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Abstract 
Low vegetable intake among Indonesian schoolchildren persists, yet evidence 

on interventions pairing classroom education with a familiar vegetable-based 

food remains limited. This study assessed changes in knowledge and attitudes 

following experiential nutrition education combined with vegetable nugget 

provision. A quasi-experimental pretest-posttest nonequivalent control-group 

study included 164 second-grade students selected by simple random sampling 

within two elementary schools in East Kalimantan, Indonesia (82 per group). 

For 14 days, the intervention group received nutrition education and vegetable 

nuggets, while the control group continued usual activities. Baseline knowledge 

and attitude distributions differed significantly (p < 0.001). Knowledge changed 

in both groups (p < 0.001), although the control group mainly shifted from poor 

to moderate. Attitudes changed in the intervention group (p < 0.001) but not the 

control group (p = 0.276). Improvement was more frequent in the intervention 

group for knowledge (51.2% vs. 26.8%; exact p = 0.001) and attitudes (92.7% 

vs. 22.0%; p < 0.001).  
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INTRODUCTION 

Vegetables are an essential component of a healthy diet because they provide fiber, 

vitamins, minerals, and various bioactive compounds required for growth and health 

maintenance. The World Health Organization recommends a daily fruit and vegetable intake of 

at least 350 g for children aged 6–9 years and 400 g for individuals aged 10 years or older (World 

Health Organization, 2023). Nevertheless, fruit and vegetable consumption in Indonesia remains 

very low. The 2023 Indonesian Health Survey reported that 96.7% of people aged five years or 

older did not meet the recommended fruit and vegetable intake, while 67.5% consumed only one 

to two servings per day (Health Development Policy Agency, 2024). These findings underscore 

the need for interventions beginning at school age to foster knowledge and positive attitudes 

toward vegetable consumption. 

Elementary school is a critical period for developing food preferences and eating habits. 

Nutrition knowledge enables children to recognize the benefits of vegetables and understand 

healthy food choices, whereas attitudes reflect their acceptance, evaluation, and inclination to 

choose vegetables. Knowledge and attitudes are not equivalent to actual consumption behavior, 

but both are proximal determinants of food choice. Schools provide a strategic setting because 

they can reach children systematically, create a supportive learning environment, and integrate 

health messages into everyday experiences (Saha et al., 2020; Hahnraths et al., 2022). Nutrition 

education should therefore be appropriate to children's cognitive development and extend beyond 

one-way information delivery. 

School-based nutrition education can improve determinants of fruit and vegetable intake, 

including knowledge and behavioral factors related to consumption (Saha et al., 2020; Hahnraths 

et al., 2022). Recent research increasingly favors multicomponent and experiential approaches 

rather than one-way information delivery. Curricula paired with tasting, repeated food exposure, 

gardening, cooking, or produce provision are being used to address knowledge, preferences, 

attitudes, and intentions simultaneously (Poelman et al., 2020; Verdonschot et al., 2023; van Lier 

et al., 2024; Liao et al., 2025). This trend shifts the focus from information transfer alone toward 

learning reinforced by concrete food experiences. Intervention components, intensity, duration, 

and delivery methods nevertheless remain important determinants of outcomes (Verdonschot et 

al., 2023). 

Direct food experiences can complement nutrition education because strategies that expose 

children to vegetables may enhance both knowledge and acceptance. Experiential nutrition 

learning that combines classroom activities, food identification, cooking, and shared meals may 

also produce longer-term benefits for children's attitudes (Braga-Pontes et al., 2022; van Lier et 

al., 2024). School programs integrating gardening, cooking, and education have increased 

vegetable intake (Davis et al., 2021), while hands-on food preparation and tasting have improved 

children's willingness to consume vegetables (Melnick et al., 2020). Nutrition information 

reinforced through concrete experiences may therefore be easier for children to understand and 

apply. 

