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Abstract 

Background: Food forti�ication refers to the process of adding nutrients to foods during 
their production. It is a cost-effective strategy with well-documented health, economic, 
and social bene�its. Food forti�ication practices in school meal programs need guidance 
and legal support from various national policies.  

Aim: This study aims to analyze how various national policies—such as those related to 
school feeding, nutrition, health, food safety, agriculture, and the private sector—
associate with the implementation of in-school food forti�ication among countries with 
school meals programs.  

Methods: The Bayesian Mindsponge Framework, combining the reasoning strengths of 
Mindsponge Theory and inference advantages of Bayesian analysis, was employed on a 
dataset of 126 government representatives who manage large-scale school meal 
programs in 126 different countries.  

Results: Findings showed that food safety policy and agriculture policy were positively 
and signi�icantly associated with the in-school food forti�ication practices, while school 
feeding policy and private sector policy had ambiguous relationships with these practices. 
Nutrition policy and health policy had a signi�icant negative association with food 
forti�ication practices among countries implementing school meal programs.  
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Conclusions: Findings underscore the strong position of food safety policy and agriculture 
policy in guiding food forti�ication practices in school meal programs. There is a need to 
re-assess the implemented nutrition policy and health policy due to their signi�icant 
negative associations with these practices. Enhancing and strengthening the school 
feeding policy and private sector policy may increase their potencies in giving positive 
impacts on in-school food forti�ication practices.  

Keywords: school meals program; school feeding; policy analysis; food forti�ication; 
Bayesian Mindsponge Framework.  

 

“King�isher’s 3-day hunger caused him to lose control and 

swallow the Taboo Fish in no time.” 

—In “Taboo Fish”; The King�isher Story Collection (Vuong, 2022). 

 

1. Introduction 

Global populations have been on the increase, outpacing agricultural production, 
increasing the demand for food, and altering consumption habits, thereby ameliorating 
food insecurity (Magqupu et al., 2024; Kemboi et al., 2024). Early nutrition is essential for 
optimum health and growth, and this may be compromised by dietary de�iciencies (Pike 
et al., 2021).  De�iciency of adequate nutrition, improper combination of foods, or 
inef�icient utilization of nutrients may result in malnourishment (Maniragaba et al., 
2023). This may cause stunted growth, underweight, or body wasting in children 
(Maniragaba et al., 2023). According to WHO (2024) about 149 million children under 5 
suffer from stunting, 45 million from wasting, and 11 % of school-going are estimated to 
be too thin for their age. This has propelled global efforts toward reducing the 
malnutrition burden and long-term effects of nutrient de�iciency (Pike et al., 2021). Most 
countries have developed policies, strategies, and guidelines to govern public health 
interventions to improve the nutritional status of children (Chrissini & Panagiotakos, 
2022; Pike et al., 2021).  

Affordable strategies such as food forti�ication can be used to help avoid micronutrient 
de�iciencies without demanding drastic adjustments to nutritional habits or personal 
choices (Olson et al., 2021). Food forti�ication can be de�ined as the technique of adding 
micronutrients to food after harvest in order to enhance its nutritional quality and offer 
a low-risk health bene�it to the general public (FAO, IFAD, UNICEF, WFP, 2022). Food 
forti�ication is a signi�icant approach used to address micronutrient de�iciencies, 
especially in low- and middle-income countries (Olson et al., 2021; Rowe, 2020). These 
methods are very bene�icial to the economy, society, and health, especially when it comes 
to lowering infant mortality and nutritional de�iciencies (Olson et al., 2021). Public-
private sector collaborations are the most effective means of implementing large-scale 
food forti�ication while providing nutritious foods (Olson et al., 2021; J. Wang et al., 2022). 

https://www.amazon.com/dp/B0BG2NNHY6


Despite being inexpensive, forti�ication’s effectiveness is dependent on a number of 
variables, including widespread de�iciency and centralized processing (Bechoff et al., 
2023). A long-term and widely applicable sustainable strategy is provided by 
bioforti�ication, which increases the nutrient content of staple crops by breeding or 
genetic engineering (Rai et al., 2024; Shahzad et al., 2021).  

