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	Eating behaviors and choices related to healthy food are connected to food literacy, which plays a crucial role in adolescents' health. A cooking simulation game immerses players in traditional culinary practices and recipes, providing an interactive experience that involves cooking, ingredient selection, and understanding planting and harvesting cycles. This study used a quantitative approach with a pretest-posttest control group design to evaluate the effectiveness of a cooking simulation game in improving food literacy and healthy eating habits among adolescents. The study involved 126 adolescents aged 15 to 18 from a high school in Banten. Data analysis was performed using MANOVA in JASP software. Results showed that the experimental group had a significantly greater improvement in food literacy and healthy eating behaviors compared to the control group. Pillai’s Trace yielded a value of 0.8953, with F(4,121)=258.600 and p < 0.001, indicating a significant combined difference between the groups in food literacy and healthy eating behaviors. This finding suggests that traditional food-based cooking simulation games can improve food literacy and encourage healthy eating habits in teenagers, making them a practical interactive option for food and nutrition education.
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INTRODUCTION

Modern urban living provides convenience, access, and numerous facilities that should enhance well-being and health. Paradoxically, these advancements often lead to outcomes that oppose healthy lifestyles. While urban areas offer many food choices and nutritional information, teenagers' healthy eating habits remain low. The fast-paced urban environment encourages teenagers to frequently eat fast food. According to Good Stat (2025), Indonesian youth consume fast food 1-2 times a week (49%), 3-4 times weekly (24%), and even daily (12%). 
This issue arises from the widespread marketing, easy access, and lower cost of processed and fast foods. Social media trends and influencer endorsements further encourage teenagers to adopt fast food as part of their identity (Zakiyah et al., 2024). Fast foods typically contain high amounts of processed sugar and unhealthy fats, which can cause short-term blood sugar spikes and contribute to long-term health problems like inflammation, digestive issues, and metabolic risks (Ma et al., 2022). Additionally, frequent fast food consumption often leads to fatigue and impaired cognitive functions, which adversely affect students' concentration and academic results (Arshad et al., 2025).
Eating behaviors and choices related to healthy food are linked to food literacy, which significantly affects adolescents' health. Food literacy encompasses the knowledge, skills, and behaviors necessary to plan, manage, select, prepare, and consume food to meet dietary needs and maintain quality. According to Park et al., (2020), it involves understanding and applying information about food. Additionally, Ares et al., (2024) define food literacy as the abilities, knowledge, and skills children and adolescents need to interact with the food system, enabling them to develop healthy and sustainable eating habits throughout their lives. Silva et al., (2023) highlight that food illiteracy has become a major global issue that leads to poor health outcomes and even death. Therefore, food literacy is an important aspect of health literacy because it helps individuals make proper decisions about what they eat and how it affects their health. 
Amid rising illness and death rates among teenagers and a decline in healthy lifestyle habits in modern society, Pangestuti, (2025) highlights that local traditional foods serve as a key element of a healthy diet. They offer nutrient-rich, plant-based options and help preserve cultural heritage. These foods naturally combat lifestyle-related diseases and micronutrient deficiencies by avoiding processed ingredients common in many modern diets. Typically relying on local biodiversity such as wild plants, native fruits, and vegetables. They are rich in essential vitamins and minerals. Mostly plant-based, traditional foods use native spices, herbs, and local produce that are high in polyphenols and flavonoids, which protect cells from oxidative stress and chronic diseases. These foods are usually consumed immediately after harvest, without industrial processing or nutrient loss from long-distance transportation (Balaji et al., 2026).
According to Sogari et al., (2023), a positive attitude towards traditional eating patterns (ATT-TE) significantly boosts the intention to adopt healthy eating habits. Adolescents familiar with traditional local foods tend to develop a taste sensitivity that favors natural foods, which reduces their likelihood of consuming junk or high-sugar foods later, as noted by Sinai et al., (2021). Consequently, passing on traditional recipes and food preparation techniques is essential for encouraging healthy eating behaviors. Nonetheless, research by Hidayat et al., (2024) shows that adolescents prefer modern foods more than traditional ones. Their knowledge is often limited to basic awareness, with very little understanding of the history, philosophy, and processing of ancestral recipes, as highlighted by Nuhiyah et al., (2025).
To counter this waning interest, Nuhiyah et al., (2025) emphasizes revitalizing traditional culinary presentations. Local foods should be packaged creatively with digital content to appeal more to teenagers. Interactive mobile apps and digital educational tools, like games, are effective for showcasing food cultural heritage and have significantly boosted interest and knowledge of Thai food culture through games (Chaisriya et al., 2022). Digital games also help reduce fast food intake and enhance nutritional awareness (Kusumaningsih et al., 2025). For example, the nutrition game "Fit, Food, Fun" developed by (Holzmann et al., 2019), has been shown to improve nutrition knowledge among children and adolescents. 
A cooking simulation game immerses players in traditional culinary practices and recipes, offering an interactive experience that includes cooking, ingredient selection, and following planting and harvesting cycles. This approach allows culinary knowledge to be experienced firsthand rather than just read about (Chaisriya et al., 2022). Research Chow et al., (2020) demonstrates that gamification and serious games can boost children’s fruit and vegetable consumption, promote healthy eating habits, and improve their nutritional understanding and attitudes. Such games may also foster food exploration among children, increasing acceptance of new foods and reducing picky eating. Furthermore, Yang et al., (2026) created a virtual reality cooking game showing that preparing healthy foods within the game can lead to healthier food choices afterward. Similarly, Stival et al., (2026) involved cooking traditional healthy dishes and resulted in higher scores in healthy eating, such as increased intake of fruits, vegetables, and fish, alongside reduced consumption of processed meats and snacks.
Based on the above context, game-based interventions like cooking simulation games can potentially boost adolescent food literacy and encourage healthier eating habits. This study aims to evaluate how effective a cooking simulation game is in enhancing food literacy and fostering healthy eating behaviors among teenagers. The game showcases traditional foods from five central regions of Banten Province: Sate Bandeng from Serang, Rabeg from Cilegon, Mie Laksa from Tangerang, Balok Cake from Pandeglang, and Leumang from Lebak. By transforming nutrition education into an engaging and interactive activity, these games can improve food literacy and promote healthier eating habits among youths.


