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Abstract/Resumo

O desperdício alimentar é uma questão de grande relevância para todos os países do mundo. Muitas
entidades e governos trabalham no sentido de encontrar uma solução para diminuir ou minimizar o
desperdício desde a sua produção até ao consumo dos alimentos. Uma dessas entidades é o Banco
Alimentar da Madeira contra a Fome, que promove campanhas de sensibilização direcionadas a
diferentes grupos da população. Realizam visitas de estudo às escolas, mas têm notado um pouco
envolvimento e eficácia nestas campanhas direccionadas para as crianças. Em parceria com o Banco
Alimentar da Madeira contra a Fome, foi construído um jogo que tem como objetivo sensibilizar
para a prevenção do desperdício alimentar. Esta experiência, dirigida a crianças dos 8 aos 12 anos,
foi desenvolvida com o Unreal Engine 5 para telemóvel. Foram realizadas pesquisas sobre outras
iniciativas para perceber de que forma o nosso trabalho poderia ser uma mais-valia para a área.
Foram realizados vários estudos durante o ciclo de desenvolvimento para avaliar a eficácia e o nível
de diversão do jogo. O jogo provou ter potencial para uma utilização bem sucedida num cenário
real, com a faixa etária definida, em ensinar ações de redução do desperdício alimentar.

Keywords: Desenho de jogos · Serious Games · Redução do desperdício alimentar · Sustentabili-
dade · Crianças



Abstract

Food waste is an issue of high relevance to all countries around the globe. Many entities and
governments work towards finding a solution to decrease or minimise the waste from its production
to the consumption of the food. One such entity is Banco Alimentar da Madeira contra a Fome,
promoting awareness campaigns for different groups of the population. They conduct field trips to
schools, but have noticed a low level of engagement and effectiveness in these campaigns targeted
at children. In partnership with Banco Alimentar da Madeira contra a Fome, a game was build
that aims to raise awareness to prevent food waste. This experience targets children from ages 8
to 12, was developed with Unreal Engine 5 for mobile. Research was performed in other initiatives
to find how our work could be a positive addition to the area. Various studies were conducted
during our various iterative steps during the development cycle to evaluate the effectiveness and
amusement level of the game. The game proved to have potential for a successful deployment in a
real world scenario, for the target age group defined, in teaching food waste reduction actions.

Keywords: Game Design · Serious Games · Food Waste Reduction · Sustainability · Children
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1 Introduction

Food waste is referred as the proportion of edible food that goes unconsumed [1], which includes
materials for human consumption that are subsequently lost, degraded, discharged, or contaminated
[2]. Food waste as more implication in the sustainability and economy of everyone in the planet,
because tons of food that needed, water, soil, transport, have a shorter life cycle, thus decreasing
its availability specially to people in need [3, 4]. Due to its growing magnitude, complexity, and
relevance food waste has attracted several initiatives [5,6] all in the hope that by 2030 food waste
is going to be reduced by half [7]. According to Hebrok et al [8], households are considered the
major contributing factor to food waste. Household food waste refers to a portion of the overall food
losses that occur due to consumers choices, this includes actions like cooking excessively large meals,
purchasing excessive amounts of food, and neglecting to repurpose leftover food [9, 10]. Scholars
have highlighted the need for more empirical research at the household-level [11] in particular to
study effective strategies to engage consumers in food waste reduction [12,13].

Current research shows that younger consumers are more likely to engage in food waste re-
duction than their older counterparts [12, 14]. However, initiatives that can teach and motivate
students and their relatives to have better food waste management need further exploration [15].
Previous research has shown that playful educational experiences and games show positive effects
in a wide spectrum of the development of children’s cognitive skills, and facilitates the learning
process [16–18]. Hence, we see potential in designing a game for 8-12 years-old children about food
waste reduction strategies. A game about food waste can transmit children important life skills
such as budgeting, resource management, creativity in using leftovers, and the value of sharing and
donating food. Andrés et al, performed an initiative with higher education students, which proved
to be successful in changing their waste habits [19]. By designing and developing a game, we intend
to capture their attention and make learning about food waste a fun and memorable experience,
instead of associating food waste with negative emotions as previously research shows to be very
common among consumers [20]. Furthermore, this approach is aligned with the reality of the local
context of Madeira where this project is being developed and where the Local Food Bank finds the
use of traditional approaches ineffective.

This thesis contributes with the design and implementation of a food waste game for children,
to be promoted by the local food bank, and help them teach children about food waste through an
entertainment medium. A game that can be shared as part of their dissemination activities within
the formal school context but that can be explored by children in informal learning environments,
leveraging a long-term exposition of topics related to food waste and best practices to avoid it.

The game’s evaluation should also provide more knowledge about the effectiveness of serious
games applied to children, and possibly help in future endeavours related to developing games for
children in similar scenarios. Two research questions were formed to guide our research efforts:
RQ1 - Can a serious game promote awareness towards best practices on avoiding food waste
among children?; RQ2 - What game mechanics can effectively teach about avoiding food waste
while maintaining high levels of enjoyment.

As such, this work contributes with the conceptual design and pilot evaluation of a game about
food waste reduction strategies for children.
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1.1 Document structure

The document is structured with the following chapters:

1. In chapters 2 and 3 include all of our research efforts, starting with a more broad look into
food waste, serious games, children digital media and games to learn more about these topics.
In chapter 3 we discuss various related work to find what was already done in this area and
where we can introduce our project.

2. Chapter 4 explains our target audience, platform, design decisions, how the game evolved, show
casing the four main steps in the development of the game from prototypes to the current
version of the game.

3. In chapter 5 we detail all of our process of development of the game, with requirements,
diagrams and implementation of our mechanics.

4. Chapter 6 is dedicated to our target platform and the system requirements.

5. In chapter 7 we present all of our studies performed, with the procedures followed and results
for each study.

6. In chapter 8 we discuss our results and the research questions, explaining what was achieved
and what was not.

7. Chapter 9 we discusses our limitations and goals of future work.

8. In chapter 10 we conclude what our work brings to this area and the main contributions.
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2 Literature review

2.1 Food Waste Introduction

Food waste is all the food, or portions of a food, that can be consumed, but are left unconsumed [1].
This wasted food can originate in many steps of the food cycle from production, transportation,
at the supermarket or stored incorrectly in our household. Our focus is in the improvement of the
household food waste. Following the goals set by the United Nations Sustainable Development [4]
to reduce food waste, different countries have handled this problem in different ways.

When looking at Portugal the Comissão Nacional de Combate ao Desperdício Alimentar, the
entity responsible for fighting food waste, shows that although some initiatives, such as M6 "Share
good practices, including, guidelines and successful cases" and M3 "Develop awareness campaigns
for the population that still attends school" [21], have been made to reduce this problem, there are
always improvements that can be done to help with this problem here in Portugal. We can educate
children from a very early age so their habits can mature and be part of a future solution [22].

On the other hand, looking at the United States of America as another example, according
to multiple news reports collected [7], the majority of food waste comes from big companies and
schools.

The agriculture department of the USA estimates that the daily food waste is enough to fill
ninety thousand benches from a rugby stadium [7]. Half of the quantity of food waste produced
is from children, which is equivalent to the rest of the population, thus this age group is a major
factor in the production of food waste. The food waste produced from sales and consumers is
around thirty one percent.

It is expected that by 2030 food waste is going to be reduced by half [7] going in line with the
goals set by the United Nations [4], however, there are no regulations, nor enough initiatives for
that to be a reality. Some laws also bring more damage than profit thanks to legal limitations, since
each school follows its own rules in the fight against food waste. There is no common ground for
initiatives that can teach and motivate students and their relatives to have better management of
their food waste. One such law is USDA’s "Healthy, Hunger Kids Act" mandate, which in practice
only leads to more food being wasted [23].

As stated by Vieira et al, secretary of agriculture and food of Portugal, food waste education
starts in school among the students, since these are the new generation of producers and consumers
[3], it is in this perspective that this work looks into what has been done and can be improved. There
are a couple of ongoing initiatives that approach the food waste problem and try to raise awareness
for this problem among children and their parents [24–28]. In the local context of Madeira island,
the Banco Alimentar da Madeira 1, an entity that we are collaborating with, often gives talks and
develops activities to educate children to how they can be part of the solution for food waste.
However, they find that young children are hard to engage in this problem through traditional
approaches such as lectures. Hence, they came to us with the challenge to design a game to raise
awareness of food waste and deliver best practices to avoid waste.

1https://www.bancoalimentar.pt/bancos/madeira/
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2.2 Serious Games

Video games are firmly cemented as a component of the modernized, digital classroom thanks to
growing research into their educational uses. For example, environmentally conscious games are
gathering the interest of sustainability teaching, leading to research into the educational value of
such games is quickly growing in importance [29].