Amongst the vulnerable groups, children are more susceptible to malnutrition and 
nutrient de�iciencies (Wang & Stewart, 2013). As a key policy response to enhance 
children’s nutrition and health, school lunch programs have emerged as a critical strategy 
(Amoadu et al., 2024). School lunch programs improve the health of children and enhance 
their academic performance globally (Cohen et al., 2021; Wall et al., 2022). The Global 
Child Nutrition Foundation (2022) reported that about 330 million children received 
meals from the school feeding program comprising inhabitants from the Middle East and 
North Africa (8%), Sub-Saharan Africa (16%), South Asia, East Asia and Paci�ic (26%), 
and Europe, Central Asia, North America (47%).  

Research suggests that these initiatives can have a favorable effect on nutritional 
awareness, dietary practices, and the consumption of healthful foods (Colley et al., 2019). 
According to Alves Da Silva et al. (2023) these initiatives can address food insecurity, 
health disparities, and other broader social determinants of health. However, improving 
school nutrition and managing micronutrient de�iciencies is mostly dependent on 
national policies. In order to address nutritional inadequacies, government-mandated 
food forti�ication and supplementation are crucial tactics (Olson et al., 2021; Rowe, 2020). 
Nonetheless, implementation remains a challenge. A study conducted in Argentina 
discovered that school lunches’ nutritional value declined with time, especially in socially 
deprived areas, pointing to the necessity for better policies (Moyano et al., 2020). Zhong 
et al. (2023) reported as Canada formulates its national school food policy, international 
experiences drive towards the importance of prioritizing health before pro�it, 
guaranteeing accessibility for all to avoid stigma, and encouraging cross-cultural 
understanding. Effective school lunch programs can improve social skills, lower poverty, 
and increase educational attainment, among other bene�its beyond nourishment (Alves 
Da Silva et al., 2023).  

Policies that guarantee free school meals for all learners can reduce health disparities, 
enhance academic performance, and encourage social inclusion (Alves Da Silva et al., 
2023). Health should take precedence over corporatization, universal access should be 
provided to avoid stigma, and legislators should encourage cultural inclusivity to optimize 
health bene�its (Zhong et al., 2023). It is, therefore, advisable to provide free school meals 
to all children, enhance �inancing for better-quality meals, and uphold nutritional 
standards instead of lowering them (Ritchie, 2020; Zhong et al., 2023). Policymakers 
should consider these varied bene�its associated with school food programs to foster their 
effectiveness and success in enhancing children’s health and well-being. 

Research has shown how bioforti�ied crops can improve micronutrient status and health 
consequences (Rai et al., 2024). However, it is important to note that there are ongoing 



challenges pertaining to industry compliance, enforcement, and monitoring of 
forti�ication projects (Osendarp et al., 2018; Rowe, 2020). Current studies on food 
forti�ication and school meal programs highlight various opportunities and constraints. 
The success of large-scale food forti�ication projects in improving population nutrition is 
contingent upon the state of policy (Theriault et al., 2024).  

In Brazil, school menus were deemed suf�icient with potential for improvement in terms 
of decreasing the amount of highly processed foods and raising the number of fresh food 
options (Alves Da Silva et al., 2023; Azevedo et al., 2023; Rocha et al., 2023). In Indonesia, 
school meal programs were associated with better health and academic performance of 
school children; however, drawbacks such as �inancial constraints and operational 
dif�iculties existed (Rimbawan et al., 2023; Sekiyama et al., 2018). According to a study 
conducted in Canada, staff capacity and �inance were major impediments to the 
implementation of feeding interventions, whereas community engagement was a crucial 
facilitator (Carducci et al., 2024). McIsaac et al. (2019) also highlighted that stakeholder 
participation, cost implications, and alignment with fundamental school priorities are 
some of the challenges that affect the implementation of school nutrition policies (SNPs). 
Furthermore, policy interpretation, student school nutrition programs, and taxation 
hamper their progress (Boatemaa et al., 2018). Policy gaps, contradictions, and a lack of 
cross-sector coordination cause these factors. Governments need to take a more 
comprehensive strategy, addressing systemic concerns and creating suitable coordinating 
structures in order to promote food and nutrition security (Boatemaa et al., 2018). To 
support schools’ ability and desire to implement nutrition regulations successfully, 
dietitians and legislators should collaborate in policy formulations that affect school 
feeding programs (Mckenna, 2003). 

These previous studies underscore the signi�icance of policy review, stakeholder 
participation, and resource restrictions in school lunch programs. Therefore, this study 
aims to analyze the association between various national policies related to school 
feeding, nutrition, health, food safety, agriculture, and the private sector with the 
implementation of in-school food forti�ication among countries implementing school 
meal programs. Enhancing and strengthening these policies could improve food 
forti�ication practices in school feeding programs, thereby addressing the problem of 
hidden hunger among learners through school meal programs. 