METHODS

This study employed a quantitative methodology with a pretest-posttest control group design to assess how effective a cooking simulation game is in enhancing food literacy and healthy eating behaviors among adolescents. The research involved two groups: an experimental group that engaged with the cooking simulation game as an intervention, and a control group that received traditional instruction. Both groups underwent initial testing (pretest) prior to the intervention and final testing (posttest) afterward to measure any changes in the targeted variables. The intervention was conducted over a period of one month, comprising four sessions administered once a week. Each session lasted approximately 10 minutes, whereas participants in the control group received the same learning content through a PowerPoint-based lecture for an equivalent duration of 10 minutes per session.
The study involved 126 adolescents aged 15 to 18 from a high school in Banten. Of these, 69 (55.2%) were female and 56 (44.8%) were male. A simple random sampling method was used, ensuring every individual had an equal chance of inclusion. This approach aimed to reduce selection bias and enhance the sample's representativeness of the broader population.
Data collection involved two research tools. The food literacy variable was assessed with the Food Literacy Scale created by (Guiné et al., 2022) This scale includes 26 items divided into three key areas: understanding food nutrition (10 items), labeling and food choices (7 items), and healthy eating habits (9 items). Respondents rated each statement on a five-point Likert scale to show their agreement. 
The measurement of healthy eating habits was conducted using the Healthy and Unhealthy Eating Behavior Scale (HUEBS), developed by the Canadian Government (Pratiwi et al., 2025). This scale includes 22 items, split evenly into two subscales: 11 items for healthy eating behavior and 11 for unhealthy eating behavior. Participants rate each item on a seven-point Likert scale, from 1 (never) to 7 (very often). In this study, the HUEBS was used in its Indonesian version, which has been translated and adapted by (Pratiwi et al., 2025). Prior to use, both the original and translated instruments were tested for reliability and validity.
The research was conducted in multiple stages: 1) pretest to assess food literacy and healthy eating habits, 2) implementing a traditional foods cooking game simulation for the experimental group and using PowerPoint for the control group, and 3) posttest to evaluate food literacy and eating habits. The full research design is detailed in Table 1.
Table 1. Research Design
	Class
	Pre-test
	Treatment
	Post-test