According to Fisher, games can be defined as an interactive experience, where a user or group
of users try to achieve certain goals set out inside the game. A set of rules are set out so the player
knows how they can work towards the said goal. The aforementioned rules are normally designated
as game mechanics since these rules will define how the game gets played out [16].

Games that are built with the intention of having their users learn or practice concepts are
referred as serious or educational games. Serious games are mentioned to as being "created for
all ages, from kids to senior citizens, on a huge range of subjects, from sex education to military
training" [16].

Games are a powerful tool for education because through games children acquire knowledge,
enrich their experience, are active participants in their learning process and develop social, cultural
and cognitive skills and habits [30]. Serious games can also be defined as simulations of real-
world events or processes designed for the purpose of solving a problem [31]. Playful educational
experiences and games have shown positive effects in a wide spectrum of the development of
children’s cognitive skills, and stimulate learning in children [18].

Serious games are defined as games designed with a primary purpose beyond mere entertain-
ment. These games are powerful tools for education, since through gameplay children acquire
content knowledge, enrich their experience, and are active participants in their learning process.
All while developing social and cultural skills and providing the opportunity for students to tackle
real-world problems [31–34].

Gamification is the use of game elements to encourage a behaviour or attitude in a non-game
environment. Some of these elements come in the form of rewards, leaderboards, points, among
other things, that are part of the mechanics and gameplay used in games [35]. Serious games can
benefit from gamification by leveraging gamification inspired mechanics to reward the player for
achieving certain goals or following correctly the educational goals.

Previous research, demonstrates that serious games are tools that can facilitate the learning
process, providing a better understanding of certain subjects as children are more engaged in the
experience [16,17].

2.3 Children Digital Media and Game Consumption

Following the content mentioned in the previous subsection, this subsection presents some scientific
validation and examples of content developed for children, more specifically digital content.

Children are undergoing growth and as such many of their skills are still under development.
School is the most common environment for the development of these skills, but the exposition of
information is not always the most effective to stimulate a successful learning experience. Janet et
al share a constructivist framework for serious games. Constructivism applied to games relates to
how the user learns, when the user undergoes a new experience the user takes knowledge from that
experience and forms new knowledge [36]. Additionally the learning process is achieved through
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social interaction, where the sharing of experiences with other users expands their knowledge [36].
Children can learn through experience by observing, forming a mental model and using problem
solving skills. Teachers can provide guidance, while allowing children to explore at their own pace
and time the content and acquire knowledge, making children participate in the learning process
(active learning). Children can also learn by sharing their experiences with other colleagues, for
example in forums with other users who also had some learning and different perspective from the
experience [37]. Problem solving skills are developed and practiced when playing video games. This
is also extremely helpful as video games can represent real life experiences [17].

Fisher et al mentions that children aged from nine to twelve years old are more susceptible to
learning new concepts very rapidly. This comes from the fact that their brain thinks at an increased
speed, and they also start to change their preferences in games and media consumption. This age
group plays different types of games on different devices, so they are familiar in how to use them.
However, unless exposed to it intentionally, they are unlikely to interact with serious games unless
shared in a school environment [16].

Additionally Fisher et al [16] reported that between seven and nine start to have more freedom
in media consumption. Furthermore, children from nine to twelve years old are enhancing many of
their skills (communication, motor skills, social and emotional development, logical thinking) and
start to have their opinions and preferences.

Children’s early life is fundamentally a period of preparation and socialization leading towards
the full citizenship of adulthood. Given that today’s children are the future generations whose
health and well-being will be increasingly harmed as the stability of social and ecological systems
continues to unravel [38]. In the interest of building sustainable futures in collaboration with youth
and towards developing empowering pedagogies in the process, inviting young people to learn about
the scientific and social dimensions of sustainability is critical, as is encouraging their action [39].

3 Related Work

In this section, we will start by discussing different types of educational resources that can help
children to reduce food waste, like books, web pages and blogs. Following a section with projects
targeting children. We will showcase how this topic is approached by different games and gamified
applications. Followed by a section to get some insight into developing games for children. A section
is also dedicated to showing projects that have children as target consumers. Lastly, at the end of
this section, there is a conclusion comparing the different food waste resources, their relevance to
the subject and different target ages.

3.1 Initiatives aimed at raising awareness about food waste

Food waste is a critical problem in our days and accounts for a substantial quantity of wasted
resources [40]. Therefore it is critical to find solutions that prevent and minimize food waste for
our well-being and the sustainability of the environment [4]. Pinto et al. implemented awareness
campaign in the context of a University canteen and by displaying simple posters with educative
messages, and conducting guerrilla actions during the busy lunch hour. The authors verified a
reduction in plate waste, and increased the recycling attitude of the users (mostly students) of the
canteen [41].
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Books are also one of the resources used to prevent food waste. Some explain how to organise
visits to the supermarket; how to organise food storage and how to prepare dishes following good
food waste practices [25]. In particular, we found a collection of four illustrated storybooks [24]
targeted at children. Each book explores different aspects of food waste, with topics about how to
organise the fridge to prevent food waste in various ways.
Other mediums used as inspiration for this research were food waste blogs [42], websites 2, social
media pages [26] dedicated to finding solutions to this problem, books and lastly academic articles
[14,43]. These sources revealed to be very important to get a better understanding of the techniques
and mediums currently used to raise awareness towards food waste reduction. A notable example of
a complete and vast material that presents and explains a lot about food waste is [25] Desperdício
Zero à mesa com o Pingo Doce. This book explains how to organise visits to the supermarket;
what to look for; in what quantities and how to organise the fridges, freezers and pantries. This
aforementioned book showcases how to prepare dishes following good food waste practices, eating
habits that besides helping to reduce food waste also help to save money, and finally, it presents
mindful recipes using food remains (that we may have laying around) giving them another life in
new dishes.

All these were important to get a better understanding of how to decrease food waste and help
“fight it”, from buying food from the store, storing, and following recipes and tutorials on how to
reuse food that would potentially be wasted.

3.2 Children Targeted Projects

In this subsection, some projects targeted to children are presented to share some insight how these
projects are making use of digital tools.

An article of relevance [44] about the integration of children in the development of new tech-
nologies, focus on the process of involving children and their roles as strong influences and guides of
ideas for new technologies. The children’s participation also helps in adapting these tools making
sure that they are interesting and adequate for other children.

Some relevance needs to be given to REDA program [45] since it provides a lot of content
that teachers can use in their classroom. The content was specially useful during the pandemic
for teachers, providing extra content with a didactic approach for the children to access at any
time cost free. An example of a project developed for this program was “ilha periscópio” [46] which
provides content that is usually lectured in mathematics, portuguese and science classes, presented
in small and short games so that the students could learn or relearn concepts in an entertaining
way.

Nowadays the importance of having new digital tools, developed to teach and involve the youth
in becoming more competent adults for the future is more common. The involvement of children in
building new tools targeted for future children like them is important, this is why many educational
systems and institutions are looking for methods to share these digital goods with the population.

3.3 Serious Games about Food Waste Reduction

In this section we present the related work on serious games for food waste reduction that have in
mind younger audiences.

2https://www.bbcgoodfood.com/howto/guide/how-reduce-food-waste
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A família Consciência vai às compras [27,28] is a game developed for the web. This game was
developed to be used in the school context, targeting students with ages ranging from 8 to 12 years
old. The authors were especially focused on applying it to the classes of “Estudo do meio” and
“Educação para a cidadania”. The game was built with cooperative mechanics, which can be used
for increasing the number of players, however it was also built as an adversarial based game. The
game allows a team of one or two players to face another team of the same size, or a computer. The
cooperative mode of the game is also useful for testing it in a class environment. The study lasted
for three months where the authors collected data from students and teachers about how food waste
was presented as a theme for them to be more mindful of their decisions. Additionally teachers
were asked if these tools were a good addition to the classroom when teaching new subjects. The
majority of the responses were very positive regarding its effectiveness and children’s engagement
was high during the whole process.

A game called Tony waste [47], was developed as a serious game to introduce food waste to
its players. The creators wrote an article that reports the process of creating this food waste
oriented game. The goal of the game is to teach children how to decrease food waste. The designers
and developers started by building the main character which was inspired by existing cartoons
characters. The character’s name Tony is associated with Italy and pizzas, and the central idea of
the game is to reduce food waste. The creation of the main character was done with the target
public in mind, his head is big so it stands out more, and because he is a chef a chef’s hat
was incorporated. He also has a moustache which is characteristic of Italian chefs and his facial
expression were enforced. The authors emphasise how they made use of low saturated colours for
the background and more saturated colours for the interactive components of the game. In the
game the player is responsible for managing a pizza restaurant, taking clients orders, remembering
them and choosing the ingredients for the pizza. Every mistake in the conception of the food leads
to the waste bar increasing and once it is full the player loses.