 

2. Method 

2.1. Theoretical Foundation 

The granular interaction thinking of mindsponge theory (MT) was used in the 
conceptualization of the study, the construction of the parsimonious model, and the 
explanation of the �indings (Vuong & Nguyen, 2024a). At �irst, the mindsponge 
mechanism was developed to explain the dynamics of acculturation and global thinking 
of managers and organizations (Vuong & Napier, 2015). By incorporating evidence from 
life and neurosciences, the mindsponge mechanism was developed into MT later on 



(Vuong, 2023). MT is a mind’s information processing theory that considers the 
subjective cost-bene�it judgment in information multi-�iltering processes as the key point, 
determining information absorption and ejection processes (Vuong & Napier, 2015; 
Vuong, 2023; Mantello et al., 2023). Currently, MT has been updated into a granular 
interaction thinking theory with the granular interactions thinking mechanism as the key 
point (Vuong & Nguyen, 2024b). By incorporating the principles of quantum physics 
(Rovelli, 2018; Keppens, 2018; Rovelli, 2016) and Shannon’s information theory 
(Shannon, 1948), the updated MT proposes an entropy-based notion of value to enhance 
and strengthen its ability to explain the complexity of human behaviour shaped by 
various mental products which in�luence the actual actions (Vuong & Nguyen, 2024b; 
Davies & Gregersen, 2014).  

In MT, the mind is de�ined as an information collection-cum-processor. While this 
de�inition is typically applied to the mental processes of the human mind, it can also 
extend to a wide range of biological and social systems (Vuong, 2023). MT shows a high 
credibility to be used in studies of the mind in a collective level, at national level in 
particular (Duong et al., 2024; Vuong et al., 2022; Vuong et al., 2021). In this study, a nation 
is conceptualized as an information collection-cum-processor, or a collective mind. MT 
employs a granular worldview to elucidate the intricate interactions of information units 
within the mind, which are de�ined as the possible alternatives perceived by the mind. 
These information units, whether newly acquired or pre-existing, interact, cohabit, and 
connect within the mind to establish a mindset, a set of core values (i.e., information units 
that are deemed important for prolonging the existence of the system) (Vuong & Nguyen, 
2024b).  

In the current study, implementing in-school food forti�ication practices in school feeding 
programs can be deemed an outcome of the nation’s information process. For these 
practices to emerge and persist within the mind (i.e., implemented within the nation’s 
school feeding programs), there are several conditions need to be met. First, the 
information regarding in-school food forti�ication practices needs to be available and 
accessible to the nation. In other words, the nation needs to have access to the knowledge, 
manpower, and resources that enable the implementation of such practices. Second, the 
information needs to be justi�ied as bene�icial so it can pass through the multi-�iltering 
system of mind (or the nation). The multi-�iltering system is mainly based on the mindset 
to determine whether the information is bene�icial, neutral, or costly to the whole system. 
If the information is deemed bene�icial after interacting with the mindset, it will be given 
a higher probability of being stored and used within the mind (i.e., upheld and 
implemented within the nation). If it is deemed costly, the information will be discarded. 
If it is deemed neutral, the information is kept within the mind’s buffer zone for later 
evaluation.  

The current study focuses on examining the second condition. In other words, it attempts 
to examine the types of core values within the mindset that can be associated with the 
implementation of in-school food forti�ication practices in school feeding programs. In a 
nation, laws, policies, and standards play a pivotal role in guiding the national school meal 



programs to achieve their objectives, so they can be viewed as the mind’s core values or 
constituents of the mindset. School meal programs have three basic objectives, including 
nutrition, education, and value transfer (Kretschmer, Spinler, and Van Wassenhove, 
2014), which often require the involvement of national laws, policies, or standards related 
to school feeding, nutrition, health, food safety, agricultural issues, and private sectors. 
For example, in the United States, the Healthy, Hunger-Free Kids Act of 2010 signi�icantly 
impacted the National School Lunch Program (NSLP), leading to notable improvements 
in the Healthy Eating Index-2010 scores (Kinderknecht et al., 2020).  

Therefore, by examining the associations between the presence of these laws, policies, or 
standards and the implementation of in-school food forti�ication practices, the current 
study is expected to provide insights into the possible contributors or restraints of food 
forti�ication practices at the national level. 