	Experiment
	FLₑ₁, HEHₑ₁
	X
	FLₑ₂, HEHₑ₂

	Control
	FL꜀₁, HEH꜀₁
	Y
	FL꜀₂, HEH꜀₂


Description:
FLₑ₁ = Pretest of food literacy in the experimental class
FL꜀₁ = Pretest of food literacy in the control class
FLₑ₂ = Posttest of food literacy in the experimental class
FL꜀₂ = Posttest of food literacy in the control class
HEHₑ₁ = Pretest of healthy eating habits in the experimental class
HEH꜀₁ = Pretest of healthy eating habits in the control class
HEHₑ₂ = Posttest of healthy eating habits in the experimental class
HEH꜀₂ = Posttest of healthy eating habits in the control class
X = Treatment for the experimental class using a traditional foods cooking simulation game
Y = Treatment for the control class using PowerPoint-based learning media

Before conducting hypothesis testing, the data undergoes prerequisite assessments for MANOVA, including tests for univariate and multivariate normality, homogeneity of variances, and covariance matrices. Once these conditions are satisfied, analysis proceeds with MANOVA using JASP software. This method was selected because the study examines two dependent variables simultaneously: food literacy and healthy eating habits. Prior to analysis, assumptions such as multivariate normality and homogeneity of variances (tested with Levene's Test) are verified. The MANOVA results indicate whether the use of a cooking simulation game significantly impacts food literacy and healthy eating habits among adolescents. The significance level is set at α = 0.05.
RESULTS & DISCUSSION

A Cooking Simulation Game for Promoting Knowledge of Local Traditional Foods
This game features five levels of gameplay, each highlighting a traditional food that represents one of Banten Province’s five central regions. Level 1, Sate Bandeng from the Serang region; Level 2, Rabeg from the Cilegon region; Level 3, Mie Laksa from the Tangerang region; Level 4, Balok Cake from the Pandeglang region; and Level 5, Leumang from the Lebak region (Nuhiyah et al., 2025). Each level includes dialogue narration between two main characters, a male and a female mascot, who explain the history and uniqueness of each food in an easy-to-understand and engaging manner. Additionally, the game includes cooking tutorials for traditional foods, along with their recipes. In this game, the challenge is for players to cook traditional foods by selecting recipes, tools, and ingredients, and performing the cooking steps in the correct order. 
Learning recipes and practicing traditional food preparation can boost students' food literacy by connecting nutrition, culinary skills, and local culture. This method trains students to select, process, and eat healthy foods using local knowledge (Sullivan et al., 2026). In the game, players identify natural ingredients, spices, and seasonings specific to each dish. As noted by (Wulandari et al., 2025), traditional regional foods usually rely on fresh ingredients such as tubers, spices, vegetables, and local proteins, exposing students to whole food sources. 
Students also explore traditional tools passed down through generations, serving as a form of cultural heritage. Additionally, practicing traditional food preparation supports balanced nutrition by highlighting a variety of carbohydrates, proteins, and fiber. They learn fundamental cooking skills like boiling, steaming, and sautéing, which boost their confidence to prepare meals independently (Dewi et al., 2025). According to (Policastro et al., 2023), actively engaging in recipe practice encourages students to be more receptive to trying and enjoying new foods, especially vegetables used in traditional dishes.