"Upcycle" is an artefact with an interesting game concept approach, which provided lots of
ideas for how the game would end up working [48]. The game concept is presented in a video
format, since there is no prototype or any development of such a game. The concept of the game
is a narrative that talks about food waste and how it is affecting our world. They mention that
the game has three core pillars - first one cooking: when helping people during the story, we are
given food spirits that share new recipes. We can then cook in the game and in real life using a
companion app. The second pillar is education, which is achieved with the stories that are shared
with us by the people that we help in the game or the food spirits. Finally, the third and last pillar
is community which functions by people helping each other to make good decisions, by interacting
through dialogue which leads to gather more food spirits and having the world of the game less
polluted.

Finally, the results in Titiu et al, showed encouraging results for a gamified application, which
was still missing partnerships in order to incentivise even more parents in make the right decisions
regarding their household food management [49]. Additionally, the games from [27, 28, 47] proved
to be a step in the right direction for involving the youth in the learning process to manage their
food waste correctly and becoming a part of the solutions to food waste in the future.

Overall, the described games [27,28,47] show the potential towards involving the youth in food
waste reduction. Previous games have employed various strategies including:
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1. The use of characters and their stories, to captivate children’s attention and influence them
[47,50,51].

2. Game mechanics that use slice or cut food, prepare meals and storing food are reported as
being engaging [27].

3. Additionally, game mechanics that foster collaborative environments between children and
their parents are beneficial to support and reinforce positive behaviors related to food waste
[27,28,49].

4. From the body of work, games that include repetitive actions help with the practice of habits
that can later be internalized and executed instinctively. [17,37].

While these works provide inspiration, further research is needed thus, we propose the design
and development of a serious game as an artifact to assess its efficacy in educating children about
the best practices for minimizing food waste.

3.4 Chapter Summary

From the works reviewed so far, we notice that games target a younger audience whereas books,
and web pages usually target older audiences. For example, we noticed that the materials produced
by "Pingo Doce” [25] target an older age group who buy, store, and cook their food, so they are
more mindful of all their decisions. So everything presented is explained in a detailed way with
explanations of the advantages and disadvantages of using certain products, how to make the best
of the food they buy when it comes to storing properly. On the other hand, the content that is
targeted at children, mostly games [27,28] and books [24] usually present the information through
the lenses of memorable characters and their stories. One common approach is to use collaborative
mechanics in the gameplay [27,28,49] for example in the game by Titiu et al [49] children and their
parents both learn about food waste in a collaborative way. Parents, through the completion of
quests, give rewards to children, whereas children learn through reminding what the parents have
to do and watching them do it regularly. These collaborative experiences are helpful because each
person can complement the other learning and help them understand the problem more effectively
the repetition aspect is good for practice habits to be later implemented involuntarily.

All these projects have different and unique mechanics that make them interesting tools to teach
the population about food waste from which we can learn and take inspiration from. However,
we can also identify a gap as there are very few approaches that report on an evaluation and
understanding of what is their impact. Therefore, we envisage designing and evaluating a game,
so that we can extract guidelines and recommendations for future designers that wish to continue
efforts in fighting food waste through serious games.
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4 Design

In this section, we present an in-depth look into the different stages of the design process of
the game, illustrated in Figure 1. First, we describe some of the decisions made in regards to
platform, ideas and concepts inspired by previous work. Secondly, we provide an overview into
our first prototype in Figma. Thirdly a look into a small redesigned prototype. The start of the
development of the build for our pilot test. Finally, we described the final game’s design process.
Each section carefully explains the thought process behind each phase.

Fig. 1. Diagram with the various design phases performed during the development of the game.

4.1 Target Audience and Platform

We decided to develop a game for mobile devices that appeals to children between the ages of
8 and 12 since most children in this age gap have access to mobile devices. The criteria for this
selection is that most of the children in our target group have easy access to this type of equipment,
inclusively provided by the school. Furthermore, the use of this equipment provides the opportunity
that besides exploring the game in a class context, where the topic of food waste is introduced,
children can play the game again in a non-formal school context and share this experience with
others, from friends to family members of different ages. Furthermore, Druin et al endorse the use
of mobile devices in a school environment, as a simulation setting facilitates the learning of these
concepts [52].

4.2 Initial Concept Design

Taking inspiration from previous body of work such as books, games and applications dedicated
to this area of research, we shared specific solutions that guided the design of our game.

A game that influenced the development of the game was Ratatouille released for the Nintendo
DS (see Figure 2 - A and B). This game offered a cuisine chef experience where the player had
certain food to slice with a timer for each food they were preparing. The slicing process provided
variations on the way you would use the touch screen of the Nintendo DS to cut the food. The
player would have to manage the cooking of the food on three pans simultaneously, needing to
place the food and be aware of the temperature of each pan. A sign would appear if the user
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Fig. 2. Group of games that inspired ideas or mechanics in the game. A - Shows the slicing food me-
chanic from Ratatouille Nintendo DS game. B - Shows the placing food in the plate mechanic from the
same Ratatouille game. C - Shows the organization of food in "Fridge Organizing" game. D - Shows the
organization of food in "Fill up Fridge" game.

needed to add more food or finish the cooking. In the third phase, we have a timer to make all the
moves necessary on the touch screen to put all the food on the plate.

Another of the ideas for the game was also organising food, as such we conducted research for
similar mobile games. As part of this search, two games offered different approaches to organizing
food in a fridge: Fridge organizing (see Figure 2 - C) offered an example in which colors are used
to match the food colors that the player had to place in the specific shelf. The other game Fill
up Fridge (see Figure 2 - D), offered a different approach to organizing, in this case, the player
had different food items to organize in the shelves in the most efficient way. There was also the
possibility of leaving gaps between the food storage which could lead to the shelf with less food
than if it was all properly organized.

One of the initial ideas involved having a way to teach about each type of food waste action and
correct it. This concept proved to be very divergent and not cohesive for the target age audience
since they would have to learn and remember many different things in the game. The second idea
proposed was being responsible for organizing and preparing the food inside a household. The
player would be guided by a helper, which was chosen to be an animal similar to the books about
food waste Zambujal et al [24], in this case, a hamster or gave life to a butter dish. The goal of
the game evolved from just organizing food in the pantry, fridge, and freezer into helping with the
cooking of certain dishes, which in the final version are meant to be real recipes from Pingo Doce’s
book [25], a local supermarket. While making the correct decisions about food waste, the player
earns money and experience which can be used to customize and unlock new tools and cosmetics.
This helps the user to feel some sense of progression and achievement for playing the game apart
from the learning aspect.
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4.3 Game Development

Before building the game in Unreal Engine 5 3 an initial prototype was built. This initial prototype
for the game was developed with Figma4 (a platform used to develop prototypes in a fast and
effective way) to get a better understanding of what components of the game were useful and
which ones were not for the final version of the game. In the next sections we illustrate the overall
game design based on this first Figma prototype. A design of the gameplay loop is illustrated in
Figure 3.

Fig. 3. Initial gameplay loop diagram based in the first prototype ideas.

4.3.1 Figma Prototype

Our goal is to apply some food waste reduction strategies within the familiar setting of a kitchen.
Games that are relevant by providing the information within the context of the user, in this case
children, can help in the process of transferring skills that are useful beyond the game itself [53].

The design was also guided by a pedagogical approach regarding the content of food waste.
As such the educational scope of this game is to focus on the following approaches for food waste
reduction: 1) Proper food storage: How to organize the refrigerator/pantry to store food correctly,
maintain its freshness, and prevent spoilage; 2) Leftover management: Re-purposing leftovers into
new dishes; 3) Meal Planning: Plan meals in advance to avoid overbuying and ensure that all
purchased ingredients are used efficiently. Hopefully, through gameplay, children can apply these
strategies, understand their relevance/application, and eventually have the opportunity to share
the game with other friends and relatives.

3Unreal Engine website - https://www.unrealengine.com/en-US
4Figma short link - https://shorturl.at/BGI15
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Fig. 4. Screenshots from the low-fidelity Figma prototype showcasing the gameplay. 1 - Shows the in-
troduction message from Chef Eduardo; 2 - Displays the storing mechanic, on the left the player can see
the food to store. The colors below indicate the shelf that it belongs to. On the right side of the screen,
the app displays the pantry and the respective shelf’s. 3 - Shows an example of the food stored properly
and Chef Eduardo, above the food assets, the status indicator for its freshness is showcased; 4. Shows an
example of food that was stored incorrectly.

