender influence roles and responsibilities in agricultural activities, especially in pig farming (dummy variable, 1 is

male, 0 is female)
Labor Labor is a continuous variable and reflects the farmer's involvement in livestock production.

Education The level of formal education the participant has completed (categorical variables from 1 to 4 according to levels

from primary to university), knowledge of livestock techniques, and application of new production methods.
Occupation The participant's primary occupation, including agricultural or non-agricultural labor, can be pig farming or off-

farm work (dummy variable, 1 is pig farmers, 0 is off-farm job).
Experience The number of years the participant has worked in the pig farming sector (continuous variables)
The number of pigs the participant owned or managed during the survey. This categorical variable is usually

Pig Herd Size divided by size, with 1 being less than 10 pigs, 2 being 10-20 pigs, 3 being 21-30 pigs, and 4 being over 30 pigs.
. Participant's participation in training on livestock farming techniques. This variable helps determine whether
Education - . . . .
the farmer has specialized knowledge and skills to improve livestock productivity.

Raising Time The time the participant spent raising pigs in months or years. This is a continuous variable.
Automated The status of using automatic equipment in the pig farming process, such as automatic feeding or cleaning
Equipment systems, uses a dummy variable (1 means using automatic equipment, 0 means not using).

Good Good competitiveness included four variables, with the degree of perception from 1 to 5, of the farmer's rate
competitiveness (AVG1, AVG2, AVG3, and AVG4).

Production productivity is calculated from the variables presented in Equation 1. According to the study
(Zelenyuk, 2023), in economics, productivity is often assessed by examining the ratio of output to input, but
not always. When a single output, a, is produced from a single input, b, productivity can be easily understood.
It can be precisely expressed as the ratio of output to input; the term used to describe this measure is single-
factor productivity. It can be calculated at a particular time t using Equation 1:

Productivity = a, /b, 1)

The measure of productivity changes in such simple environments can then be simply defined as the
productivity ratio of a factor over a period, which can be rearranged as the ratio between the output index
(VND) and the input index (VND), Equation 2:

Productivity = Output / Input = Total pig revenue / Feed, piglets, services 2)

Inputs include factors related to production costs (feed, piglets, veterinary services, electricity, and water), and
outputs are revenues from pig sales. Specifically, feed: the cost of purchasing pig feed per cycle. Piglet price: The
cost of purchasing piglets per cycle. Veterinary costs: The cost of veterinary services per cycle. Electricity and water
costs: Using electricity and water during the production process per cycle. Outputs include Pig market price: The
average revenue from selling pigs after each cycle. The production cycle was average of 5 months in small-scale pig
farmers in Mekong delta of Vietnam in 2025 (Qui et al., 2025).

In addition, after calculating the productivity of pig farms according to Equation 2, the study will convert this
result into production efficiency, in which a ratio > 1 is considered efficient and a ratio < 1 is considered inefficient.

The data were processed using the binary logistic regression (BLR) method to assess the impact of
independent variables X (n=1,....n) on the dependent variable Y of the study. Specifically, we can write it
according to the formula Equation 3:

LOg (P /1- P) =Y =by + bi1X; + b Xy +...+ biXy (3)

where log(P / 1 - P) or Y is a probability of the formula; X is the predictor/independent variable; b is the
regression coefficient; X(1-n) are independent variables.
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In the present study, the dependent variable (Y) is the productivity of pig farms, which is calculated and
converted into a dummy variable after calculating the farm's productivity (efficient or inefficient). The
independent variables (X,) include: X;: age; X,: gender; Xs: labor; X4: experience; X;s: education level; X¢: main
occupation; X;: pig herd size; Xs: training; Xo: raising time; X;o-Xi4: 4 variables of perception of farmers
towards good competitiveness practices.

From the above variables, we can establish a specific formula as follows (Equation 4):

Y =bo + biXj + bXp+... + b1aXi4 4

where: Y is the probability of farm efficiency, including efficiency or inefficiency; X; to Xi4 are the independent
variables, as mentioned above; b is the regression coefficient.

In the present study, the binary logistic regression (BLR) method is used to explore the impact of
independent variables which are showed above on the dependent variable which is farm efficiency. The result
is expected to be an increase or decrease in one of the dependent variables, leading to an increase or decrease
in the production efficiency of pig farms.

