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Abstract. Background/Objectives: The integration of Augmented Reality (AR) and Artificial Intel- 11 

ligence (AI) in educational applications presents an opportunity to enhance learning outcomes in 12 

young users. This study focuses on ARFood, a serious game designed to teach Generation Alpha 13 

about nutritional health and environmental sustainability. The objective is to evaluate and improve 14 

the effectiveness of the app’s AI-driven feedback mechanisms in achieving specific educational 15 

goals in these domains. Methods: ARFood features two AI-powered Non-Player Characters (NPCs), 16 

each programmed to evaluate virtual shopping carts created by users. The nutritional NPC provides 17 

feedback on dietary choices, while the sustainability NPC assesses environmental impacts. Ninety 18 

participants were involved, generating 90 virtual carts evaluated by both NPCs. Each NPC’s feed- 19 

back was assessed for alignment with five predefined educational objectives per theme, using a 20 

zero-shot RoBERTa classifier. An iterative process was employed to refine the NPC prompts, in- 21 

creasing the weight of underrepresented objectives, and re-evaluating the virtual carts until all ob- 22 

jectives were satisfactorily addressed. Results: Initial evaluations revealed uneven alignment across 23 

the educational objectives, particularly in areas such as resource conservation and balanced diet 24 

planning. Prompt refinement led to a significant improvement in feedback quality, with final itera- 25 

tions demonstrating comprehensive coverage of all educational objectives. Conclusions: The study 26 

highlights the potential of AR and AI in creating adaptive educational tools. Iterative prompt opti- 27 

mization, supported by zero-shot classification, proved effective in enhancing the app’s ability to 28 

deliver balanced, goal-oriented feedback. Future applications can leverage this approach to improve 29 

educational outcomes in various domains. 30 
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 33 

1. Introduction 34 

The rapid evolution of educational technology has opened new avenues for deliver- 35 

ing complex concepts to younger audiences. One such avenue is the use of serious games, 36 

which merge entertainment with pedagogical goals. This paper focuses on a serious game 37 

designed to address two critical and intertwined topics: nutritional health and environ- 38 

mental sustainability. These issues are particularly relevant for Generation Alpha, who 39 

will grow up in a world facing mounting challenges related to food security and climate 40 

change. The app discussed in this study leverages Augmented Reality (AR) and Artificial 41 

Intelligence (AI) to create an engaging, interactive learning experience. Through AR, users 42 

interact with a virtual shopping cart, selecting food items as they would in a real-world 43 

setting. Two AI-driven Non-Player Characters (NPCs), powered by ChatGPT, evaluate 44 
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the choices made by users. Each NPC provides feedback tailored to one of two core edu- 45 

cational themes: nutritional education and environmental sustainability. 46 

Augmented reality (AR) and serious games are proving to be transformative in the 47 

field of nutrition education. Research highlights their ability to enhance engagement, 48 

knowledge retention, and influence dietary behavior positively. For instance, Paramita et 49 

al. [1] emphasize that AR can reduce boredom and heighten interest in learning about 50 

nutrition. Interactive games and simulations are also effective tools. McMahon and Hen- 51 

derson [2] explore mobile-based pervasive games that utilize QR codes, making dietary 52 

learning engaging for children. Similarly, Barwood et al. [3] report on computer games' 53 

efficacy in promoting healthier food choices among young users. Educational innovations 54 

extend to professional training as well. Camacho and Guevara [4] note the benefits of AR 55 

in dietetics education, providing realistic and interactive training environments that sur- 56 

pass traditional methods. 57 

Participatory game design is another promising approach. Leong et al. [5] detail the 58 

development of video games aimed at improving children's nutrition knowledge, high- 59 

lighting the importance of balancing engagement with concerns like screen time. Moreo- 60 

ver, AR and virtual reality (VR) applications are gaining traction. For example, Pilut et al. 61 

[6] show how a VR grocery store tour can boost self-efficacy in purchasing healthy foods, 62 

suggesting broader implications for serious games in enhancing nutrition literacy. 63 

Overall, these studies collectively underscore the significant potential of AR and se- 64 

rious games in making nutrition education more effective and enjoyable. 65 

The intersection of nutrition sustainability, serious games, and augmented reality 66 

(AR) is an innovative area of research that offers promising strategies for promoting sus- 67 

tainable eating habits and education. AR has been shown to effectively engage users by 68 

providing interactive experiences that enhance dietary behaviors and support sustainable 69 

nutrition practices. Serious games leverage interactive and immersive gameplay to instill 70 

sustainable nutrition values. The game "You Better Eat to Survive!" exemplifies how vir- 71 

tual reality (VR) can incorporate real food consumption to enhance social interaction and 72 

sustainable eating behaviors [7]. Beyond traditional gameplay, AR and VR technologies 73 

foster more profound behavioral changes by simulating real-world consequences. A 74 

study by Plechatá et al. [8] demonstrated that VR interventions could reduce dietary foot- 75 

prints by enhancing awareness of the environmental impact of food choices. Meanwhile, 76 

Fritz et al. [9] show that AR enhances food desirability by enabling users to mentally sim- 77 

ulate consumption, promoting healthier and sustainable purchasing decisions. 78 

ChatGPT is emerging as a promising tool in the realm of nutrition education, offering 79 

personalized learning experiences and supporting dietary education. For instance, Garcia 80 

[10] explores ChatGPT's potential as a virtual dietitian, highlighting its ability to improve 81 

nutrition knowledge through personalized meal planning and educational materials. Sim- 82 

ilarly, Ray [11] notes the increasing use of AI technologies, including ChatGPT, in aca- 83 

demic settings for nutrition and dietetics. The accuracy and effectiveness of ChatGPT in 84 

responding to nutrition-related queries have also been tested. Kirk et al. [12] found that 85 

ChatGPT provided more scientifically correct and actionable answers compared to human 86 

dieticians. However, Mishra et al. [13] caution about potential harm in complex medical 87 

nutrition scenarios, emphasizing the need for responsible use by healthcare professionals. 88 