4.3.2 Game Narrative ideas

A short narrative was introduced in this prototype to present the users with a general idea of
why they were doing certain things in the game. The game starts with an introduction of the
main character, Chef Eduardo who was represented on the screen as a lion. The character is
responsible for guiding us inside the game and teaching us how to handle everything inside the
kitchen according to good principles against food waste. At this phase, the narrative did not have
much depth and was merely used as a way for the players to have a character guiding them that
was appealing, thus the decision to use an animal.

Each day Chef Eduardo needs help to handle all the activities that go into being a Chef, as
such, the user helps him by making sure the food is handled correctly. Eduardo has certain food
to organize, slice, and cook, followed by the plating of the meal. After finishing a day, the user
is rewarded according to their performance. They can spend their rewards with customization for
the Chef’s appearance and kitchen tools.

4.3.3 Game Mechanics

The game goal is to develop a long-term engagement while providing educational content. Each day
new challenges and knowledge are given to the users and they can learn about food waste reduction
gradually over time. For example, the first day of gameplay starts with a type of orientation day,
that serves only as a tutorial for the game. Furthermore, the mechanics introduced in the game
are meant to resemble real-life actions such as planning the menu, storing and managing the food,
cooking, etc. However, along these tasks, the users will be given suggestions on how to avoid
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Fig. 5. Further examples from the low-fidelity prototype gameplay; 1 - Cutting food to save the good
parts of an apple; 2 - Plating the food to show to Chef Eduardo; 3 - Customization Screen; 4 - Summary
of the day’s performance, showing the experience points and coins earned.

food waste (see Figure 4). At the end of each day of work the user performance in the kitchen is
evaluated and rewarded with experience points and coins accordingly. The experience points will
allow the user to acquire new tools for the kitchen and customize the avatar look with accessories,
(see Figure 5 - screen 3), this customization was added as Titiu [49] used character customization
and proved to be appealing to children. For example, the user is responsible for organising the food
in the correct place by deciding to store the food in the fridge or pantry. Then by matching the
color of the food with the color on the shelf, the user is given the opportunity to learn how to store
food properly in the fridge which is essential to maintaining its freshness, preventing spoilage,
and ensuring food safety, (see Figure 4 - screen 1,2). Another example of food waste reduction
mechanisms, is when the user is preparing the food for the meals Chef Eduardo advises on how
different fruits or vegetables might be spoiled or have a bruised or moldy area, that can still be
salvaged by cutting off the affected portion before consuming the rest, (see Figure 5 - screen 1).
At the end of the day the user gets a summary of its performance, detailing how much experience
and coins were earned from each task , (see Figure 5 - screen 4).

As the game progresses the challenges will become bigger as well as the food waste reduction
tips that Chef Eduardo will give. The game reward system takes into consideration several factors:
1) The user’s performance in storing the food; 2) whether the recipes to be cooked were chosen
based on the quantity needed 3) whether the player had into consideration using food near the
expiration date and 4) the food savings from chopping. The mechanic for each point would be: 1)
Organising the food in the correct position; 2) Choosing what to cook (recipe mechanic); 3) Slicing
the moldy/bruised food in opposition to the fresh ones; 4) Using the sliced food for cooking a meal;
the table 1, explains the education goals of these mechanics.
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Table 1. Mechanics implemented in the game and their educational goal

Mechanic Education goal
1) Learning that food require certain temperatures to last longer.
2) Make use of the food that is close to expiry first.
3) Moldy/bruised food can be cleaned.
4) Moldy/bruised food used for a cooked meal.

4.4 Preliminary Concept Evaluation

The low-fidelity prototype was used to evaluate the concept design of the game. This initial eval-
uation was conducted in an informal setting with a group of six children ages between nine and
thirteen years. Our six participants (1 female and 5 males) were recruited through opportunistic
sampling. Children were asked about their interest in participating, and their parents/guardians
were contacted and informed of the study. At this point, the children and their parents were in-
formed of the protocol and purpose of the research. Apart from the questionnaire and interview
answers, no other personal data was collected and no pictures were taken.

The protocol assessment started with a debrief of the experience, filling out questionnaires, and
finally, answering a semi-structured interview.

The interaction with the prototype included: 1) completing the tutorial; 2) playing the game; 3)
using the character customization section of the game (purchasing some pants for the character and
equipping them). Also, observational notes were taken while the participants interacted with the
system. The questionnaire, using a Likert scale with a smiley-meter rating scale [54] asked questions
to be rated from 1 (completely disagree) to 5 (completely agree), and were used to gather usability
information. The participants were also asked if they liked the game mechanics and the use of
gamification elements like coins, experience points, kitchen upgrades, tools, and customization of
the character. Finally, the semi-structured interview with open-ended questions were: What do you
think was the final goal of the game? Would you rather be rewarded with coins, points, or both?
What did you like the most in the game? Which activity within the game did you like most? What
is your opinion about the main character? and finally, If you could change anything in the game,
what would it be?

4.4.1 Results from Preliminary Concept Evaluation

Initial feedback from the observation of the participant’s interaction with the prototype showed
that the initial part of the gameplay itself was clear and easy. Participants, aided by color cues,
successfully organized the food items according to their appropriate positions within the refrigerator
shelves. However, when it came to selecting other storage (e.g. selecting the freezer or pantry) the
process became confusing, leading participants to revisit the tutorial for clarification. In the third
part of the game, selecting the food from the storage to use in the meal preparation, only one
participant did not realize they could select food that was going to be wasted. Most users liked
the different mechanics of the game, except for one user who was indifferent in regard to character
customization. There was one user who did not fully understand some game features, such as the
upgrades and how to obtain experience.

The top three favourite features from the game were: 1 - Recover the food from being wasted;
2 - Select the food for the meal and add the food to cook (with the same amount of votes). Lastly,
participants understood the different reward systems coins (collected at each task) vs experience
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(after storing, preparing a meal, and giving it to the Chef to try). All participants except one
understood everything correctly (see Table 2).

Table 2. Questionnaire results

Additionally, users were asked about their opinion of Chef Eduardo (main character), and the
answers were very similar, saying: "He was cool, funny, and cute". One participant said he was a
useful character for guiding the user in the game. Also, the majority (4) of the participants agreed
that the lion was appropriate, while (2) were hesitant. Finally, most participants (5) would like
to be able to choose from a list of animals the appearance of the main characters. The results of
the semi-structured interview showcased that all the participants appreciated the mechanics and
aesthetics of the main character, which was perceived as being "cute." The majority (5) of the users
enjoyed the current reward system (combination of coins and experience points), one preferred to
have just coins as a reward. Only two users noticed that the game goal was awareness about "food
waste". One user mentioned that it was about the customization of the Chef, and one mentioned
that it was about becoming a "good Chef". Finally, regarding improvements to the game concept,
most participants (5) answered to add more characters (to choose from and to customize).

4.4.2 Learnings and Changes for Next iteration

This game prototype has allowed preliminary testing with the target audience. While the study
was evaluated with a small sample group, it was very valuable to gather feedback on usability, test
game mechanics, and the educational content. Overall, the game seems to be fun for the users and
a good strategy to introduce the topic of food waste to children. The use of a character to guide the
user in activities was well received. The gamification elements like customization, experience points,
and coins were rewarding for the users. In terms of the level and game mechanics, participants felt
compelled to try the different tasks (storage, food cut, plating, etc.). However, we also identified
several aspects of the prototype that need improvements, namely: the tutorial should be clear;
improve the feedback on the food storage placement (by adding visual cues of where the food
should be stored); add a button to facilitate the access character customization; increase the items
customization offer and add more characters. Finally, we need to clearly convey the message of the
game through the game narrative and mechanics, since only two users noticed that the theme of
the game was food waste reduction. The feedback from this preliminary study was incorporated
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into another prototype with Figma, paper prototypes, and some Unreal Engine 5 levels for faster
iterations and easier implementation of the needed improvements.

4.5 Second Prototype - Redesign and Paper Prototype

After analyzing the data collected from the testing performed in the first Figma prototype, a small
redesign was performed to the game mechanics for them to be more engaging and fun. Additionally,
there was a need for the game to use more 3D elements, as Unreal Engine 5 truly excels in these
experiences and would otherwise be a waste of the engine’s potential. The 3D elements would also
be more enticing for the users to interact with, than having a 2D element.

Fig. 6. Collection of scenarios from the paper prototype papers. 1 - Represents the main hub, the
kitchen; 2 - Initial layout of the storing level; 2.1 Represents the feedback for a bad score in the game;
3 - End of storing level with an evaluation score, based on stars (2/5) and feedback text; 4 - Shows the
initial concept for the character’s customization.

