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Abstract
Background: School-based nutrition education and meal programs are essential for enhancing children’s health, learning outcomes, and equity in access to nutritious food. This systematic review examines the synergistic effects of combining nutrition education, school meals, and supportive food environments on dietary behavior, academic achievement, and long-term development.
Methods: Following PRISMA 2020 guidelines, comprehensive searches were conducted across Scopus, PubMed, and ERIC for studies published between 2021 and 2025. Twenty-six studies met inclusion criteria and were appraised using the Mixed Methods Appraisal Tool (MMAT) and ROBINS-I frameworks. Evidence was synthesized under four themes: (1) classroom and experiential learning, (2) cafeteria choice architecture, (3) integrated multicomponent interventions, and (4) policy and human capital outcomes.
Results: Integrated interventions significantly improved nutrition literacy, dietary diversity, and fruit and vegetable intake while reducing waste. Experiential learning—gardening, cooking, and sensory-based education—was especially effective in fostering lasting behavioral change. Programs integrating educational content with environmental adjustments, such as meal presentation and recess timing, achieved stronger and more sustainable impacts. National school meal policies enhanced attendance, academic success, and equity, underscoring their role in reducing inequality and promoting socioeconomic advancement.
Conclusion: Integrating nutrition education with meal programs provides a scalable, sustainable approach to improving child health and educational outcomes. Policymakers should strengthen these systems through cross-sector collaboration, standardized evaluation, and continued investment in universal nutrition programs that promote health, learning, and human capital development.
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1. Introduction
School-based nutrition education programs are instrumental in shaping students’ dietary behaviors and improving health outcomes globally. These programs elevate nutritional knowledge and awareness, as evidenced by studies demonstrating significant positive changes in children’s food choices and eating patterns through comprehensive interventions (Collado-Soler et al., 2023; Xu et al., 2022; O’Brien et al., 2021). Such initiatives, particularly when integrated with school meal programs, create an environment conducive to fostering healthy dietary habits that can persist beyond childhood (Karecka et al., 2023; Hamułka et al., 2018). The integration of education and food provision ensures that students not only learn about nutrition but also apply this knowledge daily, reinforcing behavior change through experience.
Integrating nutrition education within school lunch programs enhances both learning and health, affirming that effective dietary practices can lead to better academic performance and overall wellbeing (Nwachan et al., 2024; Sarr et al., 2017). Schools serve as vital platforms for delivering health education, helping to establish consistent dietary habits that mitigate challenges such as childhood obesity, undernutrition, and micronutrient deficiencies (Emiroğlu et al., 2022; Schultz & Bundy, 2022). When aligned with structured meal programs, nutrition education helps create food environments that normalize balanced eating and provide equal access to nutritious foods, particularly in low-resource contexts. This dual approach—education coupled with access—underscores the pivotal role schools play in shaping not only students’ health trajectories but also their cognitive and social development.
Educational institutions have evolved as critical platforms for both learning and nutrition intervention. Traditionally viewed solely as academic environments, schools now serve as integrated systems addressing public health challenges, including malnutrition and obesity, through comprehensive nutrition education and meal provision (Haddad et al., 2015; Ickes et al., 2014; Sidaner et al., 2012). For instance, the Brazilian School Feeding Program (PNAE) exemplifies a successful integrated approach that aligns nutrition education with national food security and sustainability goals, enhancing both dietary intake and educational outcomes (Sidaner et al., 2012). This holistic framework—linking health, education, and agriculture sectors—has been replicated and adapted worldwide, reinforcing the understanding that nutrition and education are mutually reinforcing components of human development. Schools, therefore, are not merely spaces for cognitive instruction but also transformative environments that foster health equity and social inclusion.
Despite significant progress, harmonizing nutrition policies with educational objectives across diverse regions remains a pressing challenge. Persistent barriers such as limited funding, inadequate infrastructure, and insufficiently trained personnel often hinder effective implementation and sustainability (Quaidoo et al., 2022; Esdaile et al., 2024; Gillespie et al., 2013). Moreover, the lack of intersectoral coordination between health and education systems reduces program coherence and impact. Yet, there are emerging opportunities to bridge these gaps through multisectoral collaboration and participatory governance models. Evidence from recent initiatives shows that collaboration among educators, policymakers, nutrition experts, and community members enhances policy effectiveness and cultural relevance (Quaidoo et al., 2022; Cullerton et al., 2018). Localized adaptation, particularly in program design and menu planning, can improve both acceptance and sustainability of school-based interventions (Baker et al., 2018; Olstad et al., 2017). These findings emphasize the importance of context-specific implementation and stakeholder engagement in ensuring that nutrition education and meal programs achieve their intended outcomes.
In summary, the convergence of nutrition education and school meal programs presents a robust strategy for improving both health and educational outcomes. This review aims to systematically examine the global evidence on integrated school-based nutrition programs, focusing on their effectiveness, contextual determinants, and contributions to long-term human capital development. By adopting a systems perspective, the paper seeks to illuminate how the interplay of education, policy, and practice can create sustainable improvements in dietary behavior, learning outcomes, and equity. The synthesis presented herein contributes to a growing body of literature emphasizing that learning to eat and eating to learn are interdependent processes foundational to lifelong wellbeing and societal progress.
2. Methods
2.1 Search Strategy
To effectively identify studies on school-based nutrition education and meal programs, a robust database search strategy was developed using Boolean logic and field-specific operators. Databases such as Scopus, PubMed, CINAHL, and ERIC were utilized to ensure comprehensive coverage across education, health, and behavioral sciences. Boolean operators AND, OR, and NOT were systematically applied to refine search precision and recall (Beyer & Wright, 2012; Dudley et al., 2015). For instance, the following search string was employed:
(“school-based nutrition education” OR “nutrition literacy” OR “school meal programs” OR “school feeding”) AND (“dietary behavior” OR “academic performance” OR “student health” OR “learning outcomes”).
The search strategy was further refined by limiting the publication period from 2021 to 2025 and including only peer-reviewed journal articles written in English. Subject terms and controlled vocabularies (e.g., MeSH and ERIC descriptors) were incorporated to enhance the relevance of search outputs (Baker et al., 2024). Supplementary searches were conducted in Google Scholar and policy databases to capture grey literature meeting inclusion standards. Reference lists of included studies and relevant reviews were also screened to identify additional eligible publications.