2.2. Model Construction 

2.2.1. Dataset 

This study utilized a dataset of 126 government representatives who managed large-scale 
school meal programs in 126 different countries. The dataset is about the results of a 
global survey on school meal programs in 2021, which can be accessed publicly at the 
Global Child Nutrition Foundation (GCNF) Global Survey of School Meal Programs 
database (GCNF, 2022). GCNF is a non-political and non-pro�it entity. GCNF global survey 
was partly funded by the United States Department of Agriculture (USDA). This survey 
asked about national or large-scale school feeding programs (or school meal or school 
nutrition programs), including programs that are managed or administered by the 
national, regional, or local government, as well as large-scale school-based feeding 
programs that are managed by a non-governmental entity but in coordination with the 
national government. It also includes programs that do not involve the government but 
reach a substantial proportion of students in the country. 

A standardized questionnaire was used in data collection. This instrument was developed 
by GCNF. This survey included 11 sections. Four sections contain national-level questions, 
meaning that the respondents only need to complete these sections once for each country. 
The remaining seven sections contain program-level questions, meaning that the 
respondents completed these sections separately for each large-scale school feeding 
program in each country. Compared to the 2019 GCNF Global Survey of School Meal 
Programs, this 2021 global survey gathered updated information regarding 1) the scope 
of school feeding in each country in the most recently completed school year (2020-
2021), 2) government �inancing of, and involvement in, school feeding, 3) nutrition-, 
education-, and gender-related aspects of school feeding, 4) agricultural and private 
sector engagement, 5) related health and sanitation topics, and 6) the impact of 
emergencies. Among all variables, there were only seven variables employed in the 
current study’s statistical analysis to achieve the study objective (see Table 1).  

No demographic data was released on the GCNF Global Survey of School Meal Programs 
database, making the general characteristics of respondents remain con�idential. The 



data of focal point contact information included country’s name, survey started date, 
respondent’s name, institution/department/of�ice, job title, email, telephone number, 
and other contact options; Ministry/Agency and other contact options; was collected for 
GCNF administrative purposes only and were not be made publicly available in its 
database.  

2.2.2. Variable Selection and Rationale 

In the current study, we extracted seven variables from the GCNF dataset to be employed 
in statistical analysis (see Table 1). To measure six types of national policies, we employed 
variables of SchoolFeedingPolicy, NutritionPolicy, HealthPolicy, FoodSafetyPolicy, 
AgricuturePolicy, and PrivateSectorPolicy, which re�lect the presence of any national laws, 
policies, or standards related to school feeding practices in the country. To measure in-
school food forti�ication practices, we employed the variable FoodForti�ication, which 
re�lects the presence of any forti�ied food items served in the school meals program. Table 
1 below explains the variables’ description in detail. 

Table 1. Variable Description 

Variable’s Name Description Data Type Value 

SchoolFeedingPolicy 

The presence of any national 
school feeding laws, policies, 
or standards related to school 
meals program.  

Binary 

 

1 = Yes 

0 = No 

NutritionPolicy 

The presence of any national 
nutrition laws, policies, or 
standards related to school 
meals program.  

HealthPolicy 

The presence of any national 
health laws, policies, or 
standards related to school 
meals program.  

FoodSafetyPolicy 

The presence of any national 
food safety laws, policies, or 
standards related to school 
meals program.  

AgriculturePolicy 

The presence of any national 
agriculture laws, policies, or 
standards related to school 
meals program.  



PrivateSectorPolicy 

The presence of any national 
private sector laws, policies, 
or standards related to school 
meals program.  

FoodForti�ication 
The presence of any forti�ied 
food items served in school 
feeding program.  

 

2.2.3. Statistical Model 

In this study, we positioned the types of national policies as predictors of in-school food 
forti�ication practices among countries implementing school meal programs. We 
formulated the analytical model (see Figure 1) based on the theoretical foundation of MT 
as presented below: 

   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ~ 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛(𝜇𝜇, 𝜎𝜎)    (1) 

𝜇𝜇𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 ∗ 𝑆𝑆𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖 + 𝛽𝛽2 ∗ 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖  +  𝛽𝛽3 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖  +
 𝛽𝛽4 ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖  + 𝛽𝛽5 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖  +  𝛽𝛽6 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖  (2) 

   𝛽𝛽 ~ 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛(𝑀𝑀, 𝑆𝑆)       (3) 

The probability around 𝜇𝜇 is determined by the form of normal distribution, with the 
standard deviation 𝜎𝜎. The presence of any forti�ied food items served in the school meal 
programs of country 𝑖𝑖 is indicated by 𝜇𝜇𝑖𝑖 . 𝑆𝑆𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖, 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖, 
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖, 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖 , 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖, and 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖 are 
the types of national policies of country 𝑖𝑖. The model has an intercept 𝛽𝛽0 and six 
coef�icients, 𝛽𝛽1-𝛽𝛽6. The coef�icients of the predictor variables are distributed as a normal 
distribution around the mean denoted 𝑀𝑀 and with the standard deviation denoted 𝑆𝑆. The 
logical network of Model 1 is displayed in Figure 1 below.  