Fig. 7. More scenarios from the paper prototype papers. 1 - Represents the slicing level; 2 - On the left
its the first step of taking off the bad parts of the food. On the right the slicing mechanic inside the
game with the guidance of where to cut the food; 3 - On the right represents all the slices cut ready to
be thrown into the pot. On the left represents the sliced pieces inside the pot; 4 - Shows the dish ready
for evaluation.
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Given these changes that were required on this new prototype, a new Figma prototype was
designed with a simple screenshot from an Unreal Engine 5 level. Using a new environment allowed
us to get a better idea of how things would play out in the final game. Additionally, for a more
minutious UI handling and features, a paper prototype was developed, as seen in Figure 6 and
Figure 7, this also provided the opportunity to make changes immediately in certain game features.
This process was very important for making fast decisions and quickly redesigning the prototype to
meet the new needs described. We wanted the experience of storing the food to be more amusing to
the user so, instead of having the user press on the location he wanted to store the food, six different
mechanics to store the food were made. When choosing the mechanic some special attention was
given to make sure the user was not handling the food in an irresponsible way that would go
against our food waste concept. An example of this was when throwing food, which still needed to
be stored even if in an incorrect way. This was important as leaving the food on the floor would
transmit the wrong message to the users. We ultimately ended up mixing two mechanics for the
storing mechanic (see Figure 8).

Fig. 8. Storing mechanic concept. - The food in the center represents the food we are currently trying to
store, we press it at the moment we want to store it. The bar on the right fills up and clears, this is used
to represent which zone of the fridge we are currently going to store. The color represents the different
types of food.

This prototype was merely used to better envision how would things be deployed inside Unreal
Engine 5 and to lose less development time when building the first playable version of the game.
Additionally, since the game was targeted at a younger audience a decision was made to exclude
coins from the game and include only experience. The addition of coins would pose an ethical
problem and the experience was enough to handle customization options.

Another decision that was needed with the change to 3D format was how would the camera
layout be used inside the game. This decision was only made later when the development using
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Unreal Engine 5 started and a better understanding of how the game would need to be built inside
the engine.

This prototype made use of the same narrative and characters to handle its storytelling com-
ponent of the game.

The other elements of the game followed the same narrative and ideas used in the first prototype.
Figure 9 and 10, showcase some more elements of this new redesign.

Fig. 9. Screenshots from the redesign game prototype. (Left - Storing tutorial; Right - End of level).

Fig. 10. Screenshots from the redesign game prototype. (Left - Entering storing level; Right - Selecting
food to store).

4.5.1 Game Narrative

A more robust narrative was built to help us find the reasoning behind each character’s motif
and relevance inside the game. Our story is built around an animal world, but when they reach a
certain age they have a more human look, while keeping their animal status. In the Funimal city,
the game’s fictional city, the monkeys are seen as lesser Chefs. There is only one monkey Chef who
is regarded as a prestige Chef, which is Chef Olivia, who most recently opened a restaurant named
Bananástico, represented in Figure 11, with the intention of teaching Chef’s her ways and better
prepare them to deal with food waste related problems, since it is becoming a serious problem
in their world. In the game, we follow Edu, a little monkey with great aspirations to follow the
example of Chef Olivia and become another prestigious monkey Chef. When Edu was presented
with this opportunity to learn with Chef Olivia, he enrolled and that is the timeline in which our
game takes place, the start of his learning journey alongside Chef Olivia.
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Fig. 11. Representation of the game’s fictional restaurant Bananástico in game’s video introduction.

The monkey was the animal chosen for our narrative, both for the apprentice and the respon-
sible Chef, because of the fact that they are always seen as clumsy and known for throwing food
everywhere. Being used to grabbing all types of food, from good-looking to more moldy food, they
also have more knowledge on what to do with this food that would otherwise be wasted. This made
the monkeys a perfect fit for our narrative, because if a character associated with this stigma can
make good decisions in regards to food waste anyone can make a difference in fighting food waste
problems.

Chef Olivia, the character on the right of Figure 12, has a human look because she has already
reached the age where the animals have a human look. Edu, the character on the left of figure 12,
is smaller and is still a monkey because he is still young, Edu is meant to represent our target
age group users. Chef Olivia is the authoritative figure in the story, her age refers to a certain
experience which is exactly what Edu is looking for as well as some guidance from someone who
is very successful in reaching his dreams.

Fig. 12. Edu on the left and Chef Olivia on the right
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4.5.2 Game Development

For the implementation of the game in Unreal Engine 5, there was the need to set the placement
of the gameplay camera in a position that would be favourable to showcase our main character,
but at the same time would not take away the focus from the learning activity.

A top-down view, with a third-person perspective, approach was used for the kitchen and
customization level, this decision was made to ensure the user would be able to see his character
when moving between levels, customizing it, and interacting with the world. Inside each level where
the main focus is the activity such as storing or cutting food, we play in first person and we can only
see the hands of our character, making changes to the environment which was the main focus. [55]
Naftis et al mention how third-person perspective cameras are used for showcasing the character,
its movement, and interactions with the world, whereas first-person perspective cameras have a
bigger focus on what the player is holding and other hands interactions are in place.

The initial idea for the game was to have a common place to access the different levels, the
kitchen, then have three different levels focused in different aspects of handling the food with good
practices to increase their life cycle before consumption and give a new life to food that is starting
to become not so desired to eat. As such the user would have to first play the storing level, where he
would have the chance to learn where to store each type of food. Secondly, he would play the slicing
level where he was given the chance to select between a fresh food and one that had moldy/rotten
spots in it and then cut out those bad spots. To conclude the experience, the last level would
introduce us to the plating of the food that we had used before for our recipe, and the user had to
make sure to plate everything in time otherwise that food would be wasted. After these levels were
completed the user would present the food to Chef Olivia and get an evaluation with the Chef’s
feedback. Additionally, the user would be able to access the customization level from within the
kitchen at any time between levels to customize Edu.

As said before the use of the Figma prototype, provided us the opportunity to visualize the
overall aesthetics and gameplay of the game while our intention was to transfer this knowledge
into another game development platform, Unreal Engine 5.

The game was developed in Unreal Engine 5 since it is a very powerful tool that is getting
more attention and continuous updates that are making the engine more accessible and powerful
for any type of development. Although most of the engine strengths come from the development
of big games with a multitude of different and complex systems, it can also be useful for small
projects since there are a lot of optimization tools to build a game that is compatible with a lot of
different devices.

Character development and environmental 3D assets were created using Autodesk Maya and
Adobe Photoshop (textures), for the more complex materials. Simpler assets were built inside Unreal
Engine 5 since they did not require much complexity.

We wanted to import our character models into the game and give them life, this was easy
to achieve thanks to templates and animations already present within unreal engine, copying the
same skeletal structure of Unreal Engine’s 5 character’s animation, we were able to make use of
the default unreal engine character and get all the animations working flawlessly. Chef Olivia’s
model was added normally with an idle animation since we did not need to make her move.
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Unreal Engine 5 provided us with features to implement animations and attach assets to a
character with a skeletal structure, and provided character movement and control, which was
already implemented. Once we made the skeletal structure match we could transfer the character
with Unreal Engine’s 5 retarget, our character could use all the animations from the unreal’s
mannequin. Additionally, we could add customization options to our character’s body with Unreal
Engine’s 5 leader pose, which allows us to attach clothes to our character, thus concluding the
integration of customization options for our game. All these engine features helped us accelerate
the development process.

Most of the UI assets were developed using Adobe Illustrator. The final version of the UI
elements and their evolution are illustrated in Figure 13.

The first steps were having a UI with the essential details and designing the different levels for
the game, adding very rough meshes that represented tables, a pantry, a fridge, a freezer, etc.

Fig. 13. Evolution of the joining storing level message. 1 - First ever implementation of the join storing
level message, still using the Unreal’s default mannequin; 2 - Later implementation of the message; 3-
Current implementation of the message and UI;

4.5.3 Pilot Test Build

Since there was an ongoing learning process alongside the development of the game, there was
the need to prioritize certain game elements to be iterated for the final version of the game. The
intention was to use a pilot test to validate the game concept. Given these constraints, our priorities
for the design of this version of the game were to have elements of customization and focus on
the storing level. These topics were critical to teaching and introducing children to good storing
principles and educating them about good principles of food waste. The complexity of these levels
are a big representation of the final game, so they were very important to be used for validation
of the concept.

Storing Level: In this level, the user has to select the food they pretend to store and then
proceed to select the storage location. After selecting the food item an arrow moves up and down
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within the location (fridge, pantry or freezer) that is currently selected. At this point, the user
would have to click on the food in the center of the screen to perform the storing in the shelf that
was currently pointed by the arrow. If the food is stored properly forty experience is added to the
user and a good feedback message shows up. If however, the food item is not stored properly the
user only gets ten experience, and a feedback message is displayed on the screen alerting the user
towards the correct choice (Figure 14).