2.2 Eligibility Criteria
Inclusion and exclusion criteria were designed to maximize both rigor and comprehensiveness, consistent with systematic review best practices. Eligible studies met the following inclusion criteria:
· School-based interventions focusing on nutrition education, school meals, or integrated programs combining both components.
· Quantitative, qualitative, or mixed-methods designs reporting outcomes related to dietary behavior, health, or academic performance.
· Studies conducted in primary, secondary, or comparable educational settings.
· Publications from 2021 to 2025 available in English.
Exclusion criteria were applied to maintain internal validity and focus:
· Studies conducted in non-school settings (e.g., community, workplace, or clinical contexts).
· Articles lacking empirical data (e.g., opinion pieces, editorials, or commentaries).
· Studies focusing solely on nutrient supplementation without an educational component.
· Non-systematic reviews (though used for background and reference mining).
The balance between inclusivity and selectivity was critical for ensuring validity while maintaining sufficient breadth. Narrow inclusion criteria strengthen methodological rigor but may overlook relevant contextual evidence, whereas broader inclusion risks reduced internal consistency (Stillwell et al., 2017; Hong et al., 2018; Franzel et al., 2013). Accordingly, the inclusion framework prioritized interventions with clear educational or behavioral mechanisms and measurable outcomes.

2.3 Screening and Selection Process
The selection process followed the PRISMA 2020 guidelines to ensure transparency and reproducibility. All retrieved records were imported into a citation management software (e.g., Mendeley, Covidence) for deduplication and screening. A two-stage review process was implemented:
1. Title and abstract screening by two independent reviewers to eliminate clearly irrelevant studies.
2. Full-text review of potentially eligible studies to confirm inclusion criteria compliance.
Disagreements were resolved through consensus or consultation with a third reviewer. The PRISMA flow diagram was used to document each stage—identification, screening, eligibility, and inclusion—and record the number of studies excluded with justifications. A total of 216 records were identified initially; following screening and eligibility assessment, 26 studies were included in the final synthesis.
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2.4 Quality Assessment
To evaluate methodological robustness, the review employed established tools tailored to study designs:
· PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) ensured transparency and completeness in reporting (King et al., 2022).
· MMAT (Mixed Methods Appraisal Tool) was applied to assess the quality of mixed-methods and qualitative studies (Hong et al., 2018; Yoong et al., 2020).
· Cochrane RoB 2 and ROBINS-I were used for randomized and non-randomized quantitative studies, respectively, focusing on bias domains such as selection, performance, and reporting.
Each included study was rated for methodological quality, clarity of intervention description, and consistency of outcome measures. The integration of these tools allowed for a nuanced understanding of evidence strength across diverse methodological traditions. Findings from the quality assessment informed the synthesis phase, ensuring that interpretations were weighted according to the robustness and reliability of the included studies.
3. Theoretical Background
3.1 Relevant Theories and Models
Behavior change theories offer crucial frameworks for understanding how students adopt and sustain healthy dietary behaviors within school environments. Two dominant models underpinning school-based nutrition interventions are the Social Cognitive Theory (SCT) and the Theory of Planned Behavior (TPB). The SCT emphasizes the reciprocal interaction between personal, behavioral, and environmental influences in shaping dietary habits. It posits that individuals learn through observation, imitation, and reinforcement, suggesting that students model behaviors observed in peers, teachers, or cafeteria contexts (Sell et al., 2016). Within school settings, SCT-based interventions have demonstrated how role modeling, positive reinforcement, and supportive food environments can strengthen children’s self-efficacy and motivation toward healthy eating.
The Theory of Planned Behavior (TPB), on the other hand, asserts that behavioral intentions are determined by attitudes, subjective norms, and perceived behavioral control. In school nutrition contexts, TPB has been instrumental in explaining how beliefs about health benefits, peer expectations, and perceived ability to access healthy foods influence students’ dietary intentions (Roberts et al., 2020). Studies employing TPB frameworks among school nutrition staff and students highlight the importance of fostering positive attitudes and perceived control to improve food safety and consumption behaviors. Together, SCT and TPB form a theoretical foundation for designing interventions that target both cognitive and environmental determinants of behavior, enabling a deeper understanding of how school-based nutrition programs can achieve sustainable outcomes.