In Indonesia, various health education media have been developed to improve children's 

knowledge and attitudes regarding fruit and vegetable consumption. Interactive health education 

can improve knowledge, attitudes, parental support, and fruit and vegetable intake among 

elementary schoolchildren (Puspita et al., 2024). However, most interventions continue to focus 

on educational media such as books, leaflets, games, or counseling sessions. Evidence remains 

limited regarding interventions that combine nutrition education with a child-familiar vegetable-
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based food product, particularly vegetable nuggets. In this study, vegetable nuggets were used 

as a direct experiential component complementing nutrition education rather than as the sole 

cause of change. Studies combining nutrition education with vegetable nugget provision among 

Indonesian elementary schoolchildren remain scarce (Braga-Pontes et al., 2022; Hahnraths et al., 

2022; Puspita et al., 2024). 

The novelty of this study lies in combining age-appropriate nutrition education with 14 

days of exposure to vegetable nuggets as a concrete, child-familiar learning medium. Unlike 

interventions relying solely on educational media, this approach links cognitive information with 

a direct food experience. Its conceptual contribution is to examine whether this connection is 

accompanied by more favorable changes in knowledge and attitudes, consistent with experiential 

and repeated-exposure approaches to school nutrition education. The study involved second-

grade students from two elementary schools, with one school assigned to each study group. It 

focused on knowledge and attitudes and did not assess actual consumption or nutritional status. 

Accordingly, this study aimed to assess changes in knowledge and attitudes toward vegetable 

consumption and to compare patterns of change between the intervention and control groups. 

 

RESEARCH METHOD 

This study employed a quasi-experimental pretest-posttest nonequivalent control-group 

design in two elementary schools, with one school serving as the intervention group and the other 

as the control group.  

Research Design 

The design was selected because random allocation of individual students across schools 

was not feasible, whereas prospective measurement with a concurrent comparison group offered 

better control of temporal and repeated-testing effects than a cross-sectional or single-group 

pretest-posttest design. Assigning separate schools also reduced contamination of intervention 

information and activities between groups. A cluster-randomized design would provide stronger 

causal inference; therefore, the selected design represented the most appropriate feasible 

approach rather than an equivalent substitute for randomization. 

Knowledge and attitudes were measured before the intervention and after the 14-day 

intervention period. The intervention group received nutrition education and vegetable nuggets, 

whereas the control group continued its usual school activities and received neither nutrition 

education nor vegetable nuggets from the research team during the study period. 

Research Target/Subject 

The study population comprised all second-grade students at the two participating 

elementary schools. The sample consisted of 164 students, with 82 in the intervention group and 

82 in the control group. The sample size was calculated using the Lemeshow formula for a finite 

population, assuming a proportion of 50% (P = 0.50) and a margin of error of 10% (d = 0.10). 

Eligible students at each school were selected by simple random sampling from the second-

grade enrollment list. Each student was assigned a number, and numbers were randomly selected 

until the required sample size for each group was reached. Random sampling was conducted at 

the student level within each school, not for school selection or group allocation. 

The inclusion criteria were active enrollment in the second grade, written parental or 

guardian consent, willingness to participate, and completion of both pretest and posttest 

measurements. Students who did not complete all measurement procedures or had a condition 

preventing them from consuming vegetable nuggets were excluded from the analysis. A history 
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of allergy to any nugget ingredient was screened before the intervention. All 164 students 

completed the pretest and posttest assessments; therefore, no knowledge or attitude data were 

missing. 

Research Procedure 

Preparation, The researchers coordinated with the participating schools, designated the 

study groups, screened students against the eligibility criteria, obtained school authorization, and 

prepared the educational materials, questionnaires, and vegetable nuggets. Data collectors were 

briefed on the intervention and questionnaire-administration procedures. 

Pretest, Before the intervention, students in both groups completed questionnaires 

assessing knowledge of and attitudes toward vegetable consumption. Standardized procedures 

were used in both groups. Enumerators assisted students in understanding the questions without 

directing their responses. 

Intervention, The intervention group received nutrition education and vegetable nuggets 

over a 14-day period. Educational content covered the definition and varieties of vegetables, the 

benefits and recommended intake of vegetables, and strategies for developing regular vegetable-

consumption habits. The education was delivered through a slide presentation on the benefits of 

fruits and vegetables and lasted approximately 15 minutes. Five vegetable nuggets were provided 

in paper packaging bearing nutritional information. Students also received take-home 

information for their parents describing the nutritional benefits and preparation of the nuggets. 