Fig. 14. Storing mechanic used in the pilot test build.

Customization Level allowed users to customize their characters with hats, jackets, and
glasses with different colors or remove them from the character. However, in this version, the
system did not save the character customization between levels. The character from this version
was already equipped with glasses, a pink hat, and a pink jacket, allowing the player to play
around with character customization. To unlock new customization options the user needed to get
experience and level up. As mentioned before, we could not save the experience between levels thus
the pink, blue, and white hats and jackets were already unlocked, leaving the other customization
options locked. The UI provided the level required, displayed on top of the customization item as
a reminder for the users to level up in order to unlock them.

Regarding the state of the other two levels, the slicing level was mostly complete and the
plating level was still in the phase of concept, but a decision was made to leave it out of this
version, as time restrictions will not allow us to evaluate these levels on time for this thesis.

This version of the game was tested in a school setting, which we elaborate on in more detail
in the Game Evaluation Chapter.

4.6 Third Prototype - Final Game

After evaluating all the feedback from the users and looking at certain aspects that needed changing
in the game, a reevaluation of priorities was done in order to get back on track for the final version
of the game. Most of the aspects were already on our list of priorities for things to be added
or changed, such as: adding a saving mechanism between levels and adding more levels, like the
slicing level, which was almost finished. Other aspects of the game had to do with it being a more
developed experience, this was something that would eventually happen since the game would have
more features implemented.
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The various UI elements for the game were redesigned to provide a cleaner look, making the
game more appealing and intuitive. Also, we increased the number of animations in the game, with
the food jumping in the storing level both in the basket and in the user’s hands.

Additionally, a leveling system was implemented inside the game with certain levels as presented
in Table 3.

Table 3. Table with the title attributed to each level inside the game.

Level Title
1 Principiante
2 Aprendiz
3 Amador
4 Mini Chef
5 Chef de tachos
6 Chef de menu
7 Chef de mesa
8 Chef de sala
9 Chef de cozinha
10 Master chef

Fig. 15. Montage with various iterations of the main level design. 1 - First introduction of dialogue in-
side the game, levels positions and meshes laid out; 2 - Second iteration with more finalised visual; 3 -
Current implementation of the level layout and decoration;

4.6.1 Level Design

Main Level - Kitchen

The kitchen level was the place where the user would be able to see his character customization,
as such it was designed in a top-down view. This level is where other levels can be accessed, so
carpets with the levels names were added, many furniture was added in the last stages of the game
to give some life to the restaurant’s kitchen. The evolution of this level is depicted in Figure 15.
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Storing Level

Varying components were added to the storing level. Food has an expiry date that goes from
four to zero days (see Figure 16), each day the food’s expiry date decreases by one, food that is
stored correctly has four days of expiry date, whereas food that is stored incorrectly has two days.
Only certain foods are used for the recipes and saved. When the food reaches zero it is simply
removed from the original storing location, there is no feedback given back to the player. The
shelves show their name upon selecting the area in which we want to store the food, an example of
the pantry is represented in left image in Figure 16. The game uses the same game loop, as seen
in Figure 3, to follow the game’s steps, each day the user joins the storing level counts as a new
day. The evolution and different iterations of the storing level can be seen in Figure 17.

Fig. 16. Figure with the various details present in the game. - On the left the details from the storing
level: Food expiry date representation, names on the shelves and in the arrow; On the right details from
the slicing level: Timer to slice the food.

Fig. 17. Montage with various iterations of the storing level. 1 - First implementation of the storing
level with non dynamic food spawned; 2 - Iteration with food retrieving the parameters; 3 - Implementa-
tion of the score system; 4 - Implementation of dynamic food spawning, final meshes and good/bad zone
highlights; 5 - Implementation of the food expiry date; 6 - Most recent state of the level;
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Slicing level

After having the customization and character movement, we started looking at implementing
the storing and slicing mechanic. It was suggested to use procedural mesh to perform the slicing
mechanic inside the slicing level, as such this was implemented inside the game following a tutorial,
but since Unreal Engine 5 was still something new and many things were unknown we could not
make it work properly. So the focus was solely in implementing the storing level as the first level
of the game. This process started with modeling how our dynamic systems would be implemented,
as shown in the High-Level Game Logic Diagrams chapter, and implementing the base of the
mechanic inside the game with the selection of the food, storing zone, and the storing mechanic.
When the components from this level were complete and all working in a dynamic manner, it
was very easy to copy this template to build new levels. The template consisted of the following
important elements: a level manager to handle all these dynamic events, a pawn, and components
saving the user’s decision inside the level, varying data tables and data assets, serving as databases
for our game on how were things structured.

During the implementation of the storing level a lot was learned, with these lessons came the
understanding of certain elements such as game mode and player controller, this was the reason why
the implementation of the slicing mechanic was not working properly. Having the slicing mechanic
working as intended and having finished the storing level finished, made the process of creating the
whole slicing level in a dynamic manner simple and did not consume as much time as the first time
implementing these types of structures. The slicing meshes produced with the procedural mesh did
not offer a way to move them separately, as such we were constrained to use only food from the
pack that had slices present in them, making the selection of food to be used a bit more limited.

Fig. 18. Montage with various iterations of the slicing level. 1 - First ever implementation of the slicing
mechanic; 2 - Implementation of slicing our desired food mesh, with the choice between good and bad
food; 3 - Implementation of a timer for slicing; 4 - Current state of the slicing mechanic;

The slicing level and parts of the cooking level were grouped, so the player starts with choosing
the cooking tool for the recipe, after that, he gets to select between a good-looking and a bad-
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looking food, and then a ten second timer starts where they can cut it however way they desire,
timer in the right image from Figure 16. Following the cutting process users get three sliced pieces
that are good and three that are bad, each good part they select gives them an extra ten experience,
however, if they have one or more bad parts the bonus score is halved. These parts are removed
from the table and placed in the cooking tool we selected. To finish the selection of the parts for
the recipe a check button is present in the game’s wall, the selection of food, cutting, and selection
of parts steps are repeated until all the food of the recipe has been done. The evolution of the
slicing level can be seen in Figure 18.

Starting with finishing the slicing level, added a more coherent integration between levels, and
we added the option to have a recipe selection between the end of a storing day and the start of the
slicing level. The plating level was opted out as it was the level that offered the least of teachings in
regards to food waste and was almost just merely a continuation of what were the steps to a Chef’s
abilities inside a restaurant. Lastly, we offer a final evaluation of all the tasks completed in the
game and the game starts over. This build also included the saving of experience after completing
the levels, customization options would be saved after leaving the level. The UI was refined to
match the game’s theme and visual aspect, new recipes, and food meshes were also added to the
game, and a refinement to the mechanics already present in the game were also added, such as the
addition of swiping to store the food, the color of the shelf selected changed and the correct ones
would have a green outline instead of the red, the bad food has spots with a darker color of the
main color and the same applies to the good and bad slices included in the game.

Figure 19 showcases the levels of the storing level on the left and the slicing level on the right
in the current version of the game.

Fig. 19. Current version of the storing level (on the left). Current version of the slicing level (on the
right).

Customization

The customization options were very limited initially having only 3 colors of hats and jackets,
as well as the glasses, but none of these had level requirements inside the game. Making use of the
experience handling the structures from the other levels, a customization manager was implemented
alongside a table with every single aspect that was needed for each customization piece. This also
made it possible to include a dynamic level-up widget, that would change based on what was
unlocked by reaching that certain level, this can be seen in Figure 20.

After the pilot test, our focus was on implementing and fixing the problems that were more re-
occurring with users. Thus came the implementation of saving experience, level, and customization
options between levels with the use of Unreal Engine’s 5 game instance, Figure 21. This change
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Fig. 20. Showcasing the level up message displayed with the items unlocked in that respective level.

Fig. 21. Showcasing the user having leveled up in the storing level and accessed the customization level
with the experience acquired.

also allowed us to have different days for storing and slicing levels and further develop the game
loop. Up until this point, the food meshes used came from a demo pack, it was during this phase
that the new and final food meshes were added to the game. The various iterative steps performed
during the development cycle can be seen in Figure 22.

4.6.2 Tweaks and Changes

Some tweaks were added to give more life to the levels, along the development process. Switch
actors were added to change certain meshes if the storing or slicing levels were completed, Figure
23. Eventually, some rough idea of the cooking level was idealized, but these were later scrapped
and the selection of a cooking tool (plate, cooking pan, or pot), as well as adding water to the
cooking, was integrated into the start of the slicing level.