3.2 Nutrition Literacy, Experiential Learning, and Long-Term Outcomes
Connecting nutrition literacy, experiential learning, and long-term educational or health outcomes provides a comprehensive framework for interpreting how knowledge translates into sustained behavior change. Nutrition literacy encompasses the cognitive and functional skills that enable individuals to access, understand, and apply information about healthy eating (Krause et al., 2016). Within school-based programs, literacy development ensures that students are equipped to make informed choices both inside and outside the classroom.
Experiential learning, as conceptualized in constructivist education models, reinforces knowledge through hands-on activities such as cooking, gardening, and taste-testing. These participatory approaches bridge theory and practice by allowing students to apply learned concepts in real contexts. Evidence demonstrates that experiential learning promotes not only healthier eating habits but also cognitive and psychosocial growth, including teamwork, problem-solving, and critical thinking (Chilón-Troncos et al., 2024). Integrating nutrition literacy and experiential learning thus positions schools as living laboratories for cultivating life skills that extend beyond nutrition, contributing to academic success and human capital development.

3.3 Historical Development of School Nutrition Education
Globally, school feeding and nutrition education programs have evolved from basic supplementation schemes to integrated, multidimensional systems addressing health, learning, and equity. Historically, early feeding programs aimed primarily to improve caloric intake and attendance among undernourished populations. Over the past two decades, the focus has shifted toward incorporating nutrition education and participatory learning into meal programs to address broader developmental goals (Wineman et al., 2022; Rector et al., 2021; Al-Jawaldeh et al., 2023).
This shift reflects a growing recognition that providing food alone is insufficient to influence sustained behavior change or educational outcomes. Instead, modern programs incorporate active engagement, linking education with meal experiences, such as garden-based curricula and culinary workshops, to cultivate lifelong healthy eating behaviors (Lakshman et al., 2010). Integrated models, such as those supported by the Food and Agriculture Organization (FAO), align with global priorities for sustainable development, emphasizing nutrition-sensitive education systems that contribute to both health and learning outcomes.

3.4 Policy Milestones and Global Frameworks
Since 2010, several international policy frameworks have shaped the advancement of nutrition education within schools. The FAO’s School Food and Nutrition Framework and the World Health Organization’s Global Strategy on Diet, Physical Activity, and Health have strengthened national school meal standards and curriculum-based food education (Samnani et al., 2024). In parallel, initiatives such as the Global School Feeding Coalition and the Sustainable Development Goals (SDGs) have reinforced nutrition as a pillar of educational equity and lifelong wellbeing (Hanninen & Rashid, 2018; Burkhart et al., 2022). These policy developments have catalyzed national reforms—particularly in low- and middle-income countries—where improving meal quality and accessibility is linked directly to enhanced learning and social inclusion (Rathi et al., 2017; Follong et al., 2022).
Such global efforts underscore a shift toward evidence-based and contextually adaptable school nutrition frameworks that integrate nutrition education into core curricula. They advocate for systems-level approaches that view nutrition not merely as a health intervention but as a determinant of human development.

3.5 Debates and Controversies
A central debate in the field concerns the relative effectiveness of nutrition education versus environmental interventions in promoting dietary behavior change. While educational programs effectively raise awareness, critics argue that without supportive food environments, knowledge alone is insufficient to drive sustained behavior modification (Mozaffarian et al., 2012; Fink et al., 2018). Studies reveal that combining environmental modifications—such as healthier cafeteria offerings—with targeted education yields more substantial outcomes than education alone. Nonetheless, there remains ongoing discussion about the scalability and cost-effectiveness of integrated models across diverse socio-economic contexts.
Additionally, cultural, social, and logistical factors play critical roles in shaping the success or failure of school meal policies. Cultural preferences and traditional dietary norms influence meal acceptance and participation rates (Alcântara et al., 2019). Socioeconomic determinants—such as parental education, income, and local food availability—affect students’ access to nutritious meals (Asakura et al., 2021). Furthermore, implementation challenges, including insufficient funding, staff shortages, and resource inequities, hinder the consistent delivery of high-quality meals (Burkhart et al., 2022). Addressing these multidimensional challenges requires policy coherence, community engagement, and localized adaptation to ensure sustainability and inclusivity in school nutrition systems.
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Figure 2. Conceptual Framework: Theory-of-Change Linking Education, Environment, and Policy