Before implementation, the vegetable nugget formulation was reviewed by nutritionists at 

a professional meeting in Samarinda. Based on their feedback, spinach leaves were replaced with 

katuk leaves (Sauropus androgynus), which were considered nutritionally comparable but more 

resistant to heat during processing. 

The control group received neither nutrition education nor vegetable nuggets from the 

research team and continued its usual school activities. After the posttest had been completed, 

the control group received the nutrition education; however, knowledge and attitudes were not 

reassessed after this delayed education. 

Posttest, After the 14-day intervention period, students in both groups again completed the 

knowledge and attitude questionnaires using the same instruments and procedures as at pretest. 

Instruments and Data Collection Techniques 

The study data included participant characteristics, knowledge of vegetable consumption, 

and attitudes toward vegetable consumption. Data were collected using a structured 

questionnaire administered before and after the intervention. 

The knowledge questionnaire comprised 10 dichotomous items on balanced nutrition, 

including carbohydrates, protein, and physical activity, with response options of “yes” and “no.” 

Each correct response was scored 1 and each incorrect response 0. Total scores were categorized 

as good (>80%), moderate (60%–80%), or poor (<60%). The attitude questionnaire comprised 

10 dichotomous statements on balanced nutrition—five positively worded and five negatively 

worded—with response options of “agree” and “disagree.” Each appropriate response was scored 

1 and each inappropriate response 0. Attitude scores were categorized using the same thresholds: 

good (>80%), moderate (60%–80%), and poor (<60%). 

The questionnaires were pilot-tested for validity among 30 students at SD 

Muhammadiyah 2 Samarinda who were not included in the main study. This school was selected 

because it had an accreditation status comparable to that of SD Muhammadiyah 4 and because 

the school provided access and institutional support for instrument testing. Item validity was 
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assessed using Pearson's correlation coefficient. With 30 respondents, a 5% significance level, 

and degrees of freedom calculated as df = N − 2, the critical r value was 0.361. All 10 knowledge 

items and all 10 attitude items had calculated r values greater than 0.361 and were therefore 

considered valid. 

Internal consistency was evaluated using Cronbach's alpha, with a coefficient greater than 

0.60 considered acceptable. Cronbach's alpha was 0.731 for the knowledge scale and 0.718 for 

the attitude scale. Because both coefficients exceeded 0.60, the knowledge and attitude 

questionnaires were considered reliable. 

Data Analysis Technique 

Data were analyzed using IBM SPSS Statistics version 23. Univariate analysis summarized 

the distributions of knowledge and attitude categories as frequencies and percentages. Within 

each group, changes in knowledge and attitude categories from pretest to posttest were examined 

using the Stuart–Maxwell test. This test was selected because the measurements were paired and 

the outcomes comprised more than two nominal categories. Analyses were performed separately 

for the intervention and control groups. 

Differences in the distributions of knowledge and attitude categories between the 

intervention and control groups at pretest and posttest were assessed using Pearson's chi-square 

test. When any expected cell frequency was below five, the Fisher–Freeman–Halton exact test 

was used. 

For each participant, category change was determined by comparing the posttest category 

with the pretest category and classifying the result as decreased, unchanged, or increased. The 

distribution of these change categories was compared between groups using Pearson's chi-square 

test or, when chi-square assumptions were not met, the Fisher–Freeman–Halton exact test. 

All tests were two-sided, with a significance level of 5%. A p value < 0.05 was considered 

statistically significant. Because the pretest distributions of knowledge and attitudes differed 

significantly between groups, the findings were interpreted cautiously in light of this baseline 

imbalance. 

Ethical Approval 

The study received ethical approval from the relevant research ethics committee (No. 

04/KEPK-STIKES-MM/I/2025). Parents or guardians provided written informed consent, and 

students received age-appropriate study information and provided assent. Participant identities 

were kept confidential, and data were used solely for research purposes. 

 

 

 

 

 

 

RESULTS AND DISCUSSION 

Participant characteristics, including class level, age, and sex, are presented in Table 1. The 

distribution of participants across these demographic characteristics provides an overview of the 

composition of the study sample and helps contextualize the subsequent analysis. Class level 

indicates the participants’ educational stage, while age reflects their developmental 

characteristics. Sex is also included to describe the demographic composition of the sample. 