Another feature that only came at this later stage of the development was the implementation
of an expiry date for the food on the storing level. This feature came with a lot of issues with the
visual representation of the current expiry date. The choice of the recipe option was decided to
be a more memorable and physical interaction with the Chef, as such the user would only be able
to join the slicing level after having a recipe selected, seen in Figure 24. Only certain foods were
suitable for the recipe, due to the recipe constraints explained in the design chapter, as such a
boolean was used to tag which foods were valid for the recipe. To complement this saving of food
stored in its expiry date, the spawning of food from the previous day was also added to the game,
decreasing the expiry date by one for all the food stored from the previous day. A book was added
to the choice of the recipe, alongside the meshes of the main food we were choosing to use for the
recipe and a UI explaining the details of the recipe. The user could interact with either the UI
element or the mesh in the table.
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Fig. 22. Montage with various iterations of the customization mechanic. 1 - First implementation of the
customization options; 2 - Improvements, added level requirement, and visual representation in the op-
tions; 3 - More options and better representation for level required and locked options; 4 - Current state
of the customization, with more options added;

Fig. 23. Image showcasing the switch actors from the kitchen level, the storing level was completed, thus
having the shelves full, and the slicing level was not completed yet.

This phase was also used to give it a more cohesive and finalized look to our UI, as such every
widget suffered some type of change. The font of the game’s text was changed, positions, sizes of
the experience bar, dialogues, change levels, and pause menus were changed, the end of the day
was changed, and the main menu splash screen alongside the apk’s icon and loading image, Figure
25.

Other tweaks implemented were in regard to a more intuitive and clearer display of certain
information to the user. The storing level mechanic changed from clicking on the food to swiping
anywhere on the screen and animations were added to both food in the player’s hands and waiting
to be stored in the basket. The customization level was integrated in the main kitchen level,
alongside its shelves, customization options, and customization manager.

The final evaluation was implemented, and the main loop of the game was finalized with this
step, with a reset to the tasks and a start to a new day inside the game. An easter egg was added to
the kitchen, and the kitchen was filled with various components to give it more life, such as a little
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Fig. 24. Montage with various iterations of the recipe book and recipe selection. 1 - First implementa-
tion of the recipe selection mechanic; 2 - Second implementation with the desired visuals; 3 - Addition of
the book mesh; 4 - Current state of the mechanic with the updated text and sizes;

Fig. 25. Montage with various iterations of the slicing level. 1 - First ever image used for the main
menu, used in the pilot test build; 2 - Current main menu image;

garden with floors, a table with food, and tables with plates and chairs to showcase that the level
took place in a restaurant. Additionally, some floors, walls, and carpets were added or changed,
the carpets were used to inform the user which area they were entering inside the kitchen. Lastly,
a video introducing the player to our world and story was added to the game and trophies were
added as an additional last-minute reward for finishing a day or completing each component of the
game with five stars.

The kitchen is used as a transaction location between the storing and slicing levels, the user
needs to go with the Chef on the left side of the kitchen to decide which recipe from her book,
which was placed in the table in front of the Chef, is the correct option to not leave any food
wasted. The selection of the recipe would display on the screen two recipes, one on the left and one
on the right, with the recipe name, food of the recipe, and number of days, the user could press
on the UI or in the food that was present on the table to make the decision.

After this step, the user would be prompted to enter the slicing level to prepare the recipe
chosen. Upon finishing the slicing level the user would find himself back in the kitchen, having to
go with the Chef again on the left side of the kitchen, this time to get the final evaluation of the
day’s performance. The final evaluation would have a score based on the other three actions, from
storing level, recipe choice, and slicing level, the message would show each action score alongside
a short feedback text.
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4.6.3 Game Elements Summary

The game includes 29 food meshes, and also includes some of this food as slices, thus having an
extra 12 slices has different-looking food meshes inside the game, making the total of different food
meshes inside the game 41.

The game includes 20 customization options, 10 are jackets, 9 are hats and one is a pair of
glasses, these options are illustrated in Figure 26 of how they look inside the game. The customiza-
tion options have a level requirement to be unlocked, Figure 27 showcases three level six clothes
unlocked, hence they are properly visible and the level is fully opaque, and four clothes locked
which require levels nine and ten to be unlocked, so they are barely visible and the level required
is not fully opaque.

Fig. 26. All the customization options available in the game.

Fig. 27. Customization representation of locked and unlocked options with the level required on top.
The clothes on the left are unlocked, the clothes on the right are locked.

The game includes nine different recipes, shown in Figure 4, seven out of the nine recipes were
from Pingo Doce’s book [25], and the tomato sauce was a simple recipe so it was included, and
the banana cake recipe was chosen since it is a local recipe. These recipes were chosen with the
food that was present in the game, the recipes include only the most important ingredients for the
recipe.

The food inside the game was chosen to match the lower polygons and simple geometry present
inside the game, as such a food pack was used. This decision saved us time and resources in
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Table 4. Table with all the recipes and ingredients present in the game.

choosing which food would be present inside the game and with the overall design decisions that
would be necessary for building these from scratch. However the pack offered only a select set
of food models, thus some of the decisions with what recipes were going to be used in the game
and what ingredients were present. Additionally, for the slice level, there was the need to use slice
meshes, this is explained in a more detailed manner in the Models chapter, inside the slicing level,
and the pack included only a small sample of these, as such these were also taken into consideration
when choosing which food were part of recipes.

For the slicing level, there was the need to have food with bad spots, these bad spots were
created inside Unreal Engine 5 with the use of its modeling tools. Inside the engine we were able
to select certain polygons and add an extra texture that had the look of a moldy spot in the food,
these are shown in Figure 28.

Fig. 28. All the food used inside slicing level with bad spots in them.

The game includes ten different levels, in order to get a bigger sense of progression and owning
their skills inside the game, titles were attributed to each level. The game level titles are the ones
present in Table 3.

In summary, the game includes three different activity levels, two being first person, the storing
and slicing level, and one, the kitchen, being third person with a top-down perspective. The storing
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level included food to be stored in three different locations (pantry, fridge, and freezer), with
different shelves, stored food would have an expiry date, represented with a circle and certain food
would be left in the same location if it was a recipe option. The slicing level included a section
for choosing the tool to cook, then the recipe would ask to choose between two of the same food,
slice it, and choose which slices would go in the cooking tool, this process would repeat until all
the food of the recipe was sliced. Upon completing the storing and slicing level, the player would
go back to the kitchen level, and select the recipe or get the plate evaluation, respectively. The
kitchen level also allows the player to customize the character, see the trophies earned, and change
to the storing and slicing level. The player’s actions give them experience to level up, subsequently
unlocking new customization options. At the end of the storing, slicing level, and upon completing
the day, players have a score from 1 to 5 based on their performance inside the level. The player
moves the character inside the kitchen level by placing their finger in the place they want them to
move.
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5 Game Development

This section showcases how the system was implemented and what decisions were taken to reach its
current state. The following sections are filled with requirements that explain our design decisions,
models that represent how certain systems function, using flowcharts, and how these systems
interact with each other. An introduction to how Unreal Engine’s 5 blueprints function is also
present in this section, alongside an explanation of the most important blueprints in the game. To
finish an additional section lists the final game’s target platform and its system requirements are
listed.

5.1 Functional and Non-Functional Requirements

A list of requirements was created to guide us with the development of the game, but also to ensure
everything that was added to the game would add something meaningful to the goal of the game.
The requirements list ordered from highest priorities to lowest priorities was the following:

Functional Requirements:

Educational Gameplay:
FR01 - Include interactive and educational elements to inform players about the impact of food
waste;
FR02 - Provide tips and suggestions that translate into reducing food waste in real life;

Game Levels and Progression:
FR03 - Allow players to unlock new levels as they progress and achieve specific goals related to
food waste reduction;
FR04 - Design multiple levels that escalate in complexity;

Challenges and Missions:
FR05 - Introduce challenges and missions within the game that encourage players to apply real-
world solutions to reduce food waste;

Kitchen Management:
FR06 - Implement a virtual kitchen environment where players can manage their virtual food in-
ventory;
FR07 - Include features such as, meal planning, and proper storage to teach responsible food man-
agement;

Feedback Mechanism:
FR08 - Provide feedback on player performance, offering suggestions for improvement;
FR09 - Include in-game notifications or tips to guide players toward better food waste reduction
practices;
FR10 - Provide a tutorial or introduction explaining each level;

Narrative:
FR11 - Offer a narrative with a playable character;
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FR12 - Allow players to customize their character;

Non-Functional Requirements:
Performance:
NFR01 - Ensure the game runs smoothly on various devices and platforms;
NFR02 - Optimize loading times and minimize lag for a seamless gaming experience;

User Interface:
NFR03 - User interface should be clean and compatible with mobile screen;
NFR04 - Use a color scheme that is visually appealing to a younger audience;

User Experience:
NFR05 - Represent day to day activities performed in the household context;

Development and Distribution:
NFR06 - Ensure the game is easily distributed in school visits;
NFR07 - The game must be developed in Unreal Engine’s most recent version;
NFR08 - Support as many mobile platforms as possible, including tablets and smartphones;

Design:
NFR09 - Use a stylized lower polygons look with easy to recognize meshes.