Effects of the Cooking Simulation Game on Food Literacy and Healthy Eating Habits
Before conducting hypothesis tests, the research data were first analyzed descriptively. This provides an initial overview of students' food literacy and healthy eating habits in both the experimental and control groups, before and after the treatment.
Table 2. Food Literacy
	Group
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Pretest Experiment
	63
	38
	66
	51.00
	5.471

	Posttest Experiment
	63
	69
	98
	83.78
	6.274

	Pretest Control
	63
	40
	65
	51.54
	5.556

	Posttest Control
	63
	40
	89
	54.19
	8.673



Descriptive statistical analysis revealed that the experimental group had a mean pretest score of 51.00 with a standard deviation of 5.471. Their scores ranged from 38 to 66, with the lowest at 38 and the highest at 66. The control group’s mean pretest score was slightly higher at 51.54, with a standard deviation of 5.556, and scores varied from 40 to 65. These similar pretest averages suggest that both groups started with comparable food literacy levels.
After the treatment, the experimental group's food literacy average rose to 83.78 (SD=6.274), with scores ranging from 69 to 98. Overall, this group improved by an average of 32.78 points from pretest. Conversely, the control group's posttest average increased to 54.19 (SD=8.673), with scores between 40 and 89. The average gain here was only 2.65 points. Clearly, the experimental group showed a much more substantial increase in food literacy compared to the control group.
The rise in food literacy among the experimental group is due to the qualities of cooking simulation games. These games enhance food literacy by turning passive nutrition facts into active, hands-on learning, where players engage in food preparation, ingredient choices, and dietary decisions in immersive digital settings (Bisogno et al., 2026). Using ontological modeling of recipes in serious games creates a realistic and varied simulation, offering a personalized learning experience that helps adolescents and young adults develop both nutrition and food literacy skills (Mitsis et al., 2019).
Table 3. Healthy Eating Habits
	Group
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Pretest Experiment
	63
	33
	62
	47.00
	5.542

	Posttest Experiment
	63
	61
	91
	76.00
	5.322

	Pretest Control
	63
	36
	58
	49.00
	4.769

	Posttest Control
	63
	39
	63
	51.00
	5.480



In the healthy eating habits variable, the pretest results reveal that the experimental group averaged 47.00, with a standard deviation of 5.542. Their scores ranged from a low of 33 to a high of 62. The control group had a pretest average of 49.00, with a standard deviation of 4.769, and scores between 36 and 58. 
At the posttest, the experimental group's average healthy eating habits rose to 76.00, with a standard deviation of 5.322, ranging from 61 to 91. When compared to the pretest, this represents a 29-point increase. In contrast, the control group had a posttest average of 51.00 and a standard deviation of 5.480, with scores between 39 and 63. The control group's increase was only 2.00 points.
Experiential learning, where users actively participate in cooking and food-related activities instead of passively obtaining nutrition information, is consistently seen as the most effective method for fostering healthy eating habits (Bisogno et al., 2026). Cooking simulation games facilitate this by having players prepare meals, choose ingredients, and experience the outcomes of their dietary choices within the game environment (Yang et al., 2026). This hands-on learning through doing and experiencing the results of actions allows players to virtually experiment with dietary behaviors and apply these lessons in real life (Kato-Lin et al., 2020). Additionally, implicit learning strategies integrated into game mechanics reinforce healthy eating by embedding nutritional knowledge within engaging gameplay, enabling players to internalize dietary principles without feeling that they are being explicitly taught (He, 2021).
Behavior change theories including social cognitive theory, self-determination theory, and the health belief model, frequently underpin game design, targeting mediators such as self-efficacy, perceived benefits, and behavioral intentions to translate gameplay into sustained dietary change (Lamas et al., 2023). The combination of narrative context, feedback, progress, and challenge motivates and engages children to establish healthy eating behaviors (Chow et al., 2020), while reward systems incentivize correct food classification and healthy choices (Limone et al., 2022).