 
Figure 1. Model 1’s logical network 



2.2.4. Data Analysis and Validation 

Bayesian Mindsponge Framework (BMF) analytics was employed in the current study for 
several reasons (Nguyen, La, & Le, 2022; Vuong, Nguyen, & La, 2022). First, the analytical 
method integrates the logical reasoning capabilities of MT with the inferential advantages 
of Bayesian analysis, exhibiting a high degree of compatibility (Nguyen et al., 2022). 
Second, Bayesian inference is a statistical approach that treats all the properties 
(including the known and unknown ones) probabilistically (Csilléry et al., 2010; Gill, 
2015), enabling reliable prediction of parsimonious models. Nevertheless, utilizing the 
Markov chain Monte Carlo (MCMC) technique still allows Bayesian analysis to deal 
effectively with various intricate models, such as multilevel and nonlinear regression 
frameworks (Dunson,  2001). Third, Bayesian inference has various advantages over the 
frequentist approach. One notable advantage is the ability to utilize credible intervals for 
result interpretation instead of relying solely on the dichotomous decision based on p-
values (Halsey et al., 2015; Wagenmakers et al., 2018). The Bayesian analysis was 
performed on R using the bayesvl open-access package, which provides good 
visualization capabilities (La & Vuong, 2019).  

In Bayesian analysis, selecting the appropriate prior is required during the model 
construction process. Due to the exploratory nature of this study, uninformative priors or 
a �lat prior distribution were used to provide as little prior information as possible for 
model estimation (Diaconis & Ylvisaker, 1985). The Pareto-smoothed importance 
sampling leave-one-out (PSIS-LOO) diagnostics were employed to check the models’ 
goodness of �it (Vehtari & Gabry, 2019; Vehtari, Gelman, & Gabry, 2017). LOO is computed 
as follows: 

𝐿𝐿𝐿𝐿𝐿𝐿 = −2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝑙𝑙𝑙𝑙 = −2 � log � 𝑝𝑝(𝑦𝑦𝑖𝑖|𝜃𝜃)𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(−𝑖𝑖)(𝜃𝜃)𝑑𝑑𝑑𝑑
𝑛𝑛

𝑖𝑖=1

 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(−𝑖𝑖)(𝜃𝜃) is the posterior distribution calculated through the data minus data point 𝑖𝑖. 
The k-Pareto values are used in the PSIS method to compute the LOO cross-validation in 
the R loo package. Observations with k-Pareto values greater than 0.7 are often 
considered in�luential and problematic for accurately estimating LOO cross-validation. 
When a model’s k values are less than 0.5, it is typically regarded as being �it. 

If the model �its well with the data, we will proceed with the convergence diagnoses and 
results interpretation. In the current study, we validated the convergence of Markov 
chains using statistical values and visual illustrations. Statistically, the effective sample 
size (n_eff) and the Gelman–Rubin shrink factor (Rhat) can be used to assess the 
convergence. The n_eff value represents the number of iterative samples that are not 
auto-correlated during stochastic simulation, while the Rhat value is referred to as the 
potential scale reduction factor (Brooks & Gelman, 1998). If n_eff  is larger than 1000, it 
is generally considered that the Markov chains are convergent, and the effective samples 
are suf�icient for reliable inference (McElreath, 2018). As for the Rhat value, if the value 
exceeds 1.1, the model does not converge. The model is considered convergent if Rhat = 



1. Visually, the Markov chains’ convergence was also validated using trace plots, Gelman–
Rubin–Brooks plots, and autocorrelation plots. 

Data and code snippets of this statistical analysis were deposited 
at https://zenodo.org/uploads/12742823 for transparency and public evaluation. 