Results and discussion

Social profiles and production characteristics in small-scale pig farms

Table 2 presents factors related to pig farming activities. The farmers have an average age of 50.20 * 7.260 years.
Regarding gender, the proportion of males (85.8%) is more dominant than that of females (14.2%). The average
number of laborers in a farm is 1.50 = 0.606 people. In terms of educational level, most farmers have completed high
school (69.6%), while lower levels of education account for a smaller proportion (primary school: 5.4%, secondary
school: 20.0%, university: 5.0%). The main occupation of farmers is mainly pig farming (83.5%), with only 16.5% of
farmers working outside of agriculture. The average experience is less than ten years (10.78 * 6.865 years). The
distance from the farm to the nearest market is less than 4 km (3.468 + 1.915 km). In terms of pig unit size, most
households have 10-20 pig units (38.1%), while farms with smaller (less than ten units) or larger sizes (more than ten
units) are unevenly distributed. Pigs are mainly sourced from outside the farm (60.8%), and artificial insemination is
widely used (91.9%). Most farmers have attended training in pig farming (93.5%). The average pig-raising time is 5.050
*(0.616 years, and about 39.6% of households use automatic equipment in pig farming, while 60.4% do not.

Table 2. Sociological and production information at the pig farm.

Criteria Categorical Results
N Percentage
Age 50.20+7.260
Gender Female 37 14.2
Male 223 85.8
Labor 1.50£0.606
Primary school 14 5.4
. Secondary school 52 20.0
Education High school 181 69.6
Bachelor 13 5.0
Occupation Off-farm jobs 43 16.5
Pig farming 217 83.5
Experience 10.78+6.865
Distance <4 km 3.468+1.915
<10 unit 62 23.8
Pig unit 10-20 unit 99 38.1
21-30 unit 23 8.8
>30 unit 76 29.2
Pig sources In farm 102 39.2
Outside farm 158 60.8
Breeding Artificial insemination 239 91.9
Others 21 8.1
Training Non-training 17 6.5
Training 243 93.5
Raising time 5.050£0.616
Automatic equipment No 157 60.4
Yes 103 39.6
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Figure 1 shows the production efficiency of small pig farms. Accordingly, 81% of the farms are assessed as
efficient in production, while the remaining 19% are inefficient. The significant difference between these two
groups shows that most small pig farms have achieved significant production efficiency in terms of cost-
benefit ratio.

Production efficiency at small pig farms

31%

» Inefficency Efficiency

Figure 1. Production efficiency ratios on small-scale pig farms.

Regarding socioeconomics, the study's results are similar to those of previous studies (Qui et al., 2020,
2021). The pig farming group is mainly middle-aged males, indicating that this is a job that requires physical
labor and farm management experience, and may also reflect that females are less involved in this industry
due to the heavy activities of the work (Guntoro et al., 2023; Qui et al., 2021). With a relatively small number
of household laborers and a high school education level, it can be seen that pig farming is a suitable occupation
for small-scale households with self-managed activities and does not require too high a level of expertise.
Most of the pig farmers have less than ten years of experience, which suggests that many may be new to the
pig industry or have not had much time to accumulate knowledge. Short distances from the farm to the source
of input materials indicate that farmers have easy access to markets and necessary materials (Linh et al., 2022),
which is favorable for maintaining production activities. The fact that most farmers use external pig breeds
may explain that they have not yet produced their pig breeds or have not had enough conditions to develop a
closed process. Although artificial insemination is used and many farms have participated in technical
training, the use of automatic equipment is still limited. This may reflect that, although farmers have access
to new techniques, they still have difficulty modernizing the entire production process, possibly due to
financial constraints or the ability to invest in technology (Dhraief et al., 2019).

Perception of farmers towards good competitiveness practices

Table 3 shows the farmers' perception of good competitiveness practices to improve the competitiveness
of pig farms. Accordingly, the production and consumption of pork products in the market are assessed as effective
with a high average (AVG1 = 4.215 * 0.496), indicating a consensus on production efficiency. Financial
management in pig production is also highly appreciated by farmers, reflecting a positive perception of economic
efficiency (AVG2 = 3.843 = 0.362). The ability to adapt to market, institutional, and natural changes is assessed
positively, indicating that new technologies and information play an essential role in improving efficiency (AVG3
=4.142 * 0.333). However, the ability to expand and develop the pig business in the current period is rated lower,
showing difficulties in improving the scale and competitiveness of the industry (AVG4 = 3.463 = 0.539).

In addition, through the research results on farmers' perception of good competitiveness practices, we can
see that farmers understand the market and the influence of the market on pig production efficiency. This is
also shown in the study of (Wongnaa et al., 2023). In addition, financial management in livestock farming
shows that livestock households have achieved specific efficiency in optimizing financial resources, which may
come from optimal management. The ability to adapt to the institutional and natural environment indicates
that pig farms have recognized the importance of applying new technology and market changes to improve
efficiency. This is similar to the study of (Zabatantou et al., 2023). However, the ability to expand and develop
the business to increase competitiveness is rated lower, possibly due to challenges in investment capital,
infrastructure, and competition in the industry (Rosanowski et al., 2023). This shows that, although farmers
are well perceived as the critical factors in improving competitiveness, they still face difficulties in developing
scale and expanding the market, especially when unfavorable financial barriers and market conditions.
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Table 3. Levels of pig farmers' perception towards good competitiveness practices.