4.1 Classroom & Experiential Nutrition Education
Pedagogical models that effectively enhance nutrition knowledge and influence eating behavior among school children emphasize participation-oriented and experiential learning approaches. These models prioritize active engagement, critical thinking, and hands-on participation, which collectively contribute to lasting behavior change. Evidence demonstrates that programs incorporating interactive tools—such as card games, storytelling, and workshops—significantly improve students’ nutrition knowledge and awareness (Rimbawan et al., 2023). Likewise, experiential interventions involving cooking classes, school gardens, and sensory-based education deepen students’ understanding of food sources and nutrition while encouraging healthier food preferences (Laitinen et al., 2022). For example, students who engage in preparing or cultivating food demonstrate improved dietary choices and a higher propensity to select fruits and vegetables, reflecting the effectiveness of such participatory educational strategies (Laitinen et al., 2022).
Experiential learning is particularly effective in shaping food acceptance and consumption behaviors. Garden-based learning and cooking sessions create a tangible connection between children and their food, leading to greater appreciation for fresh produce and heightened willingness to try new foods (Rector et al., 2021; Laitinen et al., 2022). These programs move beyond passive information transfer by fostering direct engagement with the food environment. Research shows that participation in school gardens enhances students’ comprehension of food systems while increasing actual fruit and vegetable intake (Rector et al., 2021). Moreover, sensory education interventions, where students taste and discuss foods of varying flavors and textures, have been shown to increase acceptance of a broader range of nutritious foods (Cohen et al., 2021). Such sensory experiences are vital for developing positive food attitudes that endure throughout adolescence.
The success of classroom-based nutrition interventions hinges on the roles of teachers, parents, and peers. Teachers serve as facilitators of learning and role models for healthy behaviors. Their motivation, knowledge, and training directly impact program delivery and student engagement (Heim et al., 2022). Well-prepared educators can create interactive environments that promote curiosity and reinforce the health benefits of nutritious eating. Parental involvement complements school-based efforts by extending nutrition education into the home setting. Parents who are informed and aligned with school initiatives reinforce healthy dietary habits through consistent messages and food availability (Rimbawan et al., 2023). Additionally, peer dynamics exert a substantial influence on food choices—children often emulate peers’ eating behaviors, creating social norms that can either encourage or hinder healthy food acceptance (Rossi et al., 2021). Collaborative and peer-driven classroom activities amplify these positive influences, turning social learning into a mechanism for behavior reinforcement.
Another crucial determinant of program effectiveness is implementation fidelity—the degree to which an intervention is delivered as originally designed. High fidelity ensures that educational components, materials, and experiential activities are executed consistently, thereby maximizing program impact (França et al., 2024). Studies show that strong adherence to structured nutrition curricula correlates with significant improvements in dietary knowledge and behavior, while low fidelity can attenuate outcomes due to missed key components or inconsistent delivery (Sagbo & Kpodji, 2023). Sustained monitoring, coaching, and resource support for teachers can mitigate fidelity challenges and enhance program sustainability (Locke et al., 2024; Cohen et al., 2021). In particular, fidelity monitoring enables schools to adapt implementation strategies without compromising program integrity, fostering long-term behavioral change.
In summary, classroom and experiential nutrition education represents a critical pathway for promoting health literacy and dietary behavior transformation among children. The integration of interactive pedagogies, teacher engagement, parental reinforcement, and peer modeling forms a synergistic foundation for success. However, consistent implementation, context-specific adaptation, and fidelity assurance remain essential for achieving durable outcomes. The evidence underscores that when education transcends didactic instruction and incorporates experiential, collaborative, and sensory dimensions, it not only strengthens nutritional knowledge but also embeds healthy eating as a learned and lived behavior.

Table 1. Classroom & Experiential Nutrition Education Studies (Theme 4.1)
	Author/Year
	Research Context
	Methodology/Design
	Intervention Components
	Key Findings
	Strengths/Limitations

	Chawner et al., 2024
	UK preschools and early primary
	Experimental feasibility study
	Vegetables-served-first, experiential learning (songs, videos)
	Improved vegetable intake (~12 g); high feasibility
	Strength: Practical implementation; Limitation: short duration

	Adeoya et al., 2023
	Nigeria primary schools
	Quasi-experimental pre–post
	Classroom module on nutrition knowledge
	Improved nutrition knowledge and attitudes
	Strength: clear gains; Limitation: no biomarker data

	Laitinen et al., 2022
	Finland primary schools
	Quasi-experimental, 25 schools
	“Tasty School” teacher-delivered education
	Increased balanced meal consumption; improved social dining
	Strength: multi-site design; Limitation: self-reports

	Sapwarobol & Hataichanok, 2024
	Thailand preschools
	Pre–post intervention
	“Hero Plate” multicomponent program (education + lunch menus)
	Increased vegetable (+127%) and fruit (+45%) intake
	Strength: integration of education and menu; Limitation: short-term

	Jones et al., 2023
	Caribbean region
	Policy/process evaluation
	Revised curriculum on NCD prevention
	Enhanced curriculum integration; implementation challenges
	Strength: policy relevance; Limitation: no behavioral data