Beyond individual learning, ChatGPT aids in healthcare education. Sallam [14] highlights 89 

its role in personalized learning and critical thinking. Despite its potential, challenges like 90 

generating incorrect information remain, as noted by Lo [15]. ChatGPT's application ex- 91 

tends to specific patient groups, such as those with chronic kidney disease, where Acharya 92 

et al. [16] report its potential in enhancing nutrition education through accurate and timely 93 

responses. While ChatGPT shows significant promise, further research is essential to re- 94 

fine its use and address limitations in nutrition education [17]. This dual approach of lev- 95 

eraging technology while maintaining professional oversight could redefine the educa- 96 

tional landscape in dietetics and nutrition. 97 
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While generative AI applications in education are rapidly emerging, current research 98 

has primarily focused on their ability to deliver personalized learning experiences and 99 

facilitate interactive dialogue. Studies demonstrate the potential of AI to improve engage- 100 

ment and adapt content dynamically to learner needs. However, critical gaps remain un- 101 

addressed in the literature, particularly in the following areas. 102 

Lack of Objective Evaluation Frameworks. Existing AI-driven educational tools often 103 

lack a robust framework for evaluating their effectiveness against specific, measurable 104 

learning objectives. While they may improve user engagement, their alignment with pre- 105 

defined educational goals is seldom systematically assessed. 106 

Iterative Improvement Based on Learning Outcomes. Most AI applications in educa- 107 

tion do not incorporate iterative processes to refine their content delivery based on feed- 108 

back or performance relative to educational objectives. This limits their capacity to adapt 109 

and improve in achieving targeted learning outcomes. 110 

Integrating AI and AR in serious games. Although AR and AI have been used inde- 111 

pendently in education, their combined potential for immersive and adaptive learning 112 

experiences has been little explored. Furthermore, the integration of generative AI in AR- 113 

based serious games to achieve specific educational goals has not been explored in depth. 114 

This study aims to fill these gaps by presenting an innovative framework for evalu- 115 

ating and optimising AI-driven educational feedback within a serious game.  116 

This study focuses on ARFood, a serious game designed to educate Generation Alpha 117 

about nutritional health and environmental sustainability. The aim is to evaluate and im- 118 

prove the effectiveness of the application's AI-driven feedback mechanisms in achieving 119 

specific educational goals in these areas. ARFood uses AR to simulate a supermarket in 120 

which the food purchasing behaviour of Generation Alpha can be studied. The players' 121 

shopping behaviour is evaluated by two artificial intelligence non-player characters 122 

(NPCs), each programmed to evaluate the virtual shopping carts created by the users from 123 

a nutritional and environmental point of view.  124 

ARFood was also used to evaluate the ability of the NPCs to align their feedback with 125 

clearly defined learning objectives in the areas of nutrition education and environmental 126 

sustainability. Through an iterative process using a zero-shot RoBERTa classifier, the 127 

prompts used by NPCs are refined to ensure full coverage of these objectives. This ap- 128 

proach provides a systematic method for improving the educational effectiveness of AI- 129 

driven tools, contributing to a more evidence-based development of serious games in ed- 130 

ucation. 131 

Based on the previous gaps, the research questions of the paper are as follows 132 

RQ1. How effective can the ARFood app analyse virtual shopping carts to detect and 133 

evaluate teenagers' shopping behaviour and how efficient is AR technology in capturing 134 

these patterns? 135 

RQ2. Can the responses of an AI-based generative non-player character (NPC), de- 136 

signed to communicate in an engaging and accessible language for Generation Alpha, be 137 

systematically evaluated for alignment with specific educational goals? 138 

RQ3. Can the results of the evaluation be used to improve the appropriateness of 139 

NPC responses to specific educational objectives? 140 

2. Materials and Methods 141 

2.1. Materials: ARFood app. 142 

To explore the potential of integrating Augmented Reality (AR) and Artificial Intel- 143 

ligence (AI) in educational serious games, we developed ARFood—an app designed to 144 

teach Generation Alpha about nutritional health and environmental sustainability. AR- 145 

Food is an educational augmented reality application designed to immerse middle school 146 

students in a journey of food education and sustainability awareness through interactive 147 

storytelling and gameplay.  148 
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The adventure begins when players enter the ARFood universe where they are asked 149 

to choose a nickname to establish their unique identity within the game. Players are then 150 

faced with the task of selecting the configuration of the household to which the food will 151 

be allocated. Options range from a single person to a family of five, including the progres- 152 

sive choice of a 'rainbow family', which promotes inclusivity and reflects different modern 153 

family structures.  154 

As players progress, they are transported to the heart of the app's educational core: 155 

the virtual supermarket. This immersive environment serves as a dynamic classroom 156 

where students can explore and understand the complexities of food choices, nutritional 157 

value and environmental impact. Play in the virtual supermarket involves the use of tar- 158 

get cards designed by the students themselves. When scanned, these cards reveal detailed 159 

3D models of a wide range of food products, adding an immersive dimension to the learn- 160 

ing experience (Figure 1).  161 

 162 

 163 

Figure 1. The Virtual Supermarket 164 

The supermarket is meticulously organised into different food categories to facilitate 165 

understanding: Processed and packaged products, Fresh plant and animal products, Or- 166 

ganic or locally sourced foods, Home garden section. 167 

A unique feature of the ARFood supermarket, this area allows students to engage 168 

with life-size 3D models of vegetable crops. Players can simulate food production and 169 

consumption at home, highlighting the joys and benefits of growing your own food and 170 

promoting sustainable living practices. By navigating these categories, students can un- 171 

derstand the multifaceted nature of food consumption and its broader implications for 172 

personal health and environmental sustainability. 173 

At the end of the shopping experience, players' choices are evaluated by the two 174 

NPCs: NutriBot and CyberFlora. These characters were designed with distinct personali- 175 

ties and communication styles to resonate with young audiences and make the educa- 176 

tional content engaging and memorable. 177 
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Figure. 2. (a) Nutribot (b) Cyberflora (c) the diploma 179 

With a lively hip-hop personality, NutriBot (Figure 2a) engages students through en- 180 

ergetic interactions and contemporary language. This character breaks down nutritional 181 

information into digestible and assimilable chunks, encouraging healthy choices in a fun 182 

and upbeat way. Embodying the essence of New Age wisdom, CyberFlora (Figure 2b) 183 

offers a calm and thoughtful perspective on nutrition and sustainability. This character 184 

provides insights into the environmental impact of food choices, fostering a deeper un- 185 

derstanding of environmental responsibility. 186 

Her interactive feedback acts as a personalised nutrition guide, reinforcing ARFood's 187 

educational objectives. By adapting their communication to different learning styles, Nu- 188 

triBot and CyberFlora enhance the app's ability to engage and motivate young learners. 189 

The culmination of the ARFood experience is the delivery of a personalised diploma 190 