These characteristics are important for identifying the overall profile of the participants and 
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assessing the representativeness of the sample in relation to the objectives of the study. 

Participant characteristics, including class, age, and sex, are presented in Table 1. 

Table 1. Frequency distribution of participants by class, age, and sex 

Characteristic Intervention group  Control group 

 Frequency 

(n) 

Percentage 

(%) 

 Frequency 

(n) 

Percentage 

(%) 

Class 2.1 22 26.8 Class Al-Aziz 26 31.7 

2.2 19 23.2 Al-Muhaimin 28 34.1 

2.3 22 26.8 Al-Jabbarr 28 34.1 

2.4 19 23.2    

Age (years)   Age (years)   

7 16 19.5 7 16 19.5 

8 60 73.2 8 64 78.0 

9 5 6.1 9 2 2.4 

10 1 1.2    

Sex   Sex   

Male 37 45.1 Male 43 52.4 

Female 45 54.9 Female 39 47.6 

Total 82 100  82 100 

 

In the intervention group, the largest class groups were classes 2.1 and 2.3 (26.8% each); in 

the control group, Al-Muhaimin and Al-Jabbarr were the largest classes (34.1% each). Most 

students in both groups were 8 years old (intervention: 73.2%; control: 78.0%). The least 

represented age was 10 years in the intervention group (1.2%) and 9 years in the control group 

(2.4%). Girls constituted a larger proportion of the intervention group (54.9%), whereas boys 

constituted a larger proportion of the control group (52.4%). 

A total of 164 students completed all study procedures, including 82 in the intervention 

group and 82 in the control group. There were no missing data for the knowledge and attitude 

variables. Outcomes were classified as poor, moderate, or good. Changes in Knowledge of 

Vegetable Consumption 

Table 2. Distribution of knowledge categories in the intervention and control groups 

Measurement Group Poor, n (%) Moderate, n (%) Good, n (%) 

Pretest Intervention 8 (9.8) 73 (89.0) 1 (1.2) 

 Control 63 (76.8) 19 (23.2) 0 (0.0) 

Posttest Intervention 0 (0.0) 45 (54.9) 37 (45.1) 

 Control 45 (54.9) 37 (45.1) 0 (0.0) 

 

At pretest, most students in the intervention group had moderate knowledge (89.0%), 

whereas the control group was predominantly in the poor category (76.8%). At posttest, no 

student in the intervention group remained in the poor category: 37 students (45.1%) achieved 

good knowledge and 45 (54.9%) had moderate knowledge. In the control group, no student 

achieved good knowledge; 45 students (54.9%) remained in the poor category and 37 (45.1%) 

had moderate knowledge. 

The observed improvement in knowledge is consistent with evidence that school-based 

nutrition education using combined strategies can improve knowledge and factors related to fruit 

and vegetable consumption (Saha et al., 2020; Antwi et al., 2020; Mogre et al., 2024). Evidence-

based nutrition interventions have also improved nutrition-related knowledge and behaviors 
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(Oddo et al., 2022). School nutrition education tends to produce better outcomes when it 

incorporates active learning and direct experience (Cotton et al., 2020; Verdonschot et al., 2023). 

Nutrition education provides a cognitive foundation that helps students identify the benefits, 

varieties, and importance of vegetable consumption. Vegetable nuggets may provide a concrete 

experience linking information with food that children can see, taste, and consume. Learning that 

combines explanation with direct experience may be more accessible to children than verbal 

information alone (Jarpe-Ratner et al., 2016; Scherr et al., 2021). 

The change in knowledge observed in the control group should be interpreted cautiously. It 

may reflect a repeated-measurement effect, exposure to nutrition information through routine 

school lessons or other sources, communication between students, or baseline differences. These 

factors were not measured and therefore cannot be confirmed as explanations for the control 

group's change. Changes in Attitudes Toward Vegetable Consumption: 

Table 3. Distribution of attitude categories in the intervention and control groups 

Measurement Group Poor, n (%) Moderate, n (%) Good, n (%) 

Pretest Intervention 4 (4.9) 78 (95.1) 0 (0.0) 

 Control 50 (61.0) 32 (39.0) 0 (0.0) 

Posttest Intervention 0 (0.0) 6 (7.3) 76 (92.7) 

 Control 44 (53.7) 36 (43.9) 2 (2.4) 

 

Data are presented as frequency (percentage). 