This table synthesizes representative studies illustrating the effectiveness of classroom and experiential learning models in advancing children’s nutrition knowledge and healthy eating behaviors.
4.2 Meal Service Design & Cafeteria Choice Architecture
Evidence increasingly supports the effectiveness of cafeteria-based nudges and service design modifications—including portion adjustments, strategic food placement, and labeling—in promoting healthier eating behaviors among schoolchildren. These interventions are grounded in behavioral economics principles, emphasizing subtle environmental cues to guide decision-making without restricting choice. Studies demonstrate that placing fruits and vegetables at the beginning of the cafeteria line or at eye level significantly increases their selection and consumption rates (Cohen et al., 2021). A systematic review of school meal interventions found that labeling healthy foods with appealing descriptors and making them more visible and accessible led to measurable improvements in students’ food choices, confirming that small adjustments in presentation can shape dietary behavior (Cohen et al., 2021). Furthermore, offering pre-sliced fruits and incorporating interactive food experiences (e.g., salad bars and choice menus) enhances the attractiveness of nutritious options, increasing uptake and reducing waste (Cohen et al., 2021).

Timing, Recess, and Meal Duration
The timing of meals within the school schedule—specifically the placement of recess and the duration allocated for eating—plays a pivotal role in determining both consumption and waste levels. Empirical findings suggest that when recess occurs before lunch, children approach their meals with greater appetite, leading to increased consumption and reduced plate waste (Cohen et al., 2021). Conversely, shorter meal periods contribute to rushed eating and lower intake of healthy items. Studies indicate that extending lunch durations to approximately 30 minutes allows students adequate time to eat and enjoy their meals, significantly improving overall dietary quality and satisfaction while minimizing leftovers (Rector et al., 2021). The strategic structuring of mealtime logistics thus contributes to optimizing food utilization and reinforcing healthy eating habits.

Operational and Environmental Factors
Operational and physical aspects of cafeteria environments profoundly shape eating behaviors and waste outcomes. Research indicates that food accessibility, placement, and presentation aesthetics are key determinants of student choice and consumption (França et al., 2024). Healthier foods placed in prominent or visually appealing positions—such as at the front of the serving line or at eye level—tend to be selected more frequently, contributing to better dietary balance and reduced waste. Additionally, factors like noise levels, seating comfort, and crowding influence the dining experience, affecting both consumption and meal satisfaction (Nakagiri et al., 2024). Qualitative insights reveal that competition from external food vendors and perceptions regarding meal quality and freshness also influence participation in school meal programs, sometimes diverting students toward less nutritious alternatives (Heim et al., 2022). Addressing these operational challenges requires coordinated policy and environmental strategies to ensure that school cafeterias remain attractive, functional, and conducive to healthy eating.

Interaction Between Service Design and Educational Efforts
The effectiveness of service design strategies is amplified when integrated with educational interventions. Educational initiatives alone can raise awareness but are most impactful when complemented by a supportive food environment that reinforces learned behaviors (Laitinen et al., 2022). For instance, pairing nutrition education with cafeteria interventions—such as improved menu presentation, adjusted portion sizes, and positive reinforcement from teachers—creates a synergistic effect that strengthens students’ motivation to choose healthier foods. Combining experiential learning (e.g., gardening, cooking classes) with practical exposure during meal times encourages the internalization of nutritional concepts and transforms knowledge into consistent behavior (Rimbawan et al., 2023). These integrated strategies demonstrate that education and environment must operate in tandem to generate meaningful and sustainable shifts in dietary behavior.

Synthesis and Implications
Collectively, evidence underscores that service design, timing, and environmental context are central to optimizing the nutritional impact of school meal programs. Behavioral nudges—when systematically implemented within well-managed cafeterias—offer a cost-effective and scalable means of influencing dietary habits. Moreover, aligning these operational strategies with curricular nutrition education creates a holistic systems approach, bridging behavioral science and pedagogical practice. Policymakers and school administrators are thus encouraged to adopt cafeteria design frameworks that not only promote healthier choices but also complement ongoing education initiatives, ensuring consistent reinforcement of healthy behaviors across learning and eating spaces.

Table 2. Meal Service Design & Cafeteria Choice Architecture Studies (Theme 4.2)
	Author/Year
	Geographical Scope
	Analytical Framework/Design
	Results (Selection, Consumption, Waste)
	Implications

	Systematic Review (PROSPERO CRD42021244688), 2021
	USA (national/district)
	Review of choice architecture interventions
	Nudges and labeling improved selection; no consistent effect on consumption; post-HHFKA standards increased meal intake
	Combine labeling and accessibility with menu reform; measure both selection and intake

	Chawner et al., 2024
	UK preschools
	Experimental (vegetables-first)
	Increased vegetable intake (~12 g); high acceptability
	Low-cost intervention; recommend school co-design for sustainability

	França et al., 2024
	Brazil (Bahia)
	Observational cafeteria mapping
	Healthier options positioned prominently reduced waste; environmental context shaped selection
	Align cafeteria design with local food environments