Normality Assumption Test
Before conducting hypothesis testing with MANOVA, the research data must first be examined to ensure that all necessary assumptions are met. The prerequisite tests conducted include univariate normality tests, multivariate normality tests, homogeneity of variances, and homogeneity of covariance matrices.
Table 4. Multivariate Normality
	Variable
	p-value

	FLₑ₁, HEHₑ₁
	0.792

	FL꜀₁, HEH꜀₁
	0.540

	FLₑ₂, HEHₑ₂
	0.748

	FL꜀₂, HEH꜀₂
	0.843



According to the multivariate normality test results in Table 4, all variable pairs had p-values exceeding 0.05. Specifically, in the experimental group, the pretest data for food literacy and healthy eating habits (FLₑ₁ and HEHₑ₁) yielded a p-value of 0.792. Similarly, in the control group, the pretest data (FL꜀₁ and HEH꜀₁) showed a p-value of 0.540. The same findings appear in the posttest data. The food literacy and healthy eating habits pairs in the experimental group (FL₂ₑ and HEH₂ₑ) show a p-value of 0.748, while in the control group (FL₂꜀ and HEH₂꜀), the p-value is 0.843. Since all p-values exceed 0.05, it indicates that the combined variables of food literacy and healthy eating habits in both pretest and posttest data satisfy the assumptions of multivariate normality.
Table 5. Univariate Normality
	Variable
	Kolmogorov Smirnov

	
	KS
	p-value

	FLₑ₁
	0.094
	0.200

	HEHₑ₁
	0.091
	0.200

	FL꜀₁
	0.079
	0.200

	HEH꜀₁
	0.091
	0.200

	FLₑ₂
	0.075
	0.200

	HEHₑ₂
	0.087
	0.200

	FL꜀₂
	0.080
	0.200

	HEH꜀₂
	0.071
	0.200


The univariate normality of the data was examined using the Kolmogorov–Smirnov test, with results presented in Table 5. All variables showed significance levels above 0.200, specifically 0.200, suggesting that the assumption of normal distribution is reasonable. Specifically, for the pretest data, the Kolmogorov–Smirnov statistics were 0.094 for food literacy (FL₁) and 0.091 for healthy eating habits (HEH₁) in the experimental group. In the control group, these were 0.079 for food literacy and 0.091 for healthy eating habits. In the posttest, the experimental group had statistics of 0.075 for food literacy (FL₂) and 0.087 for healthy eating habits (HEH₂), while the control group recorded 0.080 for food literacy and 0.071 for healthy eating habits. 
Homogenity Assumption Test
Table 6. Homogenity Covariance Matrix
	Description
	p-value

	Pretest
	0.368

	Posttest
	0.885



The covariance matrix homogeneity test showed p-values of 0.368 for the pretest and 0.885 for the posttest. Since both are above 0.05, the covariance matrices for food literacy and healthy eating habits are considered homogeneous in both the experimental and control groups, before and after the intervention. This indicates that the relationships and variability of these variables are not significantly different across the groups.
Table 7. Homogeneity of Variance
Description	Variable	Levene’s Test
		Levene	p-value
Pretest	FLₑ₁, FL꜀₁	0.622	0.432
	HEHₑ₁, HEH꜀₁	0.502	0.480
Posttest	FLₑ₂, FL꜀₂	0.976	0.318
	HEHₑ₂, HEH꜀₂	0.230	0.632