Degree of perception

Statements 1 3 3 1 S
The market price will affect the hog price - - 6.2 719 219
Swine production will be more competitive if the market availability increases - 4.6 7.3 442 438
AVG1 4.215+0.496
Reduce production costs by increasing integrated farming - 0.8 20.0 73.8 5.4
Increase productivity by applying technologies such as automatic feeders, drinkers, artificial . ) 162 812 97
insemination ’ ’ ’
Work in a group of farmers to increase competitiveness/control the price of hog - - 21.5  74.2 4.2
AVG2 3.843+0.362
Directly sell hog/pork to the market to increase the price and profit - 0.4 3.8 88.5 7.3

Access to the information on hog/pork prices daily through social media, information channels,

institution prediction ) 100 542 358

AVG3 4.14240.333

More swine on the farm increases competitiveness - - 250 623 127

Farmers can expand farm size and swine herd to increase competitiveness - 32.7 319 33.1 2.3
AVG4 3.463+0.539

The relationship of social profiles-perception of farmers and pig production efficiency

Table 4 highlights the results of the binary regression analysis of the factors affecting the production
efficiency at the farm. The model explained 26.9% of the variance in the outcome variable. The main
occupation of pig farming shows a significant adverse effect on production efficiency with a coefficient of B =
-1.763 (p = 0.035), indicating that pig farmers with no off-farm jobs have more difficulty in achieving high
efficiency, possibly due to the complexity and high costs associated with this activity (Exp(B) = 0.172).
Experience in the pig industry also plays an important role, with each additional year of experience increasing
the likelihood of achieving production efficiency (B = 0.080, p = 0.033; Exp(B) = 1.083), emphasizing the need
for expertise to improve production results.

Table 4. Regression analysis results of the model.

Binary regression analysis

Criteria

B S.E. Wald df Sig. Exp(B)
Age -0.028 0.027 1.048 1 0.306 0.972
Gender
Male 0.128 0.510 0.063 1 0.802 1.136
Education 2.628 3 0.453
Secondary school 0.441 0.897 0.241 1 0.623 1.554
High school 1.104 .942 1.374 1 0.241 3.016
Bachelor 0.606 1.197 0.256 1 0.613 1.832
Main occupation
Pig raising -1.763 0.836 4.449 1 0.035 0.172
Experience 0.080 0.037 4.564 1 0.033 1.083
Swine unit 0.023 0.204 0.013 1 0.910 1.023
Training for swine 2.046 0.806 6.439 1 0.011 7.736
production
Raising time -0.580 0.351 2.723 1 0.099 0.560
Automatic equipment -0.310 0.383 0.656 1 0.418 0.733
application
Good competitive practices
AGV1 0.090 0.384 0.055 1 0.815 1.094
AGV2 0.840 0.515 2.664 1 0.103 2.317
AGV3 0.916 0.545 2.819 1 0.093 2.498
AGV4 -0.898 0.378 5.646 1 0.017 0.408
Constant -0.420 4.152 0.010 1 0.919 0.657

Noted: Nagelkerke R? = 0.269; sig: 0.000.

Pig farming training has a strong positive effect on production efficiency, with a coefficient of B = 2.046 (p =
0.011; Exp(B) = 7.736), indicating that participation in intensive training courses can significantly increase farm
production efficiency. In addition, expanding the pig herd size to improve farm competitiveness reduces farm
production efficiency by 0.898 times, holding other variables constant. Other factors such as gender, education
level, automatic equipment, and good competitive practices do not significantly affect this analysis model.
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Y =-0.420 + (-1.763 x Pig raising) + (0.080 x Experience) + (2.046 x Training for swine production) + (-0.898 x AGV4).

Pig farming as a primary occupation has a negative impact on production efficiency. This result suggests
that those whose primary occupation is pig farming often have more difficulty achieving high production
efficiency. Previous studies have shown that pig farming is an activity that requires a considerable investment
of time, skills, and finances (Malak-Rawlikowska et al., 2021). High input costs, fluctuating market prices, and
disease-related risks may make it difficult for specialized pig farms to achieve stable production efficiency
(Qui et al., 2020). In addition, those who focus solely on pig farming without other sources of income may lack
the flexibility to adjust their production strategies as the market changes. Participation in off-farm work can
reduce liquidity constraints faced by farms and thus can lead to higher productivity and improved farm income
(Anang & Apedo, 2023). Furthermore, research by (Tran, 2015) shows that doing extra work outside of pig
farming will also increase farmers' income, which can then increase investment in technology or capital that
is beneficial for improving the efficiency of agricultural land production later.