	Nakagiri et al., 2024
	Japan
	Quantitative observational
	Cafeteria noise, time-to-eat, and class size affected meal satisfaction and leftovers
	Adjust scheduling and infrastructure to improve eating experience

	Heim et al., 2022
	Multi-country qualitative
	Interviews and focus groups
	Competition with vendors, perceived food quality affected participation
	Strengthen internal food quality standards; regulate nearby vendors


This table summarizes global evidence demonstrating how cafeteria layout, timing, and environmental design influence student food selection, intake, and waste outcomes.
4.3 Integrated Multicomponent Packages (Education + Meals + Environment)
Integrated interventions that combine school meals, nutrition education, and supportive environmental components have demonstrated substantial improvements in both dietary and educational outcomes among students. These multicomponent programs address not only what students eat but also how and why they make food choices, thus creating a comprehensive learning and health-promoting ecosystem. Programs that provide nutritious meals coupled with structured education on healthy eating cultivate an environment where knowledge is directly reinforced through practice (Heim et al., 2022). Such synergy enhances nutrient intake, builds awareness of balanced diets, and encourages consistent healthy eating habits. Evidence shows that students exposed to integrated initiatives are more likely to select and consume healthier foods when nutritional education is paired with the availability of appealing, nutritious meals (Rimbawan et al., 2023). Furthermore, experiential components—such as gardening, cooking lessons, and food-tasting activities—have been shown to enhance children’s understanding of food systems and reinforce healthy behaviors both inside and outside school (Rector et al., 2021).
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Figure 3. Synergistic Model of Education–Meal–Environment Integration in Schools.

Synergy Between Education and Food Service Reforms
A growing body of research supports the existence of strong complementarities between classroom education and cafeteria reforms. Integrating education with food service improvements—such as introducing colorful meal presentations, increasing fruit and vegetable variety, and modifying portion sizes—produces measurable improvements in students’ food preferences and consumption patterns (Cohen et al., 2021). For example, when educational activities about nutrition coincide with structural enhancements in meal quality, students demonstrate heightened appreciation for healthy foods, leading to increased selection of nutritious options and reduced plate waste (Jones et al., 2023). Moreover, studies in Japan and other contexts emphasize that school environments combining education, organized meal presentation, and teacher participation during lunch enhance the social and behavioral dimensions of eating, promoting attentiveness and community (Nakagiri et al., 2024). The alignment of educational strategies and structural reforms thus amplifies the overall impact of school nutrition programs by ensuring that learning and practice reinforce one another (Verguet et al., 2023).

Implementation Challenges and Enablers
Scaling up integrated school nutrition programs requires addressing both implementation barriers and facilitating factors. Common challenges include financial constraints, resource limitations, and institutional inertia, which hinder the establishment and sustainability of meal-education-environment frameworks (Rector et al., 2021). Resistance to behavioral change among staff or school administrators can also impede integration efforts. Conversely, successful programs highlight the importance of stakeholder engagement—including teachers, parents, and local communities—in enhancing program acceptance and ownership (Heim et al., 2022). Initiatives incorporating hands-on learning experiences such as cooking or school gardening not only improve nutritional literacy but also strengthen stakeholder buy-in by linking education with tangible community outcomes (Sagbo & Kpodji, 2023). Capacity-building workshops, resource sharing, and multi-sectoral partnerships across health, education, and agriculture sectors further facilitate scalability and long-term sustainability.

Cost-Effectiveness and Long-Term Impact
Evidence indicates that integrated school-based nutrition programs yield significant health and educational returns on investment. Evaluations consistently report dual benefits—improved nutritional outcomes, such as reduced anemia rates and enhanced dietary diversity, alongside better educational outcomes, including increased attendance, improved concentration, and higher academic performance (Rimbawan et al., 2023; Verguet et al., 2023). These interventions are also associated with positive social and economic externalities, such as greater food security, improved gender equity, and strengthened local food systems (Pienaah et al., 2024). The holistic integration of nutrition and education therefore represents an economically efficient strategy for human capital development. Cost-effectiveness analyses suggest that the long-term gains in learning outcomes, productivity, and health outweigh program costs, supporting calls for sustained governmental investment and international collaboration.

Synthesis and Implications
The collective evidence underscores that integrated nutrition education, meal provision, and environmental interventions form a powerful triad for improving children’s wellbeing and academic potential. The synergy among these components not only enhances immediate dietary behaviors but also supports the development of lifelong healthy habits. Programs that bridge education with tangible food experiences cultivate both cognitive understanding and behavioral reinforcement, ensuring that nutrition learning extends beyond the classroom. Successful implementation depends on sustained stakeholder collaboration, adequate funding, and adaptive frameworks that accommodate local cultural and contextual nuances. Moving forward, policymakers and educators are encouraged to institutionalize integrated nutrition systems within school curricula and national health policies to achieve scalable, equitable, and sustainable impacts.