 

3. Results 

Before interpreting the results of BMF analytics, it is necessary to evaluate how well 
Model 1 �its the data. As can be seen in Figure 2, we found no value exceeding the 0.5 
threshold; the recommended value is below the 0.7 threshold. This indicates a good �it 
signal between the model and the data.  

 
Figure 2. Model 1’s PSIS-LOO diagnosis 

The posterior distribution statistics of Model 1 are shown in Table 2. All n_eff values are 
greater than 1000, and Rhat values are equal to 1, so it can be assumed that Model 1’s 
Markov chains are well-convergent. Table 2 below explains about posterior distribution 
statistics of Model 1, as illustrated in Figure 1.  

Table 2. Estimated results of Model 1 

Parameters Mean SD n_eff Rhat 

a_FoodForti�ication    0.63 0.11 7559 1 

b_SchoolFeedingPolicy_FoodForti�ication       -0.07 0.12 8800 1 

https://zenodo.org/uploads/12742823


b_NutritionPolicy_FoodForti�ication       -0.24 0.12 9124 1 

b_HealthPolicy_FoodForti�ication       -0.13 0.11 10641 1 

b_FoodSafetyPolicy_FoodForti�ication       0.23 0.11 11238 1 

b_AgriculturePolicy_FoodForti�ication       0.22 0.11 12468 1 

b_PrivateSectorPolicy_FoodForti�ication       -0.06 0.13 12764 1 

The convergence of Markov chains is also re�lected in the trace plots of Figure 3. In 
particular, after the 2000th iteration, all chains’ values �luctuate around the central 
equilibrium. 

 

 
Figure 3. Model 1’s trace plots 

The Gelman-Rubin-Brooks plots and autocorrelation plots also show that the Markov 
chains have good convergence. Gelman-Rubin-Brooks plots are used to evaluate the ratio 
between the variance between Markov chains and the variance within chains. The y-axis 
demonstrates the shrinkage factor (or Gelman-Rubin factor), while the x-axis illustrates 
the iteration order of the simulation. In Figure 4, the shrinkage factors of all parameters 
rapidly decrease to 1 before the 2000th iteration (during warm-up). This manifestation 
indicates that there are no divergences between Markov chains. 



 

 
 

Figure 4. Model 1’s Gelman-Rubin-Brooks plots 



The Markov property refers to the memory-less property of a stochastic process. In other 
words, iteration values are not auto-correlated with the past iteration values. 
Autocorrelation plots are used to evaluate the level of autocorrelation between iteration 
values. The plots in Figure 5 show the average autocorrelation of each Markov chain along 
the y-axis and the delay of these chains along the x-axis. Visually, after several delays 
(before 5), the autocorrelation levels of all Markov chains swiftly drop to 0, indicating that 
the Markov properties are preserved and the Markov chains converge well. 

 

 
Figure 5. Model 1’s autocorrelation plots 



Since all the diagnostics con�irm the convergence of Markov chains, the simulated results 
are eligible for interpretation. The estimated results of Model 1 show that among the six 
types of national policies, food safety policy and agriculture policy had a signi�icant 
positive association with in-school food forti�ication practices. In contrast, school feeding 
policy and private sector policy had ambiguous associations with these practices. 
Surprisingly, nutrition policy and health policy had a signi�icant negative association with 
in-school food forti�ication practices among countries implementing school meal 
programs (see Figure 6). The posterior distributions of the two coef�icients in Figure 6 lie 
entirely on the negative or positive side of the x-axis, indicating the high reliability of the 
results. 

Figure 6 below illustrates the estimated outcomes based on estimated coef�icients by 
using Mean values for computation because they have the highest probability of 
occurrence. The distribution of  b_FoodSafetyPolicy_FoodForti�ication and 
b_AgriculturePolicy_FoodForti�ication are fully located on the positive side of the x-axis, 
while the distribution of b_NutritionPolicy_FoodForti�ication and  
b_HealthPolicy_FoodForti�ication are situated on the negative side. These distributions 
signify the reliable positive association between FoodSafetyPolicy and AgriculturePolicy 
with FoodForti�ication and the negative association between NutritionPolicy and 
HealthPolicy with FoodForti�ication. 

 
Figure 6. Estimated coef�icients 



4. DISCUSSION 

The study employed the Bayesian Mindsponge Framework to analyze the association 
between national policies on school feeding, nutrition, health, food safety, agriculture, and 
the private sector with the implementation of food forti�ication in school meal programs.  

