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We found that the challenges faced in production and selling processes substantially 

positively affect the likelihood of food insecurity likelihood among livestock 

smallholders in the Philippines. Nevertheless, these challenges' impact depends on 

the degree of food insecurity.

The market plays a crucial role in facilitating not only livestock trading but also 

livestock production (e.g., purchase of feed and medicines).

Market mechanisms can be used to alleviate food insecurity among livestock 

smallholders.
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Abstract

Context: Food security is one of the major concerns in the Philippines. Although livestock 

and poultry production accounts for a significant proportion of the country’s agricultural 

output, smallholder households are still vulnerable to food insecurity. 

Aim: The current study aims to examine how livestock production and selling difficulties 

affect smallholder households’ food-insecure conditions. 

Methods: The study employed the Mindsponge Theory as its theoretical foundation for 

constructing the models. Subsequently, it applied the Bayesian Mindsponge Framework 

(BMF) analytics to analyze a dataset sourced from the Food and Agriculture Organization’s 

Data in Emergencies Monitoring (DIEM) system. Key variables in the dataset were 

transformed into indicators, enabling a detailed examination of smallholder livestock 

farmers' difficulties in production or selling over the past three months. Production 

difficulties include hurdles in raising and producing livestock, covering aspects like resource 

acquisition, animal health, and breeding. Selling difficulties involve obstacles in selling 

livestock products, including issues related to market access, pricing, and transportation. 

Key results: Production and selling difficulties significantly adversely affect food security in 

the Philippines, with varying impacts according to the severity of food insecurity. In 

particular, production and selling difficulties equally affect the households’ likelihood of 

eating less healthy and nutritious food. However, the production difficulties have more 

negligible impacts on the possibility of skipping meals and even ambiguous impacts on the 

likelihood of not eating for a whole day compared to the effects of selling difficulties. 

Moreover, we also found that the market plays a crucial role in facilitating not only livestock 

trading but also livestock production (e.g., purchase of feed and medicines). 

Conclusions: Our research highlights the complex connection between livestock, markets, 

and food security within the Philippine setting. It emphasizes the significant impact of selling 

difficulties, particularly the heavy reliance on nearby local and regional markets, in 

exacerbating the severity of food insecurity. 

Implications: Based on these findings, we suggest that the livestock market needs to be 

expanded and regulated to balance livestock products and services used for livestock 

production and facilitate the product-exchanging mechanism.

Keywords: market, agricultural households, food security, Mindsponge Theory, information-

processing, livestock trading

“— Wherever there is food, there is freedom!”

In “Dream”; (Vuong 2022a)
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1. Introduction

Food security is “all people, at all times, have social, economic, and physical access to 

sufficient, safe, and nutritious food that meets their dietary needs and food preferences for 

an active and healthy life” (Food and Agriculture Organization 1996; Lin  2022). The 

requirement to produce more food aligns with the global priority of achieving food system 

sustainability, acknowledging the global concern regarding the food 'problem' (Garnett 

2014). This is particularly important, considering the four main pillars of food security 

outlined by Lin  (2022): food availability, access to food, the stability of food supplies, 

and food utilization. The problems that arise in any pillar can lead to food insecurity. 

1.1

Food insecurity is a critical global public health issue, primarily affecting developing 

countries due to poverty (Abafita and Kim 2014; Shakeel and Shazli 2021; Mazenda  

2022). Developing nations account for a significant portion of the world's undernourished 

population, with 850 million out of 868 million people facing undernourishment (Rupasi

 2014), creating a substantial gap between global demand and development. As the global 

population is expected to reach about nine billion by 2050, the demand for animal products 

is projected to quadruple, adding further stress to food systems (Kharas 2010). 

The Food Security Information Network estimated that 258 million people in 58 

countries/territories (22.7% of the analyzed population) faced acute food insecurity in 

2022, further emphasizing the severity of the situation (Food Security Information Network 

2023). The challenges of food insecurity were exacerbated by the COVID-19 pandemic, 

which paralyzed the global food supply chain from farm to fork due to lockdowns (Torero 

2020). Even in the United States (US), the world’s leading economy, 34.4% of households 

with  old were reported to be food insecure by the end of April 2020, 

doubling 2018’s proportion of 15.1% (Bauer 2020). Food insecurity is even worse in 

developing countries, including the Philippines. According to the Rapid Nutrition 

Assessment Survey (RNAS) conducted by the Food and Nutrition Research Institute, around 

62.1% of Filipino households faced moderate to severe food insecurity during the COVID-19 

pandemic (Food and Nutrition Research Institute 2021).

Various studies provide insights into global food security dynamics. Premanandh (2011) 

focuses on weather conditions, farming methods, land allocation, and government policies, 

offering knowledge of global food security challenges. Meanwhile, Banks  (2021) 

conducted a thorough exploration, unraveling complex interconnections among socio-

economic intricacies, household spending patterns, the impact of International Monetary 

Fund (IMF) programs, and environmental considerations, such as climate change, loss of 

farmland, and trade restrictions. These factors directly impact food security among 

smallholder farmers (Mayberry  2020; Shuvo  2022). Additionally, Amao  

(2023) shed light on the distinct influence of crop diversity, food expenditure, asset 
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ownership, and geographical location on the food security issue in Nigeria. Aligning with 

these insights, the joint report by FAO (2023) further emphasizes global challenges related 

to food security, highlighting the dynamics of high food purchases across the rural-urban 

continuum.

1.2. Agriculture and Livestock Dynamics in the Philippines
In the face of global food security challenges, a closer examination of the Philippines reveals 

distinct vulnerabilities and dynamics. The agricultural sector employs 29% of the country's 

labor force, contributing 9% to the GDP (Barroga  2020). Crops dominate production at 

49%, while livestock and poultry closely follow at 25%  (Barroga  2020). Over the past 

30 years, pig and poultry production surged by 195% and 332%, paralleling an 85% increase 

in the human population. Livestock production in the Philippines adopts a dualistic approach 

involving smallholder and commercial systems, with smallholders managing the majority. 

Smallholder production typically involves ownership of fewer than 21 adult animals or 

fewer than 41 young animals (Philippine Statistics Authority 2013; Alawneh  2014).

Within these dynamics, Philippine smallholder livestock producers encounter both 

challenges and opportunities. The increasing demand for nutrient-dense diets and animal-

origin proteins, fueled by population expansion, urbanization, income growth, and dietary 

changes, presents avenues for smallholders to alleviate poverty. Developing strategies for 

greater entry and sustained profitability within expanding livestock markets offers 

promising prospects for these farmers (Lapar  2003; Akasha  2021). 

However, despite the potential to contribute to national food security (Roxas 1995), 

smallholder livestock producers in the Philippines encounter high risks of food insecurity. 

According to the World Food Programme Philippines's Food Security Monitoring survey in 

October 2022, around 25% of agricultural households experienced food insecurity, 

compared to only 9% of non-agricultural households (Cruz 2022). Challenges further 

intensified with the emergence of African Swine Fever (ASF) in 2019 and the COVID-19 

pandemic in 2020. The pandemic disrupted livestock, poultry, and dairy logistics and access 

to conventional market outlets, impacting the entire supply chain. Simultaneously, ASF 

wreaked havoc on the swine industry, affecting as many as 12 regions, 50 provinces, and 541 

cities/municipalities in the Philippines (FAO 2021; Briones and Espineli 2022). Due to the 

reduced income, agricultural households are more likely to adopt coping strategies to 

overcome food insecurity, such as borrowing money for food, purchasing food on credit, and 

spending savings. When the livestock smallholder farmers still have to borrow money for 

food or purchase food on credit, their contribution to maintaining national food security will 

be limited (Cruz 2022).