(Figure 2c). This diploma is more than just a certificate of completion; it encapsulates the 191 

player's educational journey and reflects their learning and achievements during the 192 

game. It includes NutriBot and CyberFlora assessments that provide personalised feed- 193 

back on the player's choices and progress. 194 

 195 

2.2. Methods. 196 

The study employs a five-step process to iteratively improve NPCs prompt effective- 197 

ness: 198 

1. Initial Prompt Development: Each NPC is initialized with a base prompt designed to 199 

provide feedback aligned with its educational goals. 200 

2. Data Collection: A sample of 90 participants interacts with the app, generating 90 201 

virtual shopping carts. Each cart is evaluated twice: once by the nutritional NPC and 202 

once by the sustainability NPC. 203 

3. Educational Objective Decomposition: Nutritional education and sustainability edu- 204 

cation are each broken down into five specific objectives. 205 

4. Evaluation Using Zero-Shot RoBERTa classifier: a zero-shot classifier assesses how 206 

well the NPCs’ feedback aligns with the predefined educational objectives. For each 207 

evaluation, probabilities are assigned to indicate the relevance of the NPCs’ re- 208 

sponses to the five objectives. 209 

5. Prompt Refinement: Based on RoBERTa's classification results, prompts are modified 210 

to emphasize underrepresented objectives. The app then re-evaluates the carts using 211 

the updated prompts. 212 

2.2.1 Initial Prompt Development. 213 

 214 

ARFood was developed in Unity 3D and the integration with the OpenAI API was 215 

realized via a wrapper in C# by programming the OpenAI API with the following 216 

prompts. The Nutribot message was set with the following parameters: 217 
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{ role = "system", content = "You are a character in a virtual reality serious game app. In- 218 

troduce yourself as Dr. NutriBot. The purpose of the app is to teach middle school children about 219 

nutrition education. You are a virtual nutrition doctor. You must judge a weekly shopping cart 220 

that the game participants have virtually purchased and explain what they did right and what they 221 

did wrong. You must rate the groceries from 1 to 10. Each cart is a different game participant. Do 222 

all the grading in rap style in Italian. Also rate whether the number of servings is appropriate for 223 

the family's weekly needs considering the number of people. Use a maximum of 200 words."} 224 

The CyberFlora message was set with the following parameters: 225 

{ role = "system", content = "You are a character in a virtual reality serious game app. In- 226 

troduce yourself as CyberFlora professor of ecology. The purpose of the app is to teach middle school 227 

children about food sustainability and the ecological footprint of foods.  You must judge a weekly 228 

shopping cart that the game participants have virtually purchased and explain what they did right 229 

and what they did wrong. Give a rating solely on ecological sustainability. Don't do nutritional 230 

evaluations. Do the whole evaluation in New Age style. Use a maximum of 200 words."} 231 

When the player decides to finish shopping and move on to evaluation by the two 232 

characters the App generates a text string describing the composition of the chosen family 233 

and the contents of the virtual shopping cart. The string constitutes the second argument 234 

of the message sent to the OpenAI API. Below is an example of the string. 235 

{ role = "user", content = "The weekly shopping is for a family of 2 person. My cart contains: 236 

10 servings of fruit. 7 servings of vegetables. 2 servings of bread. 2 servings of pasta. 4 servings of 237 

rice. 1 portion of beef. 2 servings of fish. 1 serving of cheese. 3 servings of legumes. 3 servings of 238 

pizza. 4 servings of eggs. 2 servings of fruitcake. 1 serving of strawberries from home garden. 1 239 

portion of home garden Zucchini. 1 portion of Peaches from home garden. 1 portion of Home-grown 240 

garden salad. 1 portion of home-grown garden tomatoes. 1 portion of Home-grown garden carrots. 241 

2 servings of Km 0 Caciotta cheese. 1 portion of Km 0 oil." }. 242 

The app was developed in the unity 3D programming environment. 243 

 244 

2.2.2. Data collection 245 

The study involved the recruitment of participants from second- and third-year clas- 246 

ses of a middle school. A total of 79 students participated, comprising 50.6% female and 247 

49.4% male, with ages ranging from 12 to 16 years. Each participant engaged with the 248 

ARFood app, creating a virtual shopping cart by selecting various food items. The data 249 

collected included detailed records of the virtual cart contents, categorized by food type 250 

and household size. 251 

After completing their shopping carts, each participant received evaluations from the 252 

two AI-powered Non-Player Characters (NPCs). The feedback from the NPCs was rec- 253 

orded separately, capturing both nutritional and sustainability assessments. Once the 254 

player's ratings had been generated by the two NPCs NutriBot and CyberFlora, the app 255 

would create a database record containing the player's nickname, the contents of the shop- 256 

ping basket, and the texts of the nutritional and environmental ratings. The record was 257 

sent to the teacher's email. At the end of the 79 students' experiences, the records were 258 

merged into a single database. The comprehensive dataset summarizing all participants’ 259 

shopping cart contents and the corresponding NPC evaluations is included as supplemen- 260 

tary material. This dataset serves as the basis for subsequent analyses. 261 

 262 

2.2.3. Educational objective decomposition 263 

To ensure comprehensive educational feedback, the objectives for the nutritional 264 

NPC, referred to as Nutribot, were divided into eight specific goals.  265 

• Healthy Choices: Encouraging users to select nutrient-dense foods over highly pro- 266 

cessed or sugary options. 267 

• Balanced Diet: Promoting a diet that includes appropriate proportions of macronu- 268 

trients (carbohydrates, proteins, and fats) and micronutrients (vitamins and miner- 269 

als). 270 
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• Variety of Foods: Emphasizing the importance of diverse food intake to ensure a 271 

well-rounded nutrient profile. 272 

• Nutritional Education: Providing foundational knowledge on food labels, nutrient 273 

functions, and the benefits of different food groups. 274 

• Portion Control: Teaching users how to manage portion sizes to avoid overeating 275 

while still meeting nutritional needs. 276 

• Snack Quality: Guiding users toward healthier snack options that align with overall 277 

dietary goals. 278 

• Unhealthy Eating: Identifying and discouraging consumption patterns linked to neg- 279 

ative health outcomes, such as excessive intake of sugary beverages or fast food. 280 

• Motivation to Healthy Eating: Fostering a positive attitude toward making consistent 281 

healthy choices and maintaining long-term dietary improvements. 282 

These objectives aim to guide users toward healthier and more sustainable dietary 283 

habits. These dimensions are grounded in evidence-based dietary guidelines, which em- 284 

phasize the importance of balanced and diverse nutrition for promoting health and pre- 285 

venting chronic diseases. These dimensions reflect core dietary guidelines emphasized by 286 

organizations like the World Health Organization [18] and the Academy of Nutrition and 287 