The next step involved testing the homogeneity of variances using Levene’s test. For the pretest data on food literacy in the experimental and control groups (FLₑ₁ and FL꜀₁), the Levene’s statistic was 0.622 with a p-value of 0.432. Similarly, for healthy eating habits (HEHₑ₁ and HEH꜀₁), the Levene’s statistic was 0.502 with a p-value of 0.480. Since both p-values exceed 0.05, it indicates that the variances for pretest food literacy and healthy eating habits in both groups are homogeneous. Similar findings appeared in the posttest data. The food literacy variables for the experimental and control groups (FL₂ₑ and FL₂꜀) showed a Levene's test value of 0.976 with a p-value of 0.318. Likewise, the healthy eating habits variable (HEH₂ₑ and HEH₂꜀) had a Levene's test value of 0.230 and a p-value of 0.632. Since all p-values are above 0.05, it can be concluded that the variances for both variables are homogeneous across the experimental and control groups.
MANOVA Test Results
Once the data was confirmed to be normally and homogeneously distributed, MANOVA tests were performed to assess the combined impact of cooking simulation games on food literacy and healthy eating habits. This analysis compared the results from the experimental group, which used cooking simulation games, with the control group that used traditional learning media.
Table 8. MANOVA Test Results
	Effect
	Value
	F
	Hypothesis
 df
	Error df
	Sig.
	Partial Eta
 Squared

	Group
	Pillai's Trace
	0.8953
	258.600
	4
	121.000
	< .001
	0.895

	
	Wilks’ Lambda
	0.1047
	258.600
	4
	121.000
	< .001
	0.895

	
	Hotelling’s Trace
	8.548
	258.600
	4
	121.000
	< .001
	0.895

	
	Roy’s Largest Root
	8.548
	258.600
	4
	121.000
	< .001
	0.895



The results from Pillai’s Trace indicated a value of 0.8953, with F(4,121)=258.600 and p < 0.001. Since the p value is below 0.05, it shows a significant combined difference between the experimental and control groups in food literacy and healthy eating behaviors. This conclusion is corroborated by Wilks’ Lambda of 0.1047, Hotelling’s Trace of 8.548, and Roy’s Largest Root of 8.548. These four multivariate statistics yielded similar F values and significance levels, specifically F(4,121)=258.600 and p < 0.001. The partial eta squared value of 0.895 shows that group differences give a huge effect on the combination of food literacy and healthy eating habits variables. Statistically, around 89.5% of the combined variation in the analyzed variables is related to the difference in treatment between the experimental group and the control group.
Cooking simulation games improve food literacy and healthy eating habits simultaneously because they embed nutrition knowledge directly into interactive food preparation mechanics, creating an experiential learning loop where cognitive understanding and behavioral practice reinforce each other (Bisogno et al., 2026). The game mechanics require players to actively select, classify, and prepare foods, which builds practical food literacy skills while simultaneously shaping healthier dietary intentions and behaviors (Limone et al., 2022). The enactive learning process allows players to experience consequences of food choices virtually, transferring these principles to real-world dietary decisions (Sullivan et al., 2026). The HelperFriend game similarly showed that a vicarious experiential environment improved both healthy eating knowledge and intention simultaneously, alongside reduced intake of unhealthy foods (Park et al., 2020). 





CONCLUSION

Cooking simulation games serve as an effective tool for enhancing students' food literacy and promoting healthy eating habits. These games offer a more engaging and context-rich learning experience by allowing students not only to learn about food but also to participate in decision-making through simulations. Studies show that using cooking simulation games significantly improves students' food literacy and healthy choices. The MANOVA test revealed a Pillai’s Trace of 0.895, with F(4,121)=258.600, p<0.001, confirming notable differences between the experimental and control groups across the variables studied. The larger gains in the experimental group suggest that learning via cooking simulations helps students understand food selection, processing, and presentation, while also fostering healthier eating behaviors. Still, eating habits are also shaped by factors like food availability at home, family, peers, culture, and the school environment. Future research should include additional measurements and combine questionnaires with food consumption data or behavioral observations to evaluate whether the impact of cooking simulation games is sustainable.
	Based on the research results, educators are advised to integrate gamification-based learning that raises the context of local food and local culture into health education in schools so that food literacy learning becomes more interesting, contextual, and meaningful for students. Schools can also utilize the media in health promotion activities and relevant learning, while policy stakeholders can support its implementation through curriculum enrichment, teacher training, and the development of educational media based on local context. Further research is suggested to test its effectiveness on student characteristics and a more diverse school environment.
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