1.3. Market Participation and Livestock Farming Challenge
Market participation among smallholder farmers plays an important role in addressing 

global food security challenges. However, this process encounters numerous obstacles and 

complications despite its potential benefits. Previous studies intricately explore factors 

affecting market participation. The transformative potential of market engagement, 
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emphasized by Arias  (2013) and Akrong  (2021), is finely shaped by age, gender, 

education, and farm output. Insights from Cele and Mudhara (2022) and Haile  (2022) 

contribute to understanding nuanced influences on participation decisions, revealing that 

elements like access to market information, output prices, and external factors significantly 

influence choices. Poole (2017) expands this perspective, illustrating how market activities 

by smallholder farmers are interconnected with broader environmental, economic, and 

resource management considerations.

Therefore, the current study aims to explore how the constraints faced by smallholder 

farmers influence their food insecurity, specifically examining whether production or trade 

constraints have a more severe impact. Using the Philippines as a case study, understanding 

the main factors contributing to the food insecurity of smallholder farmers will enable 

policymakers and governmental agencies to plan and implement appropriate policies and 

programs that can alleviate smallholder farmers’ food insecurity and improve their food 

production efficiency.

Specifically, the study’s analysis was separated into two main parts: statistical and 

descriptive analyses. For the statistical analysis, we employed the Bayesian Mindsponge 

Framework (BMF) analytics (Nguyen  2022). Specifically, the Mindsponge Theory, an 

information-processing theory, was used to reason how the difficulties of smallholder 

farmers (i.e., production and trading difficulties) affect their food insecurity (Vuong 2023). 

Then, a Bayesian analysis was conducted on the dataset provided by the Food and 

Agriculture Organization to validate our theoretical assumptions and reasonings. Then, we 

employed descriptive analysis to identify factors causing the production and trading 

difficulties of the households.

2. Methodology

The current study employed the Mindsponge Theory as the theoretical foundation for 

constructing the models (Vuong 2023). It was originally referred to as the mindsponge 

mechanism, a conceptual framework explaining the dynamics of an individual’s and 

organization’s acculturation and global thinking (Vuong and Napier 2015). Later, by 

incorporating evidence from life and neurosciences, the mechanism is upgraded into theory. 

Mindsponge Theory is an information-processing theory that explains how a mind absorbs 

and processes information. The theory has been employed in multiple studies in various 

psychological and social disciplines  (Lu  ; Kumar  2022; Nguyen and Jones 2022a, 

2022b; Ruining and Xiao 2022; Tanemura  2022; Vuong  2022a; Asamoah  

2023; Cheng  2023; Santirocchi  2023; Vuong  2023). 

Vuong (2023) suggests that “while the theory is mainly used to examine the human mind, all 

living systems can be considered “minds” in a broad sense – information collection-cum-

processor – including organisms, biological systems, and societies of various complexity 
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levels”. This feature of the theory stems from the fact that the mindsponge theory was 

constructed based on evidence ranging from human perception and cellular levels to societal 

levels using three major mathematical reasoning tools: generalization, specialization, and 

analogy (Pólya 1954). Some studies have used mindsponge-based reasoning to explain 

information processing at the collective level (Vuong  2021; Vuong  2022a). 

In the current study, through the lens of mindsponge theory, we view a household as an 

information collection-cum-processor, or a collective mind that all household members 

constitute. Such mind (or information-processing system) mirrors natural patterns in the 

biosphere, is dynamically balanced, involves cost-benefit optimization, follows the principle 

of energy saving, has a goal(s) and priority, and aims for the prolongation of the system’s 

existence. 

For the system to maintain its existence, energy is required. In the case of livestock 

smallholder farmers’ households, food is required to sustain the survival of the household’s 

members (or to prolong the system’s existence). To obtain food, they need to exchange 

information with the surrounding environment, either by producing the food themselves 

(i.e., rearing livestock) or exchanging it with other households, traders, and suppliers (i.e., 

trading at the market) (Vuong  2022b). As the livestock smallholder farmers’ collection 

of information is optimized for rearing livestock (Nguyen  2023), they tend to buy 

rearing resources from the market (e.g., feed, medicines, etc.) to produce livestock for self-

sustaining and sell for money (which is used for later trading in the market). 

Multiple factors can contribute to the information-exchanging processes of households to 

obtain food. Among them, information availability and accessibility are two common 

elements. Information availability refers to the physical existence of the information in 

reality, while information accessibility refers to whether the households can discern and 

access the information if it exists. Therefore, when the information required for livestock 

production (e.g., knowledge, feed, medicines, etc.) is lacking and cannot be obtained from the 

market (e.g., due to high prices, etc.), the production and subsequent trading processes are 

adversely affected. As a result, the food intake of the household will decline, increasing the 

likelihood of food insecurity (see Figure 1).

<<< Insert Figure 1 here >>>

Specifically, several studies have linked the production and trading difficulties to the 

effectiveness and efficiency of livestock. According to Balehegn  (2020), the greatest 

challenge in developing the livestock industry in many low-to-medium-income countries 

(LMICs) and achieving food and nutritional security is the lack of a sufficient supply of high-

quality feed. The availability of adequate livestock feed is a challenge that requires farmers 
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 2022). Prem (1999) also highlighted that 

nutrition, animal health, animal genetics, and extension services are some challenges 

affecting farmers and agricultural household productivity. Knowledge and understanding of 

animal diseases, their control mechanisms, the availability of vaccines, and their usage are 

essential in promoting good animal health in a herd (Prem 1999).

Based on the above reasoning, we assumed households with livestock production and selling 

difficulties are more likely to experience food insecurity.

Data was obtained from the Data in Emergencies Monitoring (DIEM) system of the Food and 

Agriculture Organization (FAO) (2021). The FAO’s DIEM-Monitoring System collects, 

analyses, and shares shock and livelihood data in nations prone to multiple shocks. DIEM-

Monitoring System updates information on how shocks affect farming communities’ 

livelihoods and food security to influence decision-making. The data are collected from 

producers, traders, marketers, input suppliers, extension officers, and other key informants. 

Through the DIEM system, the FAO conducted a household survey in 2021 to monitor 

agricultural livelihoods and food security in the Philippines. A random sampling strategy was 

utilized to select 2087 household representatives at the regional level (admin 1) for seven 

out of 18 regions of the country. The survey was undertaken between 31 August-31 October 

2021 through telephone interviews using random digital dialing in the following provinces: 

Cagayan Valley, Calabarzon, Central Luzon, Ilocos, Soccsksargen, Western Visayas, and the 

Bangsamoro Autonomous Region in Muslim Mindanao (BARMM). Each survey interview had 

a duration of 20 minutes and was administered in one of the Philippines’ official languages, 

English, Cebuano/ Bisaya, Tagalog/ Filipino, Ilocano, Pangasinan, Ilonggo/ Hiligaynon, and 

Maguindanao.

To measure the food insecurity of livestock smallholder farmers, we employed three 

variables retrieved from the DIEM’s original dataset: , , and 

. These variables were transformed into , 

, and , respectively, for the sake of presentation and 

interpretation. The selected variables correspond to the severity of the household’s food 

insecurity, from lack of nutrition ( ) to skipping a meal ( and not 

eating for a whole day ( ) (see Table 1).

<<< Insert Table 1 here >>>
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Variables  and in the original dataset were retrieved and transformed 

into  and  to estimate whether the respondents’ 

households had faced any production or selling of their products within the last three 

months. These two variables were used as predictor variables due to their direct relevance 

to the study’s primary focus on understanding how challenges in livestock-related activities 

impact food security outcomes. Meanwhile, three variables about food insecurity were used 

as outcome variables, subsequently resulting in three different statistical models (see 

Subsection 2.2.2)

In the DIEM survey, when the respondents reported that their households had produced 

livestock or both livestock and crops for consumption and sale in the past 12 months, they 

were asked questions associated with the production and sale of livestock, including the 

difficulties. Specifically, households facing production and selling difficulties were asked 

about their main challenges when producing and selling livestock. The respondents’ answers 

are presented in the subsection subsequent to the statistical analysis to specify the reasons 

behind the livestock production and selling difficulties of livestock smallholder households 

(see Subsections 3.1.4 and 3.1.5).