Dietetics[19]. 288 

The evaluation of serious games in nutrition education aligns with key educational 289 

objectives supported by evidence-based practices in health promotion and behavior 290 

change. Research indicates that fostering Healthy Choices can significantly reduce the risk 291 

of chronic diseases by encouraging nutrient-dense food selections over processed options 292 

[20]. Promoting a Balanced Diet, including appropriate macronutrient and micronutrient 293 

ratios, is crucial for maintaining physiological health and preventing nutrient deficiencies, 294 

as emphasized in dietary guidelines [4]. Encouraging a Variety of Foods ensures a com- 295 

prehensive nutrient intake, a strategy linked to improved overall health outcomes (Leong 296 

et al.). Additionally, Nutritional Education through gamified content has been shown to 297 

enhance user understanding of food labels and nutrient functions, facilitating informed 298 

dietary decisions (McMahon & Henderson). Addressing Portion Control aids in prevent- 299 

ing overeating, a key factor in obesity prevention, as outlined by Frederico [22]. Moreover, 300 

guiding users toward higher Snack Quality supports the integration of healthier alterna- 301 

tives into daily habits, aligning with long-term dietary goals. By identifying Unhealthy 302 

Eating patterns, serious games can discourage behaviors associated with negative health 303 

outcomes, such as high consumption of sugary drinks and fast food [23]. Lastly, these 304 

interventions aim to build Motivation to Healthy Eating, a psychological component crit- 305 

ical for sustaining dietary improvements over time [24]. These dimensions collectively 306 

support the use of serious games as an effective tool for advancing nutritional knowledge 307 

and fostering healthier eating behaviors. 308 

To effectively assess and improve the educational impact of the app, the concept of 309 

environmental sustainability was divided into eight specific objectives, each reflecting a 310 

critical aspect of ecological responsibility. These objectives guide the feedback provided 311 

by the NPC tasked with sustainability education, named CyberFlora: 312 

• Ecological Impact: Encouraging users to consider the broader environmental conse- 313 

quences of their food choices, such as habitat destruction or pollution. 314 

• Carbon Footprint: Promoting awareness of the greenhouse gas emissions associated 315 

with the production, transportation, and consumption of selected items. 316 

• Use of Sustainable Products: Highlighting the importance of selecting items made 317 

with sustainable resources or through environmentally friendly practices. 318 

• Waste Reduction: Teaching strategies to minimize food and material waste, empha- 319 

sizing responsible consumption and proper disposal methods. 320 

• Support for Local Products: Advocating for locally sourced items to reduce transpor- 321 

tation emissions and support regional economies. 322 

• Biodiversity Support: Encouraging choices that protect or enhance biodiversity, such 323 

as avoiding products linked to monoculture farming or deforestation. 324 
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• Minimizing Packaging Waste: Highlighting the importance of selecting products 325 

with minimal or eco-friendly packaging to reduce plastic and non-biodegradable 326 

waste. 327 

• Organic Food Preference: Promoting the selection of organic products, which are 328 

grown without synthetic pesticides or fertilizers, contributing to healthier ecosys- 329 

tems. 330 

Each of these objectives is integrated into the NPC’s evaluation framework, ensuring 331 

that feedback aligns with specific, actionable goals. This decomposition allows for a fo- 332 

cused and measurable approach to sustainability education, providing users with com- 333 

prehensive guidance on improving their environmental impact through informed shop- 334 

ping decisions.  335 

The integration of sustainability objectives into serious games is supported by a 336 

growing body of literature highlighting their potential to enhance educational outcomes. 337 

Serious games effectively foster environmental awareness by blending entertainment 338 

with educational content, thus engaging users in active learning processes. For instance, 339 

Lameras et al. [25] found that games designed around sustainability themes can signifi- 340 

cantly improve users' understanding of ecological issues and promote conceptual shifts 341 

toward sustainable thinking. Similarly, Hallinger et al. [26] emphasize the importance of 342 

incorporating diverse sustainability dimensions—environmental, economic, and social— 343 

into game-based learning to achieve holistic educational impacts. 344 

Moreover, the ability of games to simulate complex systems allows players to explore 345 

the interdependencies within ecological and economic frameworks. Katsaliaki and Mus- 346 

tafee [27] highlight how decision-based games enhance comprehension of sustainable de- 347 

velopment strategies by immersing users in realistic scenarios. This pedagogical strategy 348 

aligns with findings from Fabricatore and López [28], who observed that interactive 349 

games not only improve problem-solving skills but also increase awareness of sustaina- 350 

bility principles through engaging gameplay. 351 

The structured feedback provided by game elements, such as the NPC CyberFlora, 352 

further ensures that users receive actionable insights aligned with sustainability goals. 353 

This feedback mechanism is critical for reinforcing educational content and encouraging 354 

behavior change, as indicated by Emblen-Perry [29], who notes the role of serious games 355 

in promoting critical reflection on sustainability practices. These insights underscore the 356 

value of serious games as innovative tools for environmental education, capable of trans- 357 

forming abstract sustainability concepts into tangible learning experiences. 358 

 359 

2.2.4. Evaluation Using Zero-Shot RoBERTa classifier 360 

To assess the alignment of the NPCs’ feedback with the predefined educational ob- 361 

jectives, a zero-shot classification approach was employed using a RoBERTa-based model. 362 

The zero-shot RoBERTa classifier is an advanced tool designed to classify text with- 363 

out requiring specific training data for unseen classes [30]. This approach leverages trans- 364 

fer learning, allowing the model to predict labels for entirely new categories based on pre- 365 

trained knowledge. Unlike traditional classifiers, zero-shot learning frameworks like RoB- 366 

ERTa extend the scope of applicability by embedding textual entailment, where the input 367 

text and potential labels are treated as a natural language inference problem [31]. 368 

The zero-shot RoBERTa classifier is an advanced tool designed to classify text with- 369 

out requiring specific training data for unseen classes. This approach leverages transfer 370 

learning, allowing the model to predict labels for entirely new categories based on pre- 371 

trained knowledge. Unlike traditional classifiers, zero-shot learning frameworks like RoB- 372 

ERTa extend the scope of applicability by embedding textual entailment, where the input 373 

text and potential labels are treated as a natural language inference problem [31]. 374 

RoBERTa operates on the principle of contextual embeddings, enriching classifica- 375 

tion by understanding the semantic relationships between input text and label descrip- 376 

tions. This capability is particularly useful in evaluating complex domains like nutrition 377 
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education and sustainability, where predefined labels can be abstract [32]. For instance, a 378 

classifier may assess the probability that an evaluation aligns with specific learning objec- 379 

tives by calculating similarity scores between the textual representations of the evaluation 380 

and each learning objective's definition. 381 

Mathematically, if T represents the textual input and L represents the label descrip- 382 

tion, the classifier uses a function P(L|T) to compute the likelihood of L given T. This is 383 

often framed as: 384 

𝑃(𝐿|𝑇) =
exp(𝑐𝑜𝑠(𝐸(𝑇), 𝐸(𝐿)))