Table 3. Integrated Multicomponent Packages (Education + Meals + Environment)
	Author/Year
	Sample/Case
	Variables/Concepts Examined
	Outcomes
	Critical Notes

	Sapwarobol & Hataichanok, 2024
	Thailand preschools
	U4HK program: education + hero menus + materials
	↑ Vegetable (+127%) and fruit (+45%) intake; improved nutrient profile
	Integrated approach; short-term; no control

	Indonesia Boarding School Program, 2023
	Secondary students (n=319)
	Nutrition education + school meal program
	Improved KAP, ↑ iron/protein intake, ↓ anemia
	Strong biomarker outcomes; pre–post design only

	Dodoma, Tanzania, 2022
	Secondary schools (10 sites)
	School gardens + meal programs + WASH education
	Stakeholder support; feasibility confirmed; infrastructure challenges
	Illustrates feasibility, not impact

	Japan, 2024
	National lunch program
	Nutrition teacher presence + logistics (time-to-serve, class size)
	Lower leftovers, improved awareness
	Highlights interaction between education & service design


This table summarizes evidence demonstrating that multicomponent programs integrating meals, education, and supportive environments enhance both dietary outcomes and educational achievement.
4.4 Policies, Food Environments & Long-Run Human Capital
National school meal policies exert long-term effects on human capital development, influencing educational attainment, employment outcomes, and income levels. Evidence consistently indicates that access to nutritious meals during childhood enhances cognitive development, school attendance, and academic performance (Heim et al., 2022). Improved learning outcomes, in turn, contribute to greater employability and higher income in adulthood (Verguet et al., 2023). Studies have found that students who participate in sustained school meal programs gain essential educational qualifications that enhance their long-term employment prospects and earning potential. Thus, school nutrition programs are not merely welfare interventions but strategic investments in economic productivity and national human capital formation.

Food Environment and Program Effectiveness
The food environment surrounding schools plays a pivotal role in determining the success of government feeding and nutrition initiatives. Factors such as the proximity of fast-food outlets, the presence of healthy food vendors, and the overall community food culture influence students’ daily consumption patterns (França et al., 2024; Cohen et al., 2021). When schools are embedded in neighborhoods with accessible and appealing healthy food options, students are more likely to make nutritious choices (Rector et al., 2021). Conversely, environments dominated by unhealthy food outlets undermine school-based nutrition efforts, diminishing their intended health benefits and increasing resource inefficiency (França et al., 2024). A supportive food ecosystem—through policy measures such as zoning, vendor regulation, and partnerships with local food producers—is therefore vital to amplify the positive outcomes of school feeding programs.

Equity and Distributional Impacts
The distributional and equity effects of universal versus targeted school meal policies reveal important distinctions in access and inclusivity. Universal school meal programs, which provide meals to all students regardless of socioeconomic background, promote equity by reducing stigmatization and improving participation across diverse income groups (Collado-Soler et al., 2023). This inclusivity ensures that all children benefit from enhanced dietary quality, leading to improvements in health and educational indicators across populations. In contrast, targeted programs may efficiently serve low-income students but can unintentionally reinforce social disparities by excluding borderline or unregistered groups. Research highlights that universal schemes are associated with higher attendance, better academic outcomes, and improved health equity, positioning them as preferred models for large-scale social impact.
Administrtive Data Linkages and Longitudinal Insights
The growing integration of administrative education and health databases presents new opportunities to evaluate the long-term impacts of school nutrition policies. Linking longitudinal datasets enables comprehensive analyses of how early-life nutrition interventions shape future outcomes in learning, health, and employment (Xu et al., 2022). Such data-driven frameworks allow for evidence-based assessments of program efficacy over time, providing policymakers with valuable insights into return on investment (ROI) and sustainable program design (O’Brien et al., 2021). Administrative data linkages also facilitate cross-sector collaboration between education, health, and social welfare departments, leading to more coordinated and efficient policy interventions.

Synthesis and Implications
Collectively, research underscores that national school meal policies are key drivers of educational equity and long-term socioeconomic development. When implemented alongside supportive food environments and robust evaluation systems, these programs yield substantial returns for individuals and societies alike. Universal access models, supported by data-informed policy decisions, can promote inclusive growth by ensuring that all children—regardless of background—benefit from the cognitive, social, and economic advantages of adequate nutrition. Consequently, integrating nutrition policy within broader educational and public health strategies is essential for strengthening human capital formation and fostering intergenerational wellbeing.

Table 4. Policy, Environment & Long-Run Outcomes (Theme 4.4)
	Author/Year
	Policy/Domain
	Methods/Tools Used
	Findings
	Equity/Distributional Effects
	Future Directions/Research Needs

	Zhou et al., 2024
	China – Nutrition Improvement Program
	Cohort (Difference-in-Differences)
	↑ Employment (+6.5pp), ↑ wages (+12.4%), ↑ education and health scores
	Stronger effects for females & low-SES groups
	Expand to other LMICs; test spillover effects

	França et al., 2024
	Brazil – PNAE and school food environments
	GIS mapping (800m buffers)
	40% deserts, 20% swamps; food access strongly tied to dietary outcomes
	Food deserts linked with social vulnerability
	Strengthen local food systems & PNAE integration