The presence of food safety and agriculture laws, policies, or standards related to school 
meal programs is positively associated with the implementation of in-school food 
forti�ication practices. This result is in line with Pawlak & Kolodziejczak (2020) and Wang 
et al. (2022), who reported that agriculture policies provide a platform for safeguarding 
vulnerable individuals such as school participants, expanding the availability and 
accessibility of a variety of nutritious foods while strengthening human and institutional 
capacity. This concurs with von Braun et al. (2023), who postulated that monitoring these 
policies and their implementation on a timely basis is critical. This could further include 
continuous assessment of feeding programs and nutrition pro�iles in attaining food 
security in schools. Asirvatham et al. (2022) and Cele & Mudhara (2022) also noted that 
the implementation of strategies that prioritize the production of food high in 
micronutrients and farmer market accessibility is essential. This will promote successful 
food safety results, which call for coordinated efforts from many stakeholders, such as 
distributors, farmers, and regulators, whose actions are in�luenced by incentives, 
knowledge, and capacities (Brouwer et al., 2020; Unnevehr, 2022). 

Findings suggest that food safety and agriculture policies effectively guide and support 
the implementation of in-school food forti�ication as part of the national school meal 
programs. MT views these national policies as core values deeply embedded in the 
collective mind of a nation, serving as essential benchmarks for the acceptance or 
rejection of new information or values related to food forti�ication (Vuong, 2023). For 
example, in the United States, the �irst food forti�ication policy was established in 1980 by 
the Food and Drug Administration (FDA), a federal agency within the Department of 
Health and Human Services. This policy, which outlined six basic principles of food 
forti�ication, continues to serve as a foundational guideline for food forti�ication practices 
in the U.S. today. In addition to FDA policies and regulations, some manufacturers also 
exercise discretion in supporting food forti�ication practices (Dwyer et al., 2015). 

MT views food forti�ication practices in school meal programs as a product of the nation’s 
information processing system. For these practices to emerge and be sustained within the 
national framework, the information regarding in-school food forti�ication must �irst be 
available and accessible to the nation. The information regarding food forti�ication 
practices includes knowledge and attitude of the human resources, the internal and 
external driving forces to catalyze food forti�ication practices, the available budget, access 
to forti�ied foods, etc. These elements enable a conformity assessment, or benchmarking, 
following regulated national policies, which are regarded as the nation’s core values. 

When food forti�ication practices align with these core values after a rigorous 
benchmarking process—where national policies act as a multi-�iltering system—these 
practices can be effectively implemented and maintained in school meal programs. This 



alignment results in a strong, positive correlation between national policies and in-school 
food forti�ication. Given the signi�icant role of food forti�ication in reducing the risk of 
nutrient de�iciency diseases such as beriberi, goiter, pellagra, and rickets over the past 
century (Dwyer et al., 2015), legal protection and adherence to national policies or 
standards are essential. This study underscores that food safety and agriculture policies 
help guide and support food forti�ication practices in school meal programs. 

In contrast, nutrition and health laws, policies, or standards were found to have a negative 
association with the implementation of in-school food forti�ication practices. These 
�indings were unexpected and contradict Pietinen et al. (2010), who attributed the 
success of forti�ication programs to effective nutrition policies. Similarly, Wojcicki and 
Heyman (2006) suggested that nutrition policies positively in�luence food choices and 
participation in school feeding programs. Wineman et al. (2022) also emphasized that 
school feeding programs typically complement other initiatives, such as health programs, 
which would suggest that their respective policies should positively in�luence food 
forti�ication. 

The negative associations observed in the study could be attributed to potential food 
wastage in school meal programs, where efforts to meet nutritional demands might result 
in plate waste due to lower consumption of forti�ied foods by students (Burgaz et al., 
2023; Sunding & Zilberman., 2001). Likewise, studies by Chaudhary et al. (2020) and 
Alonge et al. (2024) indicated that increased food production and the provision of readily 
available healthy foods positively impacted nutrition, although they also noted concerns 
about obesity and non-communicable diseases among children. However, other research 
has shown that food forti�ication can reduce nutrient de�iciencies and improve the 
nutritional status of children (Pike et al., 2021; Rowe, 2020). This improvement may be 
linked to the availability of healthy nutritional foods provided through school nutrition 
programs (Bundy, 2005; Grigsby-Duffy et al., 2022). Furthermore, Chaudhary et al. 
(2020) argued that school food programs and related interventions have the potential to 
improve dietary behaviors, attitudes, and anthropometric outcomes in young children, 
while also promoting healthy eating habits. As a result, schools have the capacity to 
implement long-lasting changes that create a healthier learning environment for children, 
enhancing both their short- and long-term health (Chaudhary et al., 2020). 