To identify the effects of livestock production and selling difficulties of smallholder farmers 

on their food insecurity, we constructed three models, each with similar predictor variables 

but a different outcome variable. Model 1 with  as the outcome variable is 

presented as follows:

(1.1) ~ log 1

(1.2)log 1 = 0 + 1 + 2

(1.3) ~ ( , )

The probability around the mean  is determined by the form of the normal log 1

distribution, whose width is specified by the standard deviation .  indicates the likelihood 

that smallholder farmer  is unable to eat healthy and nutritious food; 

 indicates whether farmer  experiences any production difficulties; 

 whether farmer  experiences any selling difficulties. Model 1 has four 

parameters: the coefficients,  and , the intercept, , and the standard deviation of the 1 2 0
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“noise”, . The coefficients of the predictor variables are distributed as a normal distribution 

around the mean denoted  and with the standard deviation denoted .

Similarly, Model 2, with  being the outcome variable, and Model 3, with 

 as the outcome variable, are presented as follows:

(2.1) ~ log 1

(2.2)log 1 = 0 + 1 + 2

(2.3) ~ ( , )

In this model,  indicates the likelihood that smallholder farmer  skips a meal because of a 

lack of money or other resources to get food. 

(3.1) ~ log 1 ,

(3.2)log 1 = 0 + 1 + 2

(3.3) ~ ( , )

Here,  indicates the likelihood that smallholder farmer  does not eat for a whole day 

because of a lack of money or other resources to get food.

The Bayesian Mindsponge Framework (BMF) analytics was employed as the analytical 

framework in the current study (Nguyen  2022). Specifically, the analytics combines the 

reasoning capabilities of Mindsponge Theory and the inference advantages of the Bayesian 

analysis (Vuong  2022b). We employed the Mindsponge theory to reason and construct 

models for examining how livestock production and selling difficulties affect food security in 

the Philippines (see Subsection 2.1 for the theoretical foundation and Subsection 2.2.2 for 

constructed models). The theory has been employed in various disciplines to study and 

explain many psycho-social phenomena. 

One of the mindsponge theory’s strengths is that it provides an information-processing 

analytical framework (with important principles) that enables us to construct parsimonious 

models (Bentler and Mooijaart 1989; Simon 2001; Cougle 2012). Such parsimonious models 
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have more precise predictions and straightforward interpretations and reduce the risk of 

multicollinearity bias. However, parsimonious models might face the risk of endogeneity 

caused by the omitted variables and oversimplifying the model. In the current study, while 

the Mindsponge reasoning based on set theory and information processing logic helps 

theoretically safeguard the model from endogeneity, the Bayesian analysis also makes the 

problem less relevant because the Bayesian approach makes exact inferences on the data at 

hand, treats parameters (including unknown or unobserved ones) as random variables, and 

does not rely on asymptotic assumptions (Liu  2007; Gill 2014; Wagenmakers  

2018). In case the endogeneity bias still exists in our constructed models, we also conducted 

a sensitivity analysis that incorporates variables that can potentially affect the household’s 

food security (e.g., household representatives’ age and gender, the head of household’s 

educational levels, and the household’s total income). If the estimated results of the more 

comprehensive model are similar to those of the parsimonious model, the parsimonious 

model can be considered robust.

Other advantages of Bayesian analysis also make the BMF analytics preferential in this study. 

With the support of the Markov chain Monte Carlo algorithm, Bayesian analysis can produce 

a more precise estimation with a small sample size, comparatively with methods dependent 

on the asymptotic assumption, as it only utilizes the data at hand for inference (Dunson 

2001; Uusitalo 2007). The current study’s sample size is relatively small, so employing 

Bayesian analysis can help improve the precision of the estimated results. Moreover, as 

stated by Halsey, the fickle -value is a major reason causing irreproducible results, causing 

crises in various disciplines (including psychological and social sciences) (Halsey  2015; 

Open Science Collaboration 2015; Camerer  2018). The Bayesian analysis depends on 

credible intervals, which are theoretically more advantageous than confidence intervals and 

can be visually plotted for result interpretation, so the -value is not required for evaluation 

(McElreath 2018; Wagenmakers  2018). 

We employed the bayesvl R package to perform Bayesian analysis due to its user-friendly 

operating style, capability to depict attention-grabbing images, and cost-effectiveness 

(Vuong 2018; La and Vuong 2019). For the simulation set-up, we used four Markov chains, 

each with 5,000 iterations (of which the first 2,000 were designated warmup iterations), to 

fit the models. As the current study is explorative, we applied uninformative priors for all 

parameters to avoid subjective bias. After the models were fitted, the effective sample size 

( ) and Gelman-Rubin shrink factor ( ) were evaluated to determine whether the 

Markov chains were well-convergent. When the  values are equal to 1, and the  

values are greater than 1,000, it indicates that the Markov chain’s parameters have 

converged well. If so, the Markov property can be deemed held. The trace, Gelman-Rubin-

Brooks, and autocorrelation plots were also used to confirm the Markov chains convergence.
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3. Results

As can be seen from Table 2, all the values are larger than 1,000, and values are 

equal to 1, so Model 1’s Markov chains can be deemed convergent. The trace plots shown in 

Figure 2 confirm the convergence. In particular, after the warmup period (2,000th iteration), 

all the Markov chains fluctuate around a central equilibrium, showing a clear signal of 

convergence. 

<<< Insert Table 2 here >>>

<<< Insert Figure 2 here >>>

Figure 3 demonstrates the  value of each parameter’s simulated value. The value shrinks 

rapidly to 1 after some finite iterations, implying the convergence of the chains. Also, the 

Markov property, or the memoryless property of the stochastic simulation process, can be 

evaluated through the autocorrelation plots. The autocorrelation levels of all parameters 

decline swiftly to 0, validating the existence of Markov property during the simulation (see 

Figure 4).

<<< Insert Figure 3 here >>>

<<< Insert Figure 4 here >>>

Estimated results in Table 2 indicate that both and  

have positive impacts on  ( = 1.03 and 

= 0.46; = 1.10 and 

= 0.46). The results suggest that livestock production and selling 

difficulties are statistically significant and linked to a higher likelihood of consuming food 

with lower nutritional value. The impact of livestock selling difficulties on the likelihood of 

consuming food with lower nutritional value is similar to livestock production difficulties 

(see Figure 5).
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<<< Insert Figure 5 here >>>

Posterior distributions of the parameters are illustrated in Figure 5. All of the distribution of 

 and  lie on the positive sides of the -axis, suggesting 

highly reliable positive associations of and  with 

. The estimated distributions of  and  

using the model incorporating control variables also show similar results estimated using 

the parsimonious model (see Table S1 in the Supplementary), so the effects of 

 and  on  can be deemed robust.

Based on the  and  values, we can deem that Model 2’s Markov chains are all well-

convergent (see Table 3). The trace plots (see Figure 6), Gelman-Rubin-Brooks plots (see 

Figure A1), and autocorrelation plots (see Figure A2) also confirm their convergence.

<<< Insert Table 3 here >>>

<<< Insert Figure 6 here >>>

<<< Insert Figure 7 here >>>

As can be seen from Table 3, both and  have positive 

impacts on  ( = 0.85 and  

= 0.47; = 1.45 and   

= 0.46). However, the effect of  has a larger  

magnitude on  than that of To elaborate, the findings 

imply that farmers facing difficulties in livestock production and selling were more likely to 

skip meals due to a lack of money or other resources. The impact of livestock selling 

difficulties on food security conditions is stronger than livestock production difficulties (see 

Figure 7). 