At pretest, no student in either group had an attitude categorized as good. The intervention 

group was predominantly in the moderate category (95.1%), whereas the control group was 

predominantly in the poor category (61.0%). After the intervention, 76 students in the 

intervention group (92.7%) achieved a good attitude and none remained in the poor category. In 

the control group, only two students (2.4%) achieved a good attitude, while 44 (53.7%) remained 

in the poor category. 

The magnitude of the attitude change may be related to the combined approach. Education 

provided an understanding of vegetable consumption, while the vegetable nuggets enabled 

children to experience a familiar vegetable-based product directly. Classroom nutrition education 

combined with fruit and vegetable taste testing has been reported to improve children's dietary 

intake (Gold et al., 2017). Experiential vegetable education has also improved knowledge, 

acceptance, intention to consume, and willingness to try vegetables (Poelman et al., 2020). 

Activities engaging the senses and providing direct experience may reduce unfamiliarity 

with vegetable-based foods. Sensory-based food education has been associated with greater 

willingness among children to choose and consume vegetables, fruits, and berries (Kähkönen et 

al., 2018). Child-friendly educational strategies may likewise improve knowledge and 

acceptance of vegetables (Braga-Pontes et al., 2022). 

The attitude changes are also consistent with findings from a school program that combined 

nutrition education with fruit and vegetable provision (Liao et al., 2025). Gardening, cooking, 

and nutrition education programs, as well as hands-on food preparation and tasting, indicate that 

education paired with practical activities can improve vegetable acceptance and consumption 

(Melnick et al., 2020; Davis et al., 2021). 

Repeated exposure is one possible mechanism underlying the change. Taste exposure may 

increase intake and willingness to try vegetables (Appleton et al., 2018; Nekitsing et al., 2019), 

and repeated exposures at varying frequencies may increase children's liking and acceptance of 
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unfamiliar vegetables. However, this study did not directly measure liking, the number of 

nuggets consumed, or sensory acceptance; therefore, this mechanism requires further 

investigation (Karagiannaki et al., 2021). Within-Group Changes: 

Table 4. Stuart–Maxwell test results for knowledge and attitudes 

Variable Group Stuart–Maxwell statistic p value 

Knowledge Intervention 40.563 <0.001 

Knowledge Control 12.462 <0.001 

Attitude Intervention 76.000 <0.001 

Attitude Control 2.571 0.276 

 

The Stuart–Maxwell test compared paired category distributions between pretest and posttest 

within each group. 

Knowledge distributions changed significantly in both groups, but a significant change in 

attitudes occurred only in the intervention group. The stronger attitude change may be related to 

the combination of information and direct experience. Nevertheless, the high proportion of 

students with good posttest attitudes represents a psychosocial outcome and should not be 

interpreted as evidence of increased habitual vegetable consumption. 

Knowledge and attitudes are important determinants of eating behavior, but they do not 

necessarily translate directly into actual intake. Combining intervention strategies may change 

fruit and vegetable preferences, although behavioral effects continue to depend on intervention 

duration and design (Ilić et al., 2023). Knowledge, attitudes, intentions, food availability, and 

school and family environments interact in shaping consumption (Hahnraths et al., 2022; Oddo 

et al., 2022). 

School-based food and nutrition education interventions generally yield positive outcomes, 

but the magnitude of change depends on their components, intensity, delivery agents, and 

implementation environment. Strategies combining information with positive food experiences 

may therefore be more promising than information delivery alone (Cotton et al., 2020; 

Verdonschot et al., 2023). Comparison of the Magnitude of Change Between Groups 

Table 5. Comparison of changes in knowledge and attitude categories between groups 

Variable Change Intervention, n (%) Control, n (%) 

Knowledge Decreased 0 (0.0) 4 (4.9) 

 Unchanged 40 (48.8) 56 (68.3) 

 Increased 42 (51.2) 22 (26.8) 

Attitude Decreased 0 (0.0) 12 (14.6) 

 Unchanged 6 (7.3) 52 (63.4) 

 Increased 76 (92.7) 18 (22.0) 