MT views the negative association between nutrition and health policies and in-school 
food forti�ication practices as an unconformity between the new information on food 
forti�ication and the nutrition and health policies in the mindset of the nation. This 
condition may exist potentially due to the incapabilities of meeting the following 
condition: The information regarding the in-school food forti�ication practices is justi�ied 
as costly for the nation based on the nutrition and health policies, so it cannot pass 
through the multi-�iltering system of the mind. 

FDA proposed some possible conditions for making food forti�ication practices favorable 
to the nation (Dwyer et al., 2015), as mentioned below: 



1. The nutrient intake without forti�ication is below the desirable content for a 
signi�icant portion of the population.  

2. The food being forti�ied is consumed in quantities that would make a signi�icant 
contribution to the population’s intake of the nutrient. 

3. The additional nutrient intake resulting from forti�ication is unlikely to create an 
imbalance of essential nutrients.  

4. The nutrient added is stable under proper conditions of storage and use. 
5. The nutrient is physiologically available from the food to which it is being added. 
6. There is reasonable assurance that it will not result in potentially toxic intakes. 

Assessing these six conditions reveals the possibility that the information on in-school 
food forti�ication, when benchmarked against nutrition and health policies, may not fully 
meet one or more of these criteria. This implies that such practices may not be considered 
favorable or suf�icient from the perspective of nutrition and health policies. 

In addition, the �indings also suggest that school feeding and private sector policies had 
unclear associations with in-school food forti�ication practices, likely due to incoherent 
policies on food forti�ication. These results align with Roothaert et al. (2021), who 
reported that unclear policies hindered the full adoption of school meal programs. Wang 
and Fawzi (2020) also noted that school meal programs do not employ a one-size-�its-all 
approach, which may in�luence the effectiveness of food forti�ication efforts. In contrast, 
van Stuijvenberg (2005) highlighted that food forti�ication had positive effects on growth, 
morbidity, micronutrient status, and cognitive function in school children. However, 
Tsang et al. (2016) pointed out that the involvement of the private sector in providing 
school meals might compromise policy goals, emphasizing the need for con�lict of interest 
protections. Challenges associated with private sector policies in implementing food 
forti�ication could be due to language barriers, limited resources, and the complex 
technologies involved (Reeve et al., 2018). Despite these challenges, Olson et al. (2021) 
argued that the private sector plays a crucial role in food forti�ication. Consequently, their 
policies could signi�icantly contribute to managing, building capacity for, implementing, 
monitoring, and advocating for food forti�ication practices in school meal programs 
(Olson et al., 2021).  

MT views this unclear association as a result of the nation’s information processing. When 
information on in-school food forti�ication practices interacts with the national 
mindset—particularly school feeding and private sector policies—it is perceived as 
neutral. Consequently, this information is kept in a buffer zone, awaiting further 
evaluation. This situation may arise from insuf�icient information on food forti�ication 
practices in school meal programs, including details about opportunities and challenges 
in relation to these two policies. 

 

5. Study Limitations 

This study is not without limitations. The nature of the cross-sectional study has made 
the changing value of the variables studied unmeasurable over time. This study may 



portray a certain situation at one time to show a pattern of events but may not show the 
dynamic changes of the situation in the �ield. The questionnaire used is a self-reported 
questionnaire by design. It might be less objective for measuring variables. A qualitative 
study employing in-depth interviews among policymakers and stakeholders or parties 
involved in school feeding program execution is needed to fully understand the impacts 
of various national policies on in-school food forti�ication practices.  

 

6. Conclusions 

Several national policies related to school meal programs signi�icantly impact in-school 
food forti�ication practices. Food safety policy and agriculture policy have a positive and 
signi�icant association with the in-school food forti�ication practices. Both policies 
effectively guide and support the implementation of in-school food forti�ication as part of 
the national school meal programs in implementing countries. The nutrition policy and 
health policy have a signi�icant negative association with food forti�ication practices. A 
reassessment of both policies is necessary to identify problematic clauses and make 
positive adjustments that can support in-school food forti�ication practices. School 
feeding policy and private sector policy have an ambiguous relationships with food 
forti�ication practices. Enhancing and strengthening these policies could potentially 
increase their positive impacts on in-school food forti�ication practices.  
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