∑ exp(𝑐𝑜𝑠(𝐸(𝑇), 𝐸(𝐿′)))𝐿′

 (1) 

where E(·) denotes the embedding function, and cos refers to cosine similarity. This 385 

probabilistic approach ensures that even without explicit training data for a specific class, 386 

the model can infer relationships and provide meaningful classifications [33].  387 

Overall, zero-shot classification using RoBERTa exemplifies a robust methodology 388 

for evaluating learning objectives in domains where traditional labeled datasets are una- 389 

vailable or infeasible to construct [34]. 390 

In the application of the RoBERTa classifier, the evaluation was based on two sets of 391 

10 educational objectives: nutrition education and food sustainability education. For each 392 

evaluation, the classifier assigns likelihoods to each objective within these sets, ensuring 393 

that the total probability for each set sums to 1. 394 

This normalization approach can be mathematically expressed as: 395 

∑ 𝑃(𝑂𝑖|𝑇) = 1
10

𝑖=1
 (2) 

where: P(Oᵢ | T) is the likelihood of the i-th objective given the evaluation T; Oᵢ rep- 396 

resents an individual learning objective within the set; the summation ensures that the 397 

distribution of probabilities across the objectives for each thematic set adheres to the prin- 398 

ciple of probability normalization. 399 

The RoBERTa classifier was applied to the two corpora of NPC evaluations using the 400 

transforEmotion package in the R software environment [35].  401 

 402 

2.2.5. Prompt refinement 403 

he prompt refinement phase involved incorporating the educational objectives di- 404 

rectly into the programming of the two NPCs, NutriBot and CyberFlora. These objectives 405 

were previously used to evaluate the initial, more generic prompts. For NutriBot, the re- 406 

fined prompt explicitly integrated the goals of nutritional education as follows: 407 

{"role" = "system", "content" = "You are a character in a virtual reality serious game app. 408 

Introduce yourself as Dr. NutriBot. The purpose of the app is to teach middle school children about 409 

nutrition education. You are a virtual nutrition doctor. You must judge a weekly shopping cart 410 

that the game participants have virtually purchased and explain what they did right and what they 411 

did wrong. Pay special attention to portion size, portion control, unhealthy eating habits, junk food 412 

consumption, and snack quality. Be sure to address whether the portions are too large or too small, 413 

if junk food is overrepresented, and whether snacks are nutritious. You must rate the groceries from 414 

1 to 10. Each cart is a different game participant. Do all the grading in rap style. Also, rate whether 415 

the number of servings is appropriate for the family's weekly needs considering the number of peo- 416 

ple. Use a maximum of 200 words."} 417 

For CyberFlora, the refined prompt incorporated the goals of food sustainability ed- 418 

ucation: 419 

{"role" = "system", "content" = "You are a character in a virtual reality serious game app. 420 

Introduce yourself as CyberFlora, professor of ecology. The purpose of the app is to teach middle 421 

school children about food sustainability and the ecological footprint of foods. You must judge a 422 

weekly shopping cart that the game participants have virtually purchased and explain what they 423 

did right and what they did wrong. Focus particularly on the carbon footprint of the items, waste 424 
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reduction, biodiversity support, and whether the food is organic or from a garden. Give a rating 425 

solely on ecological sustainability, avoiding nutritional evaluations. Do the whole evaluation in a 426 

peaceful, New Age style, using a maximum of 200 words."} 427 

These refined prompts were applied to the dataset of virtual shopping carts created 428 

by 79 students, generating two new sets of evaluations: one for nutritional education and 429 

another for sustainability. Both sets of judgments were then re-evaluated using the RoB- 430 

ERTa zero-shot classifier, following the same procedure outlined in Section 2.2.4. This it- 431 

erative process ensured that the NPCs’ feedback became more aligned with the educa- 432 

tional goals, enhancing the overall pedagogical effectiveness of the app. 433 

3. Results 434 

3.1. The dataset of virtual shopping carts 435 

The correlation matrix (Figure 3) provides a comprehensive overview of the relation- 436 

ships between various food categories selected by participants. Several statistically signif- 437 

icant correlations emerge, highlighting key trends in their shopping behaviors. Among 438 

the most notable, the pairing of bread with zucchini (r = 0.614, p < 0.001) and pasta with 439 

tomatoes (r = 0.405, p < 0.001) suggests a consistent preference for combining staples with 440 

fresh vegetables, indicative of balanced meal planning. Similarly, strong correlations were 441 

observed between protein-rich foods, such as chicken with cheese (r = 0.645, p < 0.001) and 442 

fish (r = 0.620, p < 0.001), demonstrating an awareness of dietary diversity in protein 443 

sources. The relationships between local produce, such as local olive oil and zucchini (r = 444 

0.529, p < 0.001), and local “caciotta” cheese and carrots (r = 0.305, p = 0.037), reflect a 445 

preference for sustainable food choices. Additionally, the correlation between fruits and 446 

nuts (r = 0.527, p < 0.001) underscores a trend toward healthier snacking. The balance be- 447 

tween indulgence and nutritional value is evidenced by the correlation between sweets 448 

and eggs (r = 0.392, p < 0.001), suggesting participants maintained a degree of moderation 449 

in their selections. These statistically significant findings support the hypothesis that the 450 

ARFood app effectively guides users toward achieving both nutritional and environmen- 451 

tal education goals, providing robust evidence of its educational impact. 452 

 453 
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 454 

Figure 3. Correlation matrix. 455 

To explore relationships between other product groups, we can categorise the dataset into mean- 456 
ingful groups and examine correlations within and between these groups.  457 