In Figure 7, both the posterior distributions of and lie 

on the positive side of the axis, indicating highly reliable positive associations of 

 and with . The estimated distributions 

of  and  using the model incorporating control variables 

also show similar results estimated using the parsimonious model (see Table S2 in the 
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Supplementary), indicating that the effects of  and  on 

 are robust.

The statistical diagnosis values (i.e.,  and ) and visual diagnoses of trace, Gelman-

Rubin-Brooks, and autocorrelation plots confirm the convergence of Model 3’s Markov 

chains (see Table 4 and Figures 8, A3, and A4). Thus, the estimated results can be used for 

interpretation.

<<< Insert Table 4 here >>>

<<< Insert Figure 8 here >>>

Table 4 indicates that only  has a positive impact on 

( = 9.56 and = 1.18),     

while the effect of   on  is ambiguous 

( = 1.18 and =     

1.45). These findings imply that difficulties in selling the livestock are linked to a higher 

likelihood of experiencing extreme food security conditions (i.e., not eating for a whole day), 

but difficulties in producing the livestock are not. 

The estimated posterior distribution of lies entirely on the positive side of 

the -axis, indicating a highly reliable positive association between and 

. Meanwhile, the distribution of  shows an 

unclear pattern (see Figure 9). The results estimated using a model with control variables 

also demonstrate similar results (see Table S3 in the Supplementary), suggesting that the 

estimated results using the parsimonious model are robust.

<<< Insert Figure 9 here >>>

According to Figure 10, the primary challenges to raising livestock are finding feed (35%) 

and controlling livestock diseases (33%). The challenges associated with buying feed are 

caused by a number of problems, including a lack of supply, high pricing, and insufficient 

market access. On the other side, livestock diseases have a serious negative impact on animal 

health, which results in decreased output, higher rates of mortality, and financial hardship 

for farmers. On the other side, livestock diseases have a serious negative impact on animal 
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health, which results in decreased output, higher rates of mortality, and financial hardship 

for farmers. 

Other factors, such as limited pasture access (9%), difficulty accessing veterinary services 

(7%), difficulty in accessing veterinary inputs (5%), and other variables related to labor, 

security, and access to the livestock market (11%) also contribute to these challenges 

(Figure 10). For livestock farmers, these issues pose considerable obstacles that harm their 

productivity and profitability.

<<< Insert Figure 10 here >>>

According to Figure 11, the main factors contributing to difficulties in livestock selling are 

higher marketing costs (24%) and low prices (23%). Higher marketing costs include 

transportation, storage, and promotion of livestock products. These costs can significantly 

impact the profitability of livestock selling and cause difficulties for farmers in finding buyers 

or accessing profitable markets. Farmers may face financial difficulties and struggle to cover 

their production costs when prices are too low. 

<<< Insert Figure 11 here >>>

Other factors influencing livestock trading difficulties include local customers or regular 

traders not buying as much as usual (18%), damage or losses resulting from delays or 

inability to access markets physically (13%), difficulties processing products other than 

closure of slaughterhouses (lack of access to processing inputs, equipment) (8%), closure of 

slaughterhouse or difficulties accessing slaughterhouse (4%) and others as well. (Figure 11).

4. Discussion

Employing the Bayesian Mindsponge Frameworks analytics on the DIEM dataset, we found 

that livestock production and selling difficulties are crucial factors contributing to food 

insecurity in the Philippines. Specifically, the three most prominent reasons behind the 

selling difficulties are market accessing costs, low selling prices, and low demand for 

livestock products. These challenges could be attributed to low off-take, limited access to 

market information, tacit knowledge, inadequate and poor infrastructure, poor livestock 

conditions, and insufficient livestock numbers to cover pre-slaughter transaction costs and 

satisfy formal market demand (Marandure  2020; Malusi  2021). Higher marketing 

costs also affect household marketing behavior and marketing channel choice and 

discourage market participation (Namonje-Kapembwa  2022). Additionally, marketing 
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old and malnourished animals is a disadvantage in commercial marketplaces that primarily 

sell young, well-conditioned animals (Nyam  2022). 

Meanwhile, three main production difficulties are feed purchasing difficulties, livestock 

diseases, and limited access to pasture. Various challenges associated with livestock 

production, including pasture and feed availability, access to water resources, animal 

breeding and management, climate change and fluctuation, and socio-economic constraints, 

have been highlighted by various studies (Mbatha 2021; Eeswaran  2022). Prem (1999) 

emphasized that challenges affecting farmers and agricultural household productivity 

include nutrition, animal health, animal genetics, and extension services. Overcoming these 

challenges is possible by utilizing locally available resources and inexpensive food by-

products with anti-helminthic, anti-bloat, and nutraceutical properties beneficial to livestock 

(Mahachi  2023). Households may also raise livestock breeds with feed and production 

efficiencies, allowing them to thrive in their production systems under various 

environmental stressors and still meet desired market requirements (Olagbegi  2023). 

Knowledge and understanding of animal diseases, their control mechanisms, the availability 

of vaccines, and their usage are essential for promoting good animal health in a herd (Prem 

1999).

The effects of production and selling difficulties on different severity of food insecurity vary. 

Specifically, production and selling difficulties contribute equally to the households’ 

likelihood of eating less healthy and nutritious food. However, the production difficulties 

have smaller impacts on the likelihood of skipping meals and even ambiguous impacts on 

the likelihood of not eating for a whole day compared to the effects of selling difficulties. 

These differences can be explained with more details from the information-processing 

perspectives and the underlying reasons for production and selling difficulties.

As explained above, to acquire food, the household must exchange information with the 

surrounding environment by producing livestock or trading them for other types of food. 

Difficulty producing or selling livestock can adversely affect the households’ food security. 

However, households facing selling problems are more vulnerable to food insecurity (i.e., 

skipping meals) and extreme food insecurity (i.e., not eating for a whole day) than those 

facing production difficulties due to their dependence on the market. 

Smallholder farmers are often poor, having limited capital and land and therefore relying on 

direct sales of livestock products like milk, eggs, and dung for the generation of capital 

regularly, as well as sporadic sales of live animals, wool, meat, feathers, and hides (Ahuja 

2013). It is reported that Asian countries have been experiencing a chronic feed shortage 

and are heavily dependent on the importation of feed and feed additives; therefore, any 

changes to trade or price volatility will affect the animal and feed industry and ultimately 

compromise food security (Ahuja 2013). 

The market plays a crucial (or even indispensable) role in households’ livestock production. 

While the importance of the market for livestock sales is clear, livestock production is also 

significantly influenced by the products and services purchased from the market. Without 
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access to the market, feed, medicines, and veterinary services cannot be acquired, 

intensifying the largest production problems (e.g., difficulty in purchasing feed and livestock 

diseases). In particular, the challenge of livestock diseases is in line with those who 

postulated that, unlike in developed countries, livestock diseases are a challenge commonly 

attributed to poor control as most are preventable (Grace  2015). Although market 

access is useful for solving production problems, it requires the participants to have 

sufficient capital. 

When households fall into food insecurity (i.e., skipping meals) and extreme food insecurity 

(i.e., not eating for a whole day) situations, it also means that their saving has been depleted 

significantly. Such saving depletion subsequently makes them rely more on the market, 

expecting to sell livestock for money. However, why do the household not consume their 

own livestock products? 

According to the Mindsponge Theory, a system is more likely to optimize behaviors based 

on its priority, which is greatly influenced by the perceived availability and accessibility of 

resources. In this case, the households’ priority should be prolonging their existence. 