	Norway Study, 2022
	Universal free meal policy
	Qualitative interviews
	Improved attendance & social cohesion; reduced stigma
	Promoted equity and collective meal culture
	Quantitative tracking of cognitive and behavioral outcomes

	HAPPEN/SAIL, 2025
	Wales – Data linkage cohort
	Record linkage (health, education, social data)
	Enables population-level policy evaluation
	Allows SES-stratified & longitudinal analysis
	Use to assess ROI of universal school meals

	Lokossa, 2023
	Benin – School meal participation
	Cross-sectional survey
	Non-participants had lower dietary diversity
	SES & rural gaps persist
	Integrate equity metrics into national frameworks


This table consolidates evidence illustrating how school nutrition policies and local environments jointly shape health, education, and economic outcomes, advancing equitable human capital development.
Discussion
Integrated school nutrition strategies play a pivotal role in addressing inequalities in both health and education outcomes. These comprehensive strategies—often combining school meal programs, nutrition education, and health-promoting environments—create a holistic framework for improving child wellbeing and learning potential. By ensuring equitable access to nutritious meals and education about healthy eating, schools become critical spaces for advancing food security, cognitive development, and academic engagement, particularly for children from disadvantaged or food-insecure backgrounds (Rector et al., 2021). Research consistently highlights that these interventions enhance attendance and retention rates, especially among marginalized groups such as girls and low-income students, thereby promoting gender equality and social inclusion within education systems (Rector et al., 2021). The inclusive nature of universal school meal policies also reduces stigma associated with targeted feeding schemes, fostering dignity and participation among all students while building a stronger sense of community and equity (Teo et al., 2019).
The broader impact of integrated school nutrition initiatives extends beyond immediate dietary improvements. By linking nutrition education with accessible healthy meals, these programs establish sustainable behavioral patterns that contribute to long-term wellbeing and human capital formation. Nutrition education equips students with the knowledge to make informed food choices, while consistent access to healthy meals reinforces these behaviors in practice. This synergy strengthens both short-term academic performance and long-term productivity, supporting evidence that investment in child nutrition yields significant social and economic returns. Schools thus serve as pivotal institutions for intergenerational change—where learning and eating converge to shape healthier, more equitable societies.
However, achieving global comparability in the assessment of school nutrition interventions remains challenging due to significant methodological and contextual differences. Variations in local dietary norms, educational infrastructures, and socioeconomic conditions affect both program implementation and measured outcomes (Matijasevich et al., 2010). Moreover, inconsistencies in research design—such as reliance on self-reported dietary intake data versus observational or administrative measures—complicate data reliability and comparability (Varí et al., 2022; Wisnuwardani et al., 2023). The heterogeneity in evaluation frameworks also makes it difficult to generalize findings or assess relative effectiveness across regions. For instance, while some studies focus on cognitive and academic outcomes, others emphasize nutritional biomarkers or behavioral shifts, resulting in fragmented insights into program impact (Samnani et al., 2024).
To overcome these challenges, there is an urgent need for standardized methodological frameworks and cross-sector collaboration in evaluating school nutrition programs. Employing mixed-method designs that integrate quantitative impact measures with qualitative insights can better capture the complexity of nutrition–education interactions. Additionally, longitudinal and administrative data linkages across education, health, and labor sectors can illuminate the long-run effects of school nutrition initiatives on employment, income, and productivity outcomes. Such evidence-based evaluation would enable policymakers to quantify the true return on investment (ROI) of integrated nutrition strategies and guide sustainable policy formulation.
In conclusion, integrated school nutrition strategies are not merely health interventions but equity-driven systems that advance social justice, educational opportunity, and long-term human development. Their success depends on the alignment of nutrition, education, and policy domains, supported by context-sensitive implementation and rigorous evaluation. Scaling these programs globally requires continued investment, methodological harmonization, and the active participation of schools, families, and communities to ensure that every child—regardless of background—can learn, thrive, and eat well.
Conclusion
This systematic review concludes that the integration of school-based nutrition education and meal programs represents an effective, equity-driven strategy to enhance children’s health, learning outcomes, and long-term human capital. By merging educational instruction with access to nutritious meals, schools serve as critical platforms for fostering lifelong healthy eating behaviors and promoting social inclusion. Evidence across global contexts demonstrates that such integrated interventions improve dietary knowledge, consumption patterns, and academic performance, while reducing health and education disparities among socioeconomically disadvantaged students. Furthermore, universal school meal policies, when coupled with structured nutrition education and supportive food environments, are instrumental in mitigating inequality and building resilient learning ecosystems.
Nevertheless, challenges persist, including resource constraints, cultural variability, and methodological inconsistencies in program evaluation. To address these gaps, future research should emphasize implementation fidelity, longitudinal impact tracking, and cost-effectiveness analyses, alongside developing standardized global metrics for program assessment. Cross-sector collaboration between education, health, and policy stakeholders will be essential for scaling and sustaining these initiatives. Ultimately, investing in comprehensive school nutrition systems is not only a public health priority but also a strategic investment in human capital, capable of generating lasting educational, social, and economic dividends.
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