• 1. Staple Foods: Bread, Pasta, Rice, Sandwiches, Local Olive Oil 458 

• 2. Protein Sources: Chicken, Beef, Fish, Eggs, Legumes, Nuts 459 

• 3. Dairy Products: Cheese, Milk, Local Caciotta Cheese 460 

• 4. Fruits and Vegetables: Fruit, Vegetables, Strawberries from the Garden, Zucchini 461 

from the Garden, Lettuce from the Garden, Tomatoes from the Garden, Carrots from 462 

the Garden 463 

 464 

By creating and comparing correlation matrices for these groups, we can assess co- 465 

hesion within groups (are items within the same group often selected together?) and 466 
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relationships between groups (do certain staples correlate with certain proteins or vege- 467 

tables, reflecting broader dietary patterns?). 468 

 469 

 470 

Figure 4. Nutrition groups corrélation matrix. 471 

The analysis of intergroup correlations (Figure 4) provides insights into the dietary 472 

selection patterns, particularly concerning staple foods, protein sources, dairy products, 473 

and fruits/vegetables. Strong correlations are observed across the groups, with varying 474 

levels of statistical significance, highlighting both nutritional complementarities and co- 475 

selection trends. Staple foods exhibit a high correlation with protein sources (r=0.681) and 476 

dairy products (r=0.801), suggesting that these categories are foundational in dietary pat- 477 

terns and are frequently consumed together. The correlation between staple foods and 478 

fruits/vegetables (r=0.754) further emphasizes the integration of these items into balanced 479 

meals, likely influenced by their complementary roles in providing macronutrients and 480 

fiber. Protein sources demonstrate strong associations with fruits/vegetables (r=0.812) and 481 

dairy products (r=0.719), indicating a consistent pairing of proteins with items rich in vit- 482 

amins and minerals. This pattern reflects well-rounded meal construction and aligns with 483 

dietary guidelines promoting the inclusion of diverse food groups. The relationship be- 484 

tween dairy products and fruits/vegetables (r=0.707) suggests a moderate but meaningful 485 

connection, likely driven by their joint inclusion in nutritionally dense meal compositions. 486 

The comparatively lower correlation with fruits/vegetables may indicate the distinct die- 487 

tary roles these groups play, yet their co-selection reflects a trend toward integrating fresh 488 

produce with dairy for balanced nutrition. 489 

These findings underscore the cohesive nature of dietary choices within the dataset, 490 

with staple foods serving as a central axis around which proteins, dairy, and fruits/vege- 491 

tables are structured. The strong correlations between groups highlight the importance of 492 

promoting educational tools, such as augmented reality serious games, that emphasize 493 

these intergroup relationships. By fostering awareness of the nutritional and sustainabil- 494 

ity benefits of combining these food groups, such interventions can support healthier and 495 

more environmentally conscious dietary habits, particularly among younger generations. 496 
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To assess players' choices in terms of environmental sustainability, food products 497 

were grouped by level of sustainability (ecological footprint). 498 

• High sustainability (Small Footprint): Strawberries, zucchini, lettuce, tomatoes, car- 499 

rots (from the garden), local olive oil, local caciotta cheese, fruit, vegetables, pulses, 500 

nuts. 501 

• Medium Footprint Bread, Pasta, Rice. 502 

• Low sustainability (High Footprint): Eggs, Cheese, Milk 503 

• Very low sustainability (Minimum Footprint): Chicken, Beef, Fish. Sweets, Sand- 504 

wiches. 505 

 506 

 507 

Figure 5. Sustainability groups corrélation matrix. 508 

The analysis of ecological footprint correlations among different food sustainability 509 

categories—ranging from high sustainability (low impact) to very low sustainability (very 510 

high impact)—offers important insights into dietary behaviors and their environmental 511 

implications. The correlation matrix demonstrates a strong positive relationship (r=0.841) 512 

between high sustainability (low impact) foods and medium sustainability foods, indicat- 513 

ing that individuals who prioritize sustainable choices such as fruits, vegetables, legumes, 514 

and locally sourced products are also likely to incorporate medium-impact staples like 515 

bread, pasta, and rice. This pattern underscores the foundational role of staples in dietary 516 

patterns, complementing high-sustainability items to form nutritionally balanced meals. 517 

Moderate sustainability foods also exhibit a moderate correlation (r=0.650) with low 518 

sustainability items such as dairy and eggs, and a slightly higher correlation (r=0.672) with 519 

very low sustainability items like meat and sweets. These findings suggest that while me- 520 

dium-impact foods serve as a bridge between sustainable and less sustainable dietary 521 

components, they also play a role in diets that include more environmentally taxing food 522 

choices. 523 

Interestingly, very low sustainability items (e.g., meats and processed foods) show 524 

the weakest correlation (r=0.568) with high sustainability foods, reflecting distinct dietary 525 

practices. This could indicate a separation between indulgent or convenience-driven food 526 

choices and those motivated by health or sustainability considerations. 527 
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Overall, these results reveal a complex interplay between nutritional priorities and 528 

environmental awareness. While many individuals attempt to balance sustainability with 529 

dietary diversity, the inclusion of very low sustainability items may compromise overall 530 

ecological goals. This analysis highlights the potential for targeted interventions—such as 531 

education and gamified tools—to promote dietary shifts that minimize ecological foot- 532 

prints. Encouraging the replacement of very low sustainability items with moderate or 533 

high sustainability options could effectively reduce environmental impacts while main- 534 

taining dietary quality and variety. These findings align with global objectives to integrate 535 

nutrition and sustainability into actionable dietary guidelines, emphasizing the dual ben- 536 

efits for health and the planet. 537 

 538 

3.2. Initial prompt development. 539 

 540 

The boxplots in Figure 6 summarizes NutriBot's performance in evaluating virtual 541 

shopping carts based on eight educational objectives. The results reveal a clear imbalance 542 

in how the NPC addresses these objectives under the initial prompt. 543 

Variety of Foods, Nutritional Education, and Motivation to Healthy Eating show the 544 

highest levels of engagement. These objectives have relatively high median values (0.21, 545 

0.15, and 0.23, respectively) and broader interquartile ranges, indicating consistent and 546 

thorough feedback. The high maximum values for these categories also highlight Nutri- 547 

Bot's strong focus on promoting dietary diversity and motivation for healthier choices. 548 

In contrast, objectives like Portion Control, Snack Quality, and Unhealthy Eating re- 549 

ceive significantly less attention, with median values close to zero. Portion Control, in 550 

particular, exhibits the lowest coverage, with most evaluations clustering near the mini- 551 

mum. This demonstrates that the initial prompt did not sufficiently guide NutriBot to ad- 552 

dress these critical aspects of nutrition education. 553 

Additionally, Healthy Choices and Balanced Diet receive moderate attention, with 554 

medians of 0.15 and 0.11, respectively. Although these objectives are more consistently 555 

covered than the lowest-performing ones, the distribution of scores suggests room for im- 556 

provement in providing more comprehensive evaluations. 557 

 558 
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 559 

Figure 6. NutriBot box plots with initial prompt. 560 

The boxplot analysis provides a detailed overview of CyberFlora's evaluations across 561 

ten ecological objectives using the initial generic prompt (Figure 7). The boxplot visualizes 562 

the distribution of CyberFlora's evaluations across eight educational objectives, highlight- 563 

ing significant disparities in how the NPC addresses these goals under the initial generic 564 

prompt. The red dashed line at 0.125 represents the balanced probability threshold, indi- 565 

cating the level at which all objectives would receive equal attention. 566 

The results show that CyberFlora prioritizes certain objectives disproportionately. 567 