Livestock products are generally more nutritious than crop-based products (Rizvi  

2021), making them more expensive. With a given amount of money, households can sustain 

their existence for longer by consuming crop-based food (i.e., rice) rather than livestock 

products. Therefore, households with limited resources and choices might consider fasting 

or starving as a survival strategy to wait until the livestock products can be sold (Vuong 

2022a, 2022b; Nguyen  2023). The likely length of the fasting and starving period should 

be investigated further as it can contribute to the efforts of mitigating food insecurity among 

smallholder farmers. Acosta  (2021) and Bahta (2022) consistently reported that 

livestock sales were used as a coping strategy against drought and climate shock for 

household income and consumption support. Other studies postulated that except for 

functions or times of extreme need, the farmers hardly ever eat or sell their livestock but 

keep them as a source of wealth (Nuvey  2022). With this reasoning approach, the 

varying impacts of production and selling difficulties on various households’ food insecurity 

situations can be explained.

The current study is not without limitations (Vuong 2020). Although the total number of 

observations of the dataset is adequate, the number of respondents who produce livestock 

is limited, reducing the representativeness of the current study results. Further studies with 

larger sample sizes should be conducted to validate the current study’s findings. Although 

we provided detailed reasons underlying the households' production and selling difficulties, 

we could not examine how much these reasons affect the households’ food insecurity 

situations due to the limited sample size.

5. Policy implications

Given the sensitivity of livestock smallholder households to the market, especially those with 

limited saving resources, we propose the following recommendations for policy-making to 

alleviate food insecurity:
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The livestock market should be regulated to balance the prices of livestock products 

and products and services needed for livestock production. However, rather than 

advocating for strict price controls, the focus is on creating a regulatory framework 

that fosters fair competition, transparency, and ethical practices (Hernandez  

2022). Such a regulated market offers numerous advantages over a free market solely 

influenced by supply and demand forces.

A well-regulated market ensures fair competition, preventing monopolies and unfair 

practices that distort market dynamics (Guyomard  2021). This regulation 

promotes transparency and accountability among market participants, enhancing 

trust and stability within the market ecosystem. Moreover, it safeguards consumer 

interests by setting quality standards and ensuring product safety, preventing the 

exploitation of farmers and consumers, and promoting fair pricing and ethical 

practices throughout the supply chain (Sinclair  2019). Beyond these benefits, 

regulation plays a crucial role in mitigating market failures and externalities that may 

arise in an unregulated environment, such as information asymmetry, negative 

environmental impacts, and social inequalities. By imposing rules and standards, 

regulators can promote efficient resource allocation and sustainable market growth 

(Sinclair  2019; Guyomard  2021).

Strengthening information exchange mechanisms is important to complement 

market regulation, s. The information exchanging mechanism (e.g., information and 

knowledge dissemination channels, product transportation, and service provision) 

should be bolstered to create more livestock demand and increase the supply of 

products and services required for livestock production and transportation.

Furthermore, credit-supporting systems should be implemented and expanded to 

reach poor livestock smallholder households. Balana and Oyeyemi (2022) postulated 

that certain smallholders’ lack of participation in the credit market might not be due 

to their inability to receive credit but rather to their risk aversion or lack of access to 

relevant information about available loan sources and their terms.

While the proposed solution of regulating the livestock market offers several benefits, 

it is essential to acknowledge potential drawbacks. One drawback could be the risk of 

overregulation, leading to bureaucratic inefficiencies and increased compliance 

burdens for market participants (Blackmore  2022). Keeping the right balance 

between regulation and market flexibility is crucial to avoid stifling innovation and 

responsiveness to changing conditions. Additionally, there may be challenges in 

enforcement and monitoring, especially in regions with limited regulatory capacity, 

which could undermine the effectiveness of the proposed regulatory framework. 

Policymakers need to carefully consider these challenges and design regulations that 

are effective, adaptable, and responsive to the diverse conditions within the livestock 

market. Regular assessments and adjustments may be necessary to ensure the 

intended benefits are realized without unintended negative consequences.
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6.  Conclusions 

The study used the Bayesian Mindsponge Framework analytics to analyze food insecurity 

among livestock smallholder farmers in the Philippines. The study findings showed that 

production and selling difficulties significantly adversely impact livestock smallholder 

farmers in the Philippines, resulting in varying degrees of food insecurity. While the effects 

of production and selling difficulties on the probability of less nutritious food consumption 

are equally significant, the production difficulties have smaller effects on the likelihood of 

skipping meals and even ambiguous impacts on the likelihood of not eating for a whole day 

compared to the effects of selling difficulties. The findings underscore the critical role of 

market dynamics in exacerbating food insecurity, especially the challenges related to market 

access costs, low selling prices, and low demand for livestock products. The study highlights 

the need for policy interventions and regulatory measures to mitigate the adverse impact of 

production difficulties and establish a well-regulated market for addressing the food 

insecurity problem among livestock smallholder farmers in the Philippines.
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Figure A1: Model 2’s Gelman-Rubin-Brooks plots

Figure A2: Model 2’s autocorrelation plots
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Figure A3: Model 3’s Gelman-Rubin-Brooks plots

Figure A4: Model 3’s autocorrelation plots

21



References

Abafita J, Kim K-R (2014) Determinants of household food security in rural Ethiopia: An empirical analysis. 
Journal of Rural Development/Nongchon-Gyeongje 37(1071-2016-86950), 129-157. 
doi:10.22004/ag.econ.196613

Acosta A, Nicolli F, Karfakis P (2021) Coping with climate shocks: The complex role of livestock portfolios. 
World Development 146, 105546. doi:10.1016/j.worlddev.2021.105546

Ahuja V (2013) 'Asian livestock: Challenges, opportunities and the response.' (Food and Agriculture 
Organization: Bangkok) 

Akasha MH, Mondalb S, Adusumillic S (2021) Sustainable livestock production and food security. In 
'Emerging Issues in Climate Smart Livestock Production: Biological Tools Techniques'. (Eds S Mondal, RL 
Singh) Vol. 71, (Academic Press) 

Akrong R, Mbogoh SG, Irungu P (2021) What factors influence access to and the level of participation in 
high value mango markets by smallholder farmers in Ghana? Heliyon 7(3).

Alawneh J, Barnes T, Parke C, Lapuz E, David E, Basinang V, Baluyut A, Villar E, Lopez E, Blackall P (2014) 
Description of the pig production systems, biosecurity practices and herd health providers in two 
provinces with high swine density in the Philippines. Preventive Veterinary Medicine 114(2), 73-87. 
doi:10.1016/j.prevetmed.2014.01.020

Amao IO, Ogunniyi AI, Mavrotas G, Omotayo AO (2023) Factors Affecting Food Security among Households 
in Nigeria: The Role of Crop Diversity. Sustainability 15(11), 8534.

Arias P, Hallam D, Krivonos E, & , Morrison J (2013) Smallholder integration in changing foof markets. Food 
and Agriculture Organization of the United Nations, Trade and Markets Division. . Rome, Italy.  

Asamoah O, Danquah JA, Bamwesigye D, Verter N, Acheampong E, Macgregor CJ, Boateng CM, Kuittinen 
S, Appiah M, Pappinen A (2023) The perception of the locals on the impact of climate variability on non-
timber forest products in Ghana. Acta Ecologica Sinica. doi:10.1016/j.chnaes.2023.07.004

Bahta YT (2022) Nexus between coping strategies and households’ agricultural drought resilience to food 
insecurity in South Africa. Land 11(6), 893. doi:10.3390/land11060893

Balana BB, Oyeyemi MA (2022) Agricultural credit constraints in smallholder farming in developing 
countries: Evidence from Nigeria. World Development Sustainability 1, 100012. 
doi:10.1016/j.wds.2022.100012

22



Balehegn M, Duncan A, Tolera A, Ayantunde AA, Issa S, Karimou M, Zampaligré N, André K, Gnanda I, 
Varijakshapanicker P (2020) Improving adoption of technologies and interventions for increasing supply 
of quality livestock feed in low-and middle-income countries. Global Food Security 26, 100372. 
doi:10.1016/j.gfs.2020.100372

Banks AR, Bell BA, Ngendahimana D, Embaye M, Freedman DA, Chisolm DJ (2021) Identification of factors 
related to food insecurity and the implications for social determinants of health screenings. BMC Public 
Health 21, 1-8.