Experience in pig farming has a positive effect on production efficiency. This result shows that each year
of pig farming experience significantly increases the likelihood of achieving higher production efficiency.
Farmers with many years of experience can handle emerging problems more effectively and optimize the
farming process. Previous studies have emphasized the importance of experience in helping farmers solve
complex issues in farm management and technology adoption (Qui et al., 2021). Experienced farmers are often
better able to cope with market fluctuations and diseases (Wang & Hu, 2023), as well as optimize resource use
to improve productivity and product quality. Experience also plays a vital role in improving production
efficiency through improving management and decision-making skills and developing stable market
relationships (Malak-Rawlikowska et al., 2021). Studies have shown that men with higher incomes and more
experience are less likely to face challenges and are more likely to adopt sustainable agricultural practices or
practice alternative methods than their counterparts (Priya & Singh, 2024). In addition, years of accumulated
professional experience help farmers evaluate technical information more effectively than those with less
experience (Quy & Ha, 2023).

Pig farming training has a strong positive effect on production efficiency. This result emphasizes the
importance of exercise in improving production efficiency. Training courses on livestock farming techniques
and animal health care help farmers grasp new methods, reduce risks, and improve livestock farming efficiency
(Qui et al., 2020). According to previous studies, livestock training provides knowledge about advanced
techniques and helps farmers improve their financial management skills, optimize production costs, and
increase market access (Dione et al., 2020). In addition, training sessions also help people better understand
pig farming techniques, apply biosecurity measures, and help limit disease (Dione et al., 2020), thereby
improving pig herd productivity and bringing high farming efficiency.

In addition, the perception of expanding the pig herd to increase competitiveness has a negative impact
on farming efficiency. This may demonstrate that, according to pig farmers, expanding the scale and
increasing the number of pigs cannot increase competitiveness, thereby not improving farming efficiency.
According to (Maes et al., 2020), the benefits of increasing the herd and expanding the scale of farming are
increasing competitiveness, reducing potential impacts on the environment, thereby increasing productivity
and the ability to manage the quality of the entire production process strictly and are often applied in large-
scale farms. However, in the current study, the implementation of measures to increase competitiveness at
the household level cannot be met due to small-scale farming conditions, and expanding the scale is not yet
at a level that can bring about significant changes and requires a lot of investment capital. In addition,
according to small-scale farmers, expanding the herd and farm scale will somewhat reduce economic
efficiency due to the high initial costs. The reason may be because farmers often need capital to adopt new
technologies and purchase inputs in larger farms. However, small-scale farmers face financial constraints,
coupled with low incomes and high costs, requiring the use of agricultural credit (Kumari & Garg, 2023; Khan
et al., 2024). In addition, smallholders also usually depend more on family labor than on large-scale farms
that have to pay outside workers, which might help to cut running expenses. Small farms are also more
adaptable and can fast adjust to changes in the market or unanticipated challenges as they depend on family
labor. Furthermore, small farms can maximize resources and byproducts. Large farms may, however, have
declining returns due to their higher fixed costs, more complex management needs, and increased sensitivity
to systemic hazards.
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Other factors did not significantly impact the study, which is consistent with other studies on pig farms in
the Mekong Delta (Qui et al., 2020, 2021). Good competitive practices, including market, finance, and
environment, did not significantly impact this analysis (this does not mean that they are not necessary in
other contexts). In addition, many studies have shown that education level can affect the ability to adopt new
technologies, while the use of automated equipment can help reduce labor and production costs. However, in
the specific context of this study, these factors may not have had a strong enough impact or may not have
been widely applied in the farming community participating in the survey.

Conclusion

It can be concluded that a range of factors affect production efficiency in pig farms. The main occupation
of pig farming had a significant negative impact on efficiency, possibly due to high operating costs and the
complexity of the production process. However, industry experience and participation in pig farming training
both had positive impacts, indicating the importance of specialized skills and knowledge in improving
efficiency. In addition, other factors, such as pig herd size, tended to reduce production efficiency with
expansion. In contrast, factors such as gender, education level, and automated equipment did not have
significant effects. These results highlight the importance of carefully considering social and technical aspects
to improve efficiency and sustainability in the pig farming industry, especially for small-scale farmers.
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