Use of Sustainable Products stands out, with a mean probability of 0.5155 and a median 568 

of 0.5475, significantly exceeding the balanced threshold. Similarly, Support for Local 569 

Products also shows relatively high coverage, with a mean of 0.2100. 570 

 571 

In contrast, several objectives fall well below the balanced threshold. Carbon Foot- 572 

print, with a mean of 0.0096 and a median of 0.0079, and Ecological Impact, with a mean 573 

of 0.0709, are notably underrepresented. Waste Reduction, Biodiversity Support, and Or- 574 

ganic Food Preference also display low probabilities, indicating limited focus on these 575 

critical aspects of sustainability. 576 

These findings suggest that the initial prompt guides CyberFlora to emphasize spe- 577 

cific aspects of sustainability, particularly the use of sustainable and local products, while 578 

neglecting other equally important goals such as reducing carbon footprint and promot- 579 

ing biodiversity. This imbalance underscores the necessity of refining the prompt to en- 580 

sure more comprehensive coverage across all educational objectives. 581 

 582 
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 583 

Figure 7. CyberFlora box plots with initial prompt. 584 

 585 

3.3. Prompt refinement 586 

The graph in Figure 8 presents the distribution of NutriBot's evaluations across eight 587 

educational objectives after refining the prompt to explicitly incorporate these goals. The 588 

refined prompt led to a more balanced coverage of all objectives, as evidenced by the dis- 589 

tribution of probabilities aligning closely around the equipartition probability of 0.125 (in- 590 

dicated by the red dashed line). 591 

Compared to the evaluations from the original generic prompt, where some objec- 592 

tives were overemphasized while others were largely neglected, the refined prompt en- 593 

sured a more even representation. The boxplots show that the median probabilities for all 594 

eight objectives, including Healthy Choices, Balanced Diet, Variety of Foods, Nutritional 595 

Education, Snack Quality, Unhealthy Eating, Portion Control, and Motivation to Healthy 596 

Eating, hover near 0.125. Furthermore, the interquartile ranges (IQRs) are narrow and 597 

consistent, indicating low variability and stable performance across different evaluations. 598 

This improvement underscores the success of the refined prompt in guiding NutriBot 599 

to deliver comprehensive feedback. The probability that NutriBot addresses each educa- 600 

tional objective is now more evenly distributed, ensuring that all key aspects of nutritional 601 

education are adequately covered. This balanced feedback enhances the app's effective- 602 

ness in promoting a holistic understanding of healthy eating among its users. 603 
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 604 

Figure 8. NutriBot box plots with refined prompt. 605 

The boxplot in figure 9 illustrates the distribution of CyberFlora's evaluations across 606 

eight educational objectives after refining the prompt to explicitly incorporate these tar- 607 

gets. The refined prompt yields significantly more balanced feedback compared to the 608 

initial generic prompt. The median values for all objectives, including Ecological Impact, 609 

Carbon Footprint, Use of Sustainable Products, Waste Reduction, Support for Local Prod- 610 

ucts, Biodiversity Support, Minimizing Packaging Waste, and Organic Food Preference, 611 

are consistently close to the theoretical equipartition probability of 0.125 (1/8). This is high- 612 

lighted by the red dashed line in the graph. The variability, as reflected by the interquartile 613 

ranges, is relatively low across objectives, suggesting that CyberFlora’s evaluations are 614 

now evenly distributed. No single objective dominates, and none are significantly un- 615 

derrepresented. For instance, Carbon Footprint, Support for Local Products, and Biodi- 616 

versity Support maintain similar probabilities to Waste Reduction and Organic Food Pref- 617 

erence, showing that the NPC addresses each aspect of sustainability education with com- 618 

parable frequency. 619 

These findings mirror those observed with NutriBot's refined prompt. The explicit 620 

integration of educational objectives leads to a more holistic and equitable evaluation pro- 621 

cess. This refined design ensures that CyberFlora provides feedback that thoroughly co- 622 

vers all key sustainability goals, thereby enhancing the educational impact of the app. 623 
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 624 

Figure 9. CyberFlora box plots with refined prompt. 625 

 626 

4. Discussion 627 

The integration of Augmented Reality (AR) and Artificial Intelligence (AI) in educa- 628 

tion has shown great promise in addressing complex topics such as nutritional health and 629 

environmental sustainability, as evidenced by the ARFood app. The results of this study 630 

support its potential as an effective tool for engaging Generation Alpha in these critical 631 

areas.  632 

In response to RQ1, the use of AR technology facilitated a realistic and engaging sim- 633 

ulation, promoting user interaction and retention of educational content. Statistical corre- 634 

lations observed between food categories, such as the pairing of staples with fresh vege- 635 

tables, indicate that users were guided towards balanced and sustainable choices, ful- 636 

filling the educational objectives of the app. For example, strong correlations such as pair- 637 

ing bread with courgettes (r = 0.614, p < 0.001) and pasta with tomatoes (r = 0.405, p < 0.001) 638 

suggest that participants incorporated diverse and complementary food elements. Fur- 639 

thermore, preferences for local and sustainable products, such as the correlation between 640 

local olive oil and courgettes (r = 0.529, p < 0.001), further reflect alignment with the app's 641 

goal of promoting environmentally conscious decisions. 642 

In response to RQ2, the evaluation of artificial intelligence-based non-player charac- 643 

ters (NPCs) carried out in a style aligned with the communicative preferences of Genera- 644 

tion Alpha demonstrated the feasibility of balancing user engagement with educational 645 

and scientific rigor. For example, NutriBot’s rap-style feedback and Cyberflora’s new-age 646 

tone were purposefully designed to resonate with younger audiences, yet the zero-shot 647 
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RoBERTa classifier verified that their responses maintained alignment with core educa- 648 

tional objectives. Specifically, NutriBot consistently promoted varied diets and healthy 649 

food choices, while Cyberflora emphasized sustainable food consumption. These stylistic 650 

adaptations did not compromise the depth or relevance of the educational content, instead 651 

enhancing accessibility and relatability. Moreover, the systematic evaluation revealed that 652 

these NPCs were capable of addressing nuanced themes such as portion control and waste 653 