Barroga TRM, Morales RG, Benigno CC, Castro SJM, Caniban MM, Cabullo MFB, Agunos A, de Balogh K, 
Dorado-Garcia A (2020) Antimicrobials used in backyard and commercial poultry and swine farms in the 
Philippines: a qualitative pilot study. Frontiers in Veterinary Science 7, 329. doi:10.3389/fvets.2020.00329

Bauer L (2020) The COVID-19 crisis has already left too many children hungry in America Vol. 2023. 
(Brookings) Available at https://www.brookings.edu/articles/the-covid-19-crisis-has-already-left-too-
many-children-hungry-in-america/

Bentler PM, Mooijaart A (1989) Choice of structural model via parsimony: a rationale based on precision. 
Psychological Bulletin 106(2), 315.

Blackmore E, Guarin A, Vorley W, Alonso S, Grace D (2022) Kenya’s informal milk markets and the 
regulation–reality gap. Development Policy Review 40(3), e12581.

Briones RM, Espineli IB (2022) Towards Competitive Livestock, Poultry, and Dairy Industries: Consolidated 
Benchmarking Study. Philippine Institute for Development Studies Discussion Papers(DP 2022-20).

Camerer CF, Dreber A, Holzmeister F, Ho T-H, Huber J, Johannesson M, Kirchler M, Nave G, Nosek BA, 
Pfeiffer T (2018) Evaluating the replicability of social science experiments in Nature and Science between 
2010 and 2015. Nature Human Behaviour 2 (9), 637-644. doi:10.1038/s41562-018-0399-z

Cele T, Mudhara M (2022) Impact of market participation on household food security among smallholder 
irrigators in KwaZulu-Natal, South Africa. Agriculture 12(2), 261.

Cheng L, Yu Y, Wang Y, Zheng L (2023) Influences of mental accounting on consumption decisions: 
asymmetric effect of a scarcity mindset. Frontiers in Psychology 14, 1162916. 
doi:10.3389/fpsyg.2023.1162916

Cougle JR (2012) What makes a quality therapy? A consideration of parsimony, ease, and efficiency. 
Behavior Therapy 43(3), 468-481.

23



Cruz M (2022) WFP Philippines – Food Security Monitoring - October 2022. World Food Programme. 
Available at https://www.wfp.org/publications/wfp-philippines-food-security-monitoring-october-2022 

Dunson DB (2001) Commentary: practical advantages of Bayesian analysis of epidemiologic data. 
American Journal of Epidemiology 153(12), 1222-1226. doi:10.1093/aje/153.12.1222

Eeswaran R, Nejadhashemi AP, Faye A, Min D, Prasad PV, Ciampitti IA (2022) Current and future challenges 
and opportunities for livestock farming in West Africa: Perspectives from the case of Senegal. Agronomy 
12(8), 1818. doi:10.3390/agronomy12081818

FAO (2021) ASF Situation in Asia & Pacific Update. . Rome: Agriculture and Consumer Protection 
Department.  

FAO I, UNICEF, WFP, & WHO (2023) The state of food security and nutrition in the world 2023 : 
urbanization, agrifood systems, transformation and healthy diets across the rural - urban continuum, Food 
and Agriculture Organization of the United Nations. Rome, Italy.  

Food and Agriculture Organization (1996) Rome Declaration on World Food Security and World Food 
Summit Plan of Action: World Food Summit. United Nations, Rome, Italy. Available at 
https://www.fao.org/3/w3613e/w3613e00.htm 

Food and Agriculture Organization (FAO) (2021) The Philippines | Data in Emergencies Monitoring (DIEM 
Monitoring) brief - round 1. Food and Agriculture Organization, Rome. Available at 
https://www.fao.org/documents/card/en/c/CB8405EN/ 

Food and Nutrition Research Institute (2021) Food insecurity among families amid the Covid-19 pandemic. 
Congressional Policy and Budget Research Department, Metro Manila, Philippines. Available at 

https://cpbrd.congress.gov.ph/2012-06-30-13-06-51/2012-06-30-13-36-50/1325-ff2021-35-food-
insecurity-among-families-amid-the-covid-19-pandemic 

Food Security Information Network (2023) Global report on food crises 2023. Available at 
https://www.fsinplatform.org/global-report-food-crises-2023 

Garnett T (2014) Three perspectives on sustainable food security: efficiency, demand restraint, food 
system transformation. What role for life cycle assessment? Journal of Cleaner Production 73, 10-18. 
doi:10.1016/j.jclepro.2013.07.045

Gill J (2014) 'Bayesian methods: A social and behavioral sciences approach.' (CRC press) 

Grace D, Bett BK, Lindahl JF, Robinson TP (2015) Climate and livestock disease: assessing the vulnerability 
of agricultural systems to livestock pests under climate change scenarios. CCAFS Working Paper, 116.

24



Guyomard H, Bouamra-Mechemache Z, Chatellier V, Delaby L, Détang-Dessendre C, Peyraud J-L, Requillart 
V (2021) Why and how to regulate animal production and consumption: The case of the European Union. 
Animal 15, 100283.

Haile K, Gebre E, Workye A (2022) Determinants of market participation among smallholder farmers in 
Southwest Ethiopia: double-hurdle model approach. Agriculture & Food Security 11(1), 18.

Halsey LG, Curran-Everett D, Vowler SL, Drummond GB (2015) The fickle P value generates irreproducible 
results. Nature Methods 12, 179-185. [In en] doi:10.1038/nmeth.3288

Hernandez E, Llonch P, Turner PV (2022) Applied animal ethics in industrial food animal production: 
exploring the role of the veterinarian. Animals 12(6), 678. doi:10.3390/ani12060678

Kharas H (2010) The emerging middle class in developing countries. OECD Publishing, Paris. Available at 
https://www.oecd-ilibrary.org/content/paper/5kmmp8lncrns-en 

Kumar M, Srivastava S, Muhammad T, Saravanakumar P (2022) Examining the association between health 
status and subjective life expectancy among older Indian adults based on the mindsponge approach. 
Humanities and Social Sciences Communications 9(1), 1-10. doi:10.1057/s41599-022-01368-1

La V-P, Vuong Q-H (2019) bayesvl: Visually learning the graphical structure of Bayesian networks and 
performing MCMC with'Stan'. The Comprehensive R Archive Network (CRAN).

Lapar ML, Holloway G, Ehui S (2003) Policy options promoting market participation among smallholder 
livestock producers: a case study from the Phillipines. Food Policy 28(3), 187-211. doi:10.1016/S0306-
9192(03)00017-4

Lin H-I, Yu Y-Y, Wen F-I, Liu P-T (2022) Status of food security in East and Southeast Asia and challenges of 
climate change. Climate 10(3), 40. doi:10.3390/cli10030040

Liu Q, Otter T, Allenby GM (2007) Investigating endogeneity bias in marketing. Marketing Science 26(5), 
642-650.