 

Knowledge: Fisher–Freeman–Halton exact p = 0.001. Attitude: Pearson χ² = 84.270; df 

= 2; p < 0.001. 
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Figure 1. Proportion of students whose outcome category increased from pretest to posttest 

 

Knowledge category improvement occurred in 51.2% of students in the intervention group 

and 26.8% of those in the control group. Because some expected frequencies were small, the 

Fisher–Freeman–Halton exact test was used as the primary result and indicated a significant 

difference (exact p = 0.001). Pearson's chi-square test yielded χ² = 12.917, df = 2, and p = 0.002, 

with Cramer's V = 0.281, indicating a moderate association between study group and change in 

knowledge category. 

Attitude category improvement occurred in 92.7% of students in the intervention group and 

22.0% of those in the control group. The difference was significant (χ² = 84.270; df = 2; p < 

0.001), with Cramer's V = 0.717, indicating a strong association between study group and change 

in attitude category. 

From a school-health perspective, the between-group differences were not only statistically 

significant but also programmatically meaningful: improvement was 24.4 percentage points 

higher for knowledge and 70.7 percentage points higher for attitudes in the intervention group. 

Comparable multicomponent initiatives provide contextual support. The Texas Sprouts cluster 

trial combined gardening, cooking, and nutrition education and increased vegetable intake (Davis 

et al., 2021), whereas a Palau pilot combining nutrition education with fruit and vegetable 

provision reported improved consumption (Liao et al., 2025). Together with experiential 

education findings (Poelman et al., 2020), these studies support pairing information with 

repeated, practical exposure. In schools, this could involve brief age-appropriate lessons, tasting 

opportunities, teacher reinforcement, and take-home information for parents. Vegetable nuggets 

should be presented as an educational tasting vehicle, not as a nutritional substitute for whole 

vegetables. 

Conceptually, the observed pattern supports the proposition that cognitive information 

reinforced by direct sensory experience may produce more favorable psychosocial outcomes 

than information alone. The intervention's practical novelty was the use of vegetable nuggets as 

a familiar food format through which students could connect nutrition messages with direct 

exposure. However, the design did not include separate education-only and nugget-only groups. 
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The contribution of each component therefore cannot be isolated, and the findings can be 

attributed only to the combined intervention. 

Causal interpretation is limited by the significant baseline imbalance. Before the 

intervention, the intervention group already had more favorable distributions of knowledge and 

attitudes than the control group. Furthermore, only two schools participated, with one school 

representing each group. The intervention effect cannot be fully separated from differences in 

school characteristics, teaching quality, food environments, teacher support, and family 

circumstances. 

Because the study measured only knowledge and attitudes, it cannot conclude that students' 

vegetable consumption increased. Vegetable nuggets are vegetable-based processed foods and 

are not equivalent to consuming whole vegetables. Future studies should assess consumption 

frequency and portion size, liking, willingness to try, plate waste, sensory acceptance, and 

vegetable availability at home and school. 

Future research should involve more schools with school-level randomization and include 

education-only, product-only, combined-intervention, and control groups. Ordinal regression or 

generalized estimating equations controlling for baseline values are also warranted. Follow-up 

measurements at one to six months would help determine whether changes are sustained. 

 

CONCLUSION 

The 14-day combined intervention of nutrition education and vegetable nugget provision 

was associated with improved knowledge and attitudes toward vegetable consumption among 

second-grade elementary school students. Knowledge category improvement was more frequent 

in the intervention group than in the control group (51.2% vs. 26.8%; exact p = 0.001), as was 

attitude category improvement (92.7% vs. 22.0%; p < 0.001). The Stuart-Maxwell test showed 

significant changes in intervention-group knowledge and attitudes (both p < 0.001); control-

group knowledge also changed, but attitudes did not (p = 0.276). This pattern is consistent with 

experiential and multicomponent school nutrition studies pairing education with tasting, 

gardening, cooking, or produce provision (Poelman et al., 2020; Davis et al., 2021; Liao et al., 

2025). If reinforced over time, the approach may contribute to durable food literacy and more 

favorable vegetable preferences. However, baseline imbalance, one school per group, and the 

absence of consumption and follow-up measures limit causal and long-term conclusions. 
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