reduction effectively following iterative refinements. This balance of engaging communi- 654 

cation and substantive feedback underscores the potential of ARFood’s NPCs to meet di- 655 

verse educational goals. By tailoring feedback styles to the audience while ensuring sci- 656 

entific rigor, ARFood exemplifies how AI-driven tools can bridge the gap between enter- 657 

tainment and education, expanding their utility and scalability in modern learning envi- 658 

ronments. 659 

Addressing RQ3, the iterative process proved instrumental in refining NPC re- 660 

sponses to better align with educational objectives. For instance, NutriBot’s focus on un- 661 

derrepresented goals such as portion control and snack quality improved markedly with 662 

refined prompts, leading to a more holistic coverage of critical nutritional aspects. This 663 

improvement is evidenced by a significant increase in the alignment of feedback with pre- 664 

defined educational targets, highlighting NutriBot's enhanced ability to guide users to- 665 

ward healthier dietary habits. Similarly, CyberFlora achieved more balanced coverage 666 

across all sustainability objectives, addressing prior gaps in areas like waste reduction and 667 

biodiversity support. These refinements underscore the effectiveness of iterative evalua- 668 

tions, demonstrating how targeted adjustments can optimize the educational value of AI- 669 

driven tools. Moreover, the process highlights the adaptability of such technologies in 670 

evolving educational landscapes, ensuring their relevance and efficacy in addressing di- 671 

verse learning needs. 672 

The findings of this study align with existing literature on the use of Augmented 673 

Reality (AR) and Artificial Intelligence (AI) in education, particularly in the domains of 674 

nutrition and personalized learning. 675 

The ARFood app's use of AR to create engaging and realistic simulations for teaching 676 

nutritional health is consistent with the conclusions of Yigitbas and Mazur [36], who 677 

found that AR and Virtual Reality (VR) technologies effectively support healthy eating by 678 

providing additional product information and new learning applications. Similarly, 679 

McGuirt et al. [37] highlighted the potential of Extended Reality (XR) technologies to in- 680 

crease the accessibility and attractiveness of nutrition education programs, which aligns 681 

with ARFood's approach to engaging Generation Alpha.  682 

The iterative refinement of AI-based Non-Player Characters (NPCs) in ARFood to 683 

provide personalized feedback aligns with findings by Maghsudi et al. [38], who noted 684 

that AI in higher education is used for assessment, evaluation, and intelligent tutoring 685 

systems, thereby enhancing personalized learning experiences.   686 

The study's iterative process to refine NPC responses for better alignment with edu- 687 

cational objectives reflects the adaptability of AI-driven educational tools. The results ob- 688 

tained confirm that the correct wording of prompts is crucial in the use of artificial intel- 689 

ligence (AI) in education, as it directly affects the quality and relevance of the responses 690 

generated.  Recent studies have highlighted the importance of this practice. For example, 691 

Denny et al. [40] introduced the concept of ‘Prompt Problems’ to help students develop 692 

skills in creating effective prompts for code generators based on large language models 693 

(LLM). Furthermore, Ng and Fung [41] have shown that the careful design of prompts, 694 

including specific information about learners, effectively guides AI in generating coherent 695 

and pedagogically sound learning paths, improving the effectiveness of personalised in- 696 

struction. 697 

The ARFood app not only aligns with existing research on the use of Augmented 698 

Reality (AR) and Artificial Intelligence (AI) in education but also extends these findings 699 

in several significant ways. While previous studies have explored the use of AR and AI 700 

for nutrition education, ARFood uniquely combines these technologies to address both 701 
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nutritional health and environmental sustainability. By guiding users toward balanced 702 

diets and eco-friendly food choices, ARFood provides a holistic educational experience 703 

that encompasses multiple dimensions of well-being. ARFood employs AI-based Non- 704 

Player Characters (NPCs) that offer tailored feedback on users' food selections, enhancing 705 

the personalization of the learning experience. This approach builds upon existing re- 706 

search by demonstrating the effectiveness of AI in delivering customized educational con- 707 

tent, thereby increasing user engagement and knowledge retention. The development of 708 

ARFood involved an iterative process to refine NPC feedback, ensuring alignment with 709 

educational objectives. This method not only improved the quality of information pro- 710 

vided but also showcased the adaptability of AI-driven educational tools in meeting di- 711 

verse learning needs. By incorporating gamified elements and immersive AR experiences, 712 

ARFood effectively engages Generation Alpha, catering to their digital proficiency and 713 

learning preferences. This strategy enhances motivation and participation, addressing 714 

challenges identified in previous studies regarding student engagement in educational 715 

programs. 716 

However, this study has limitations. The sample size, while sufficient for initial anal- 717 

ysis, may not generalize to broader populations. Additionally, the reliance on a single 718 

zero-shot classification model might overlook nuanced feedback gaps. The absence of lon- 719 

gitudinal data limits insights into long-term behavioral impacts. Addressing these limita- 720 

tions in future research could involve expanding the participant base, incorporating di- 721 

verse AI models, and conducting longitudinal studies to assess the sustainability of the 722 

observed educational benefits. 723 

Future developments could include integrating adaptive learning mechanisms to tai- 724 

lor feedback dynamically based on individual user progress. Expanding the application 725 

to address other sustainability and health topics, such as water conservation or physical 726 

activity, could further enhance its educational value. Finally, collaborative features ena- 727 

bling peer interaction might enrich the learning experience and foster collective aware- 728 

ness. 729 

5. Conclusion 730 

This study explored the integration of Augmented Reality (AR) and Artificial Intelli- 731 

gence (AI) in the ARFood app, designed to educate Generation Alpha about nutritional 732 

health and environmental sustainability. By evaluating virtual shopping cart behaviors 733 

and refining AI-driven NPC feedback, the app effectively aligned with predefined educa- 734 

tional objectives. Key results include the successful application of iterative prompt refine- 735 

ment, leading to comprehensive coverage of nutritional and sustainability goals. 736 

The findings underscore ARFood’s potential to enhance user engagement and learn- 737 

ing outcomes through immersive and adaptive technologies. Users demonstrated im- 738 

proved awareness and decision-making regarding balanced diets and sustainable food 739 

practices. Despite some limitations, such as sample size and the need for longitudinal 740 

data, the study provides a robust framework for future developments in educational se- 741 

rious games. 742 

ARFood’s innovative approach highlights the possibilities for leveraging AR and AI 743 

in educational contexts. By addressing current gaps and expanding its scope, this frame- 744 

work could inspire broader applications, ultimately contributing to the development of 745 

informed, sustainability-conscious generations. 746 
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