Lu J, Deng Q, Chen Y, Liu W Impact of perceived ease of use, organizational support mechanisms, and 
industry competitive pressure on physicians' use of liver cancer screening technology in medical alliances: 
An empirical research based on TOE framework. Frontiers in Public Health 11, 1174334. 
doi:10.3389/fpubh.2023.1174334

Mahachi LN, Chikwanha OC, Katiyatiya CLF, Marufu MC, Aremu AO, Mapiye C (2023) Haemato-
biochemical responses, worm burdens and Haemonchus contortus ultrastructural changes in lambs fed 

25



diets containing graded inclusion levels of sericea lespedeza. Animal Production Science 63(14), 1394-
1409. doi:10.1071/AN23087

Malusi N, Falowo A, Idamokoro E (2021) Herd dynamics, production and marketing constraints in the 
commercialization of cattle across Nguni Cattle Project beneficiaries in Eastern Cape, South Africa. 
Pastoralism 11(1), 1-12. doi:10.1186/s13570-020-00186-x

Marandure T, Dzama K, Bennett J, Makombe G, Chikwanha O, Mapiye C (2020) Farmer challenge-derived 
indicators for assessing sustainability of low-input ruminant production systems in sub-Saharan Africa. 
Environmental and Sustainability Indicators 8, 100060. doi:10.1016/j.indic.2020.100060

Mayberry D, Hatcher S, Cowley F (2020) New skills, networks and challenges: the changing face of animal 
production science in Australia. Animal Production Science 61(3), 201-207. doi:10.1071/AN20115

Mazenda A, Molepo N, Mushayanyama T, Ngarava S (2022) The invisible crisis: the determinants of local 
food insecurity in Gauteng municipalities, South Africa. British Food Journal 124(13), 274-289. 
doi:10.1108/BFJ-11-2021-1234

Mbatha C (2021) Livestock production and marketing for small emerging farmers in South Africa and 
Kenya: comparative lessons. South African Journal of Agricultural Extension 49(1), 141-161. 
doi:10.17159/2413-3221/2021/v49n1a10783

McElreath R (2018) 'Statistical rethinking: A Bayesian course with examples in R and Stan.' (Chapman and 
Hall/CRC Press: Boca Raton, London, New York) 

Namonje-Kapembwa T, Chiwawa H, Sitko N (2022) Analysis of goat production and marketing among 
smallholder farmers Zambia. Small Ruminant Research 208, 106620. 
doi:10.1016/j.smallrumres.2022.106620

Nguyen M-H, Jones TE (2022a) Building eco-surplus culture among urban residents as a novel strategy to 
improve finance for conservation in protected areas. Humanities & Social Sciences Communications 9, 
426. doi:10.1057/s41599-022-01441-9

Nguyen M-H, Jones TE (2022b) Predictors of support for biodiversity loss countermeasures and bushmeat 
consumption among Vietnamese urban residents. Conservation Science and Practice 4(12), e12822. 
doi:10.1111/csp2.12822

Nguyen M-H, La V-P, Le T-T, Vuong Q-H (2022) Introduction to Bayesian Mindsponge Framework analytics: 
an innovative method for social and psychological research. MethodsX 9, 101808. 
doi:10.1016/j.mex.2022.101808

26



Nguyen M-H, Le T-T, Vuong Q-H (2023) Ecomindsponge: A novel perspective on human psychology and 
behavior in the ecosystem. Urban Science 7(1), 31. doi:10.3390/urbansci7010031

Nuvey FS, Nortey PA, Addo KK, Addo-Lartey A, Kreppel K, Houngbedji CA, Dzansi G, Bonfoh B (2022) Farm-
related determinants of food insecurity among livestock dependent households in two agrarian districts 
with varying rainfall patterns in Ghana. Frontiers in Sustainable Food Systems 6, 743600. 
doi:10.3389/fsufs.2022.743600

Nyam Y, Bahta Y, Oduniyi O, Matthews N (2022) Smallholder sheep farmers’ perception of production 
constraints and competitiveness strategies in South Africa. Scientific African 16, e01192. 
doi:10.1016/j.sciaf.2022.e01192

Olagbegi BR, Chikwanha OC, Katiyatiya CL, Marais J, Molotsi AH, Dzama K, Mapiye C (2023) 
Physicochemical, volatile compounds, oxidative and sensory profiles of the Longissimus muscle of six 
South African sheep breeds. Animal Production Science 63(6), 610-622. doi:10.1071/AN22057

Open Science Collaboration (2015) Estimating the reproducibility of psychological science. Science 
349(6251). doi:10.1126/science.aac4716

Philippine Statistics Authority (2013) Metadata for national agricultural statistics in the Philippines 

Pólya G (1954) 'Induction and analogy in mathematics: Mathematics and plausible reasoning.' (Princeton 
University Press: Princeton, NJ) 

Poole N (2017) Smallholder Agriculture and Market Participation. Food and Agriculture Organization of 
the United Nations and Practical Action Publishing. Rugby, UK.  

Prem N (1999) 'Poverty alleviation and food security in Asia: Role of livestock.' (The Food and Agriculture 
Organization: Bangkok) 

Premanandh J (2011) Factors affecting food security and contribution of modern technologies in food 
sustainability. Journal of the Science of Food and Agriculture 91(15), 2707-2714.

Rizvi A, Wasfi R, Enns A, Kristjansson E (2021) The impact of novel and traditional food bank approaches 
on food insecurity: a longitudinal study in Ottawa, Canada. BMC Public Health 21(1), 1-16. 
doi:10.1186/s12889-021-10841-6

Roxas D (1995) Livestock and poultry industry development in The Philippines: Potentials, problems and 
policies. Bulletin of Animal Science, 27-32. doi:10.21059/buletinpeternak.v0i-.5049

27



Ruining J, Xiao W (2022) “Somewhere I belong?” A study on transnational identity shifts caused by “double 
stigmatization” among Chinese international student returnees during COVID-19 through the lens of 
mindsponge mechanism. Frontiers in Psychology 13, 1018843. doi:10.3389/fpsyg.2022.1018843

Rupasi T, Kumar HD, Triveni D, Singh B, Pachaiyappan K, Dhama K (2014) Future challenges of food security 
and sustainable livestock production in India in the changing climatic scenario. Asian Journal of Animal 
and Veterinary Advances 9(7), 367-384.

Santirocchi A, Spataro P, Alessi F, Rossi-Arnaud C, Cestari V (2023) Trust in science and belief in 
misinformation mediate the effects of political orientation on vaccine hesitancy and intention to be 
vaccinated. Acta Psychologica 237, 103945. doi:10.1016/j.actpsy.2023.103945

Shakeel A, Shazli T (2021) Coping strategies and struggle against food insecurity: the case of district Banda 
in Bundelkhand region, India. GeoJournal 86, 1721-1742. doi:10.1007/s10708-020-10155-x

Shuvo SD, Hossain MS, Riazuddin M, Mazumdar S, Roy D (2022) Factors influencing low-income 
households’ food insecurity in Bangladesh during the COVID-19 lockdown. PLoS One 17(5), e0267488.

Simon HA (2001) Science seeks parsimony, not simplicity: Searching for pattern in phenomena. In 
'Simplicity, inference and modelling: Keeping it sophisticatedly simple'. (Eds A Zellner, HA Keuzenkamp, 
M McAleer) pp. 32-72. (Cambridge University Press: Cambridge) 

Sinclair M, Fryer C, Phillips CJ (2019) The benefits of improving animal welfare from the perspective of 
livestock stakeholders across Asia. Animals 9(4), 123.

Tanemura N, Kakizaki M, Kusumi T, Onodera R, Chiba T (2022) Levels of trust in risk-only negative health 
messages issued by public agencies: a quantitative research-based mindsponge framework. Humanities 
and Social Sciences Communications 9, 388. doi:10.1057/s41599-022-01415-x

Torero M (2020) Without food, there can be no exit from the pandemic. Nature 580(7805), 588-589. 
doi:10.1038/d41586-020-01181-3

Uusitalo L (2007) Advantages and challenges of Bayesian networks in environmental modelling. Ecological 
Modelling 203(3-4), 312-318.

Vuong Q-H (2018) The (ir)rational consideration of the cost of science in transition economies. Nature 
Human Behaviour 2, 5. doi:10.1038/s41562-017-0281-4

Vuong Q-H (2020) Reform retractions to make them more transparent. Nature 582, 149. 
doi:10.1038/d41586-020-01694-x

28



Vuong Q-H (2022a) 'The kingfisher story collection.'  

Vuong Q-H (2022b) 'A New Theory of Serendipity: Nature, Emergence and Mechanism.' (De Gruyter: 
Berlin, Germany) 

Vuong Q-H (2023) 'Mindsponge Theory.' (De Gruyter) 

Vuong Q-H, Le T-T, Jin R, Khuc QV, Nguyen H-S, Vuong T-T, Nguyen M-H (2023) Near-suicide phenomenon: 
An investigation into the psychology of patients with serious illnesses withdrawing from treatment. 
International Journal of Environmental Research and Public Health 20(6), 5173. 
doi:10.3390/ijerph20065173

Vuong Q-H, Le T-T, La V-P, Nguyen TTH, Ho M-T, Khuc Q, Nguyen M-H (2022a) Covid-19 vaccines 
production and societal immunization under the serendipity-mindsponge-3D knowledge management 
theory and conceptual framework. Humanities and Social Sciences Communications 9, 22. 
doi:10.1057/s41599-022-01034-6

Vuong Q-H, Napier NK (2015) Acculturation and global mindsponge: An emerging market perspective. 
International Journal of Intercultural Relations 49, 354-367. [In en] doi:10.1016/j.ijintrel.2015.06.003

Vuong Q-H, Nguyen M-H, La V-P (2022b) 'The mindsponge and BMF analytics for innovative thinking in 
social sciences and humanities.' (De Gruyter) 

Vuong Q-H, Nguyen TTH, Pham T-H, Ho M-T, Nguyen M-H (2021) Assessing the ideological homogeneity 
in entrepreneurial finance research by highly cited publications. Humanities and Social Sciences 
Communications 8, 110. doi:10.1057/s41599-021-00788-9

Wagenmakers E-J, Marsman M, Jamil T, Ly A, Verhagen J, Love J, Selker R, Gronau QF, Šmíra M, Epskamp 
S (2018) Bayesian inference for psychology. Part I: Theoretical advantages and practical ramifications. 
Psychonomic Bulletin Review 25(1), 35-57. doi:10.3758/s13423-017-1343-3

29



Figure 1: Households’ information-exchanging processes with the livestock and the market 

(generated using draw.io and images from storyset and macrovector on Freepik)

Figure 2: Model 1’s trace plots
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Figure 3: Model 1’s Gelman-Rubin-Brooks plots 

Figure 4: Model 1’s autocorrelation plots
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Figure 5: Model 1’s posterior distributions
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Figure 6: Model 2’s trace plots
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Figure 7: Model 2’s posterior distributions

Figure 8: Model 3’s trace plots
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Figure 9: Model 3’s posterior distributions

Figure 10: Main Factors Affecting Livestock Production Challenges
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Figure 11: Main Factors Affecting Livestock Trading Challenges
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Tables

Table 1. Data descriptions

Variable name Explanation

Coded 

variable(s) in 

the dataset

Value

Whether the respondent’s household 

did not eat for a whole day because of 

a lack of money or other resources to 

get food during the last 30 days

1 = Yes

0 = No

Whether the respondent’s household 

skipped a meal because of a lack of 

money or other resources to get food 

during the last 30 days

1 = Yes

0 = No

Whether the respondent’s household 

was unable to eat healthy and 

nutritious food because of a lack of 

money or other resources to get food 

during the last 30 days

1 = Yes

0 = No

Whether the respondent’s household 

had faced any difficulty with livestock 

production over the last 3 months

1 = Yes

0 = No

Whether the respondent’s household 

had faced any difficulty with selling 

the products over the last 3 months

1 = Yes

0 = No
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Table 2: Model 1’s simulated posterior coefficients.

Parameter Mean
Standard 

deviation
n_eff Rhat

-1.38 0.35 6057 1

1.03 0.46 6577 1

1.10 0.46 7154 1

Table 3: Model 2’s simulated posterior coefficient

Parameter Mean
Standard 

deviation
n_eff Rhat

-1.49 0.37 6307 1

0.85 0.47 6431 1

1.45 0.46 6643 1

Table 4: Model 3’s simulated posterior coefficient

Parameter Mean
Standard 

deviation
n_eff Rhat

-12.45 5.68 1666 1

1.18 1.45 2678 1

9.56 5.73 1649
1
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Robustness check

Table S1: The simulated posterior coefficients of Model 1 with and without control variables.

Without control variables With control variables

Parameter

M S n_eff Rhat M S n_eff Rhat

-1.38 0.35 6057 1 1.78 1.13 3789 1

1.03 0.46 6577 1 1.22 0.52 5275 1

1.10 0.46 7154 1 1.34 0.51 5029 1

(Age of the respondent)
-0.18 0.13 4830 1

(Educational level of the head of the household)
-0.86 0.34 3782 1

(Gender of the respondent)
-0.19 0.52 5747 1

(Total income of the respondent)
0.00 0.00 7668 1

The effects of  and  on are almost 

unchanged when other variables are added in the models, suggesting that their effects in the 

parsimonious model are robust. In addition to that, the existence of older people (i.e., the 

respondent) in the household and the educational level of the head of the household are also 

found to negatively predict the likelihood of consuming food with lower nutritional value. 

These predictions are highly reliable as the absolute values of the mean are much higher than 

the values of the standard deviation.

Table S2: The simulated posterior coefficients of Model 2 with and without control variables.

Without control variables With control variables

Parameter

M S n_eff Rhat M S n_eff Rhat

-1.49 0.37 6307 1 0.63 1.09 2118 1
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0.85 0.47 6431 1 0.90 0.51 2902 1

1.45 0.46 6643 1 1.64 0.51 2982 1

(Age of the respondent)
-0.12 0.13 2713 1

(Educational level of the head of the household)
-0.49 0.33 2452 1

(Gender of the respondent)
0.47 0.53 2348 1

(Total income of the respondent)
0.00 0.00 3955 1

The effects of  and  on  in the model with 

control variables are not dissimilar to those in the original model. This similarity indicates a 

good robustness of the estimated results. In addition to that, the existence of older people 

(i.e., the respondent) in the household and the educational level of the head of the household 

are also found to negatively predict the likelihood of skipping a meal because of a lack of 

money or other resources to get food during the last 30 days. Meanwhile, the head of the 

household being male positively predicts the likelihood. Comparison between the absolute 

values of the mean and standard deviation suggest that the effect of the head of the 

household’s educational level is highly reliable, while other effects are only moderately 

reliable (i.e., the absolute values of the mean are almost equal to those of standard deviation). 

Table S3: The simulated posterior coefficients of Model 3 with and without control variables.

Without control variables With control variables

Parameter

M S n_eff Rhat M S n_eff Rhat

-12.45 5.68 1666 1 -9.95 6.00 2023 1

1.18 1.45 2678 1 0.91 1.62 3202 1

9.56 5.73 1649
1

9.82 5.41 2101 1
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(Age of the respondent)
-0.61 0.32 4196 1

(Educational level of the head of the 

household)

0.24 0.88 3646 1

(Gender of the respondent)
0.77 1.43 4482 1

(Total income of the respondent)
0.00 0.00 5983 1

The effects  and  on  are almost 

identical when new variables are inserted into the model. This implies that the estimated 

results using the parsimonious model are robust. In addition, only the existence of older 

people (i.e., the respondent) in the household negatively predicts the household’s 

probability of not eating for a whole day because of a lack of money or other resources to get 

food during the last 30 days (high reliability).  
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