5.2 High-Level Game Logic Diagrams

To have a better level of understanding of how each level would change with the user input and
the world. Given this necessity flowcharts were built, and changed when needed, to represent how
each level would evolve with the user’s input. The core game loop is represented in Figure 29, it
represents how the game evolves with the user’s interactions.

Fig. 29. Gameplay loop of the various components in the game.
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5.2.1 Kitchen Level Diagram

The first flowchart, represented in Figure 30, is the kitchen level one. This level is the intermediary
level between each of the day’s activities, it is responsible for introducing the user to how the game
functions within a top-down third person perspective. The level also includes the customization
options in a small room, a final evaluation room with Chef Olivia, and a table that will have a
book in it, if we have finished the storing level and need to select the recipe, or a plate, if we have
finished the slicing level and will receive the final day evaluation to finish the day. Additionally,
the level includes two classes responsible for changing the game level to storing and slicing levels,
respectively.

Fig. 30. Kitchen level flowchart. - Representing how the kitchen level functions.

5.2.2 Storing Level Diagram

The storing level flowchart is represented in Figure 31, it demonstrates how the storing level changes
and is currently looking if all the food has already been stored. The user must first select the food
from the basket, then proceed to select the storing zone (pantry, fridge, or freezer) and lastly, the
user must wait until the arrow reaches their desired storing zone, when that happens he must swipe
anywhere on the screen. Each time the user stores correctly they are rewarded 30 experience, for
a wrong store they are given 10 experience and a feedback message from the Chef. Once the user
has stored all the food from the level he will get a score with starts from zero to five depending on
his performance, along with couple of feedback messages with mistakes performed in the level, if
the user scores five stars he will only get an excellent work message and a bonus 60 experience.

5.2.3 Slicing Level Diagram

Lastly, the slicing level flowchart is represented in Figure 32, in this level the user has to follow the
instructions present in the recipe button shown under the dialogue button. The first step starts
with selecting the cooking tool, which can be a plate, cooking pan or, pot, the right selection would
award the user with 30 experience, whereas the wrong selection with 10 experience. If the selected
tool is the pan or the pot, the user has to fill it with water, in the case of the plate this step is not
included. After these steps the user starts the slicing food loop, he is presented with the same food
but one has a bad look with black spots and the other one is just a normal version of the same
food, making a good decision rewards him with 30 experience, that is choosing the food that has
a bad look, the other choice gives him 10 experience and a bad feedback message. Following this
step, a timer starts giving the user ten seconds to slice the food in any way he wants, this happens
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Fig. 31. Storing level flowchart. - Representing how the storing level functions and changes with user’s
interactions.

no matter what type of food was chosen and is simply for fun. When the ten seconds end six
slices of that food are spawned in the table, three of which are good and the other three are bad,
additionally a confirm button is added to the wall, and pressing any of the slices drops it into the
cooking tool, when the user is finished he needs to press on the confirm button and the slice loop
repeats until all the food is sliced. Each good slice the user selects gives him an extra 10 experience
per slice, if however he has selected one or more bad slices his bonus from any good slices is halved.
When all the food has been sliced the user is given a score from zero to five and feedback messages.
The feedback message always includes a message about the slices that are present in the tool, the
bad slices are counted and mentioned in the message, if there are no bad slices the message simply
says there are no bad slices. The feedback message can also have the wrong tool selected, or bad
food selected in the feedback messages. Just like in the storing level, if the user scores five stars he
will get an excellent work message and a bonus 60 experience.

5.2.4 Models

When organizing the various components used to build the various game modes, levels, and inter-
actions, models were used to describe how things are connected and what elements are present in
the classes and other components built for the game.
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Fig. 32. Slicing Level Flowchart.- Representing how the slicing level functions and changes with user’s
interactions.

The game modes present in the game are shown in Figure 33, these game modes are important
to set the different values of the different game pawns or characters, player controllers, and other
components that need to be changed for a different set of interactions from the user.

Fig. 33. Game modes used in the game.

In the kitchen level, called TopDownGameMode in the game modes figure, there are two
managers, the first manager MainHUBManager is responsible for handling the switch actors inside
the level, changing the dialogue of presented and spawn the class RecipeBook or EvaluationP late,
depending on the state of the world. Switch actors are actors inside the game that can have
an array of multiple states, this is useful for having a mesh that can be swapped for another
mesh. In our game this is used for the pantry, fridge, and freezer and a small basket in the
level, at the start of the game the basket is filled with food and the other locations are empty,
when the storing level is completed the basket is empty and the shelves are filled with food. The
same is used for the cutting table entrance, it starts with various foods to be sliced and upon
completing the level the food appears sliced. As presented in the kitchen flowchart in figure 30, the
RecipeBook spawns upon completing the storing level and the EvaluationP late after completing
the slicing level. Additionally, this level includes the character’s customization, which is handled
by the other manager CustomizationManager responsible for handling the customization options
which are locked or unlocked. The GameInstance is present in the game for every level, the
GameInstance is responsible for saving certain values between levels, and the only variables saved
for the customization are the variables MFace, MHat, and MJacket. The diagram presented in
Figure 34 represents how each class interacts with each other inside the level.
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Fig. 34. Kitchen level diagram. - Demonstrates how the level makes use of the classes.

In the storing level, there is a manager, StoringManager, which is responsible for checking the
current status of the world and updating some parameters. Since this was the first level, a lot of the
core loop of the interactions was built inside the game’s storing pawn, as the manager only came
out at a later phase of the development of the level. The classes SelectFood and StoredFood make
use of the data from the FoodDataAsset, the pawn has many variables because it is responsible
for a lot of actions that the manager would handle.

As such the manager is not responsible for every component of the level loop, represented in
Figure 35, like the other levels. For implementing the food inside the game to be stored and stored
on the shelves, a data asset was built, FoodDataAsset. A data asset inside unreal designates
a structure for which we can create multiple children that always use the same variables. The
StoringComponent is responsible for saving the user’s progress such as score and error text for
the errors committed. The structures StoringDay and StoringStruct are used by the manager,
respectively, for handling the food to be spawned for that day, and for evaluating if the shelf
that the food was stored is correct or not. The SelectArea class is used for the user to select the
designated area that they want to store, the StoringZone class represents each shelf and lastly the
StoringArrow is spawned whenever we select the area we want to store, it moves up and down,
the StoringZone it is overlapping is the one that is currently selected.

The slicing level was initially used only for slicing, having only the SlicingManager, but
since there was the need to blend the cooking level with the slicing level, there was the need to
include some functions that were already implemented in the cooking level. Given these needs
the cooking manager, CookingManager, was added to the level, having the responsibility for the
cooking components of the level, whereas the slicing manager handles the slicing loop of the game,
which is the majority of the level. The recipe is present in the GameInstance and comes from
the RecipeDataAsset. This time the manager is responsible for dealing with the core game loop,
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Fig. 35. Storing level diagram - Demonstrates how the level makes use of it’s classes.

present in Figure 32, for this level, contrary to every other level, the controller assumes an important
role, it is within the controller that the slicing mechanic was built. The class NewProcComp is our
procedural mesh, which we can slice, the classes SlicedFood and SelectSlicedFood are responsible
for, respectively, selecting the food to be sliced, getting the information from SliceFoodDataAsset

structure, thus spawning an actor from NewProcComp, upon finishing the timer spawn slices
from the class SelectSlicedFood, which takes the necessary information from SlicedFoodToSpawn

structure.

The cooking manager is responsible for starting the level with the SelectCookTool class, the slic-
ing manager can only start handling the level after the variable in our level pawn, SliceGamePawn,
CurrentStep reaches the value of two. The slicing manager uses the variable from the game in-
stance, to find the recipe in the SlicingDay structure list, spawning the SlicedFood. When pre-
sented with the selection of the slices of the food to be placed inside the cooking tool, the user needs
to press the confirm button shown on the wall, which is an actor from the class SelectAreaSlicing.
Similarly to the storing level, the SlicingComponent is responsible for the scores and errors texts,
but this one includes if there is any bad food inside the cooking tool, if so how many, if the cooking
tool selected was the correct one and lastly if there was at least one bad choice of food to be sliced.
The diagram representing how these classes interact with each other is present in Figure 36

Additionally, inside Unreal Engine 5, the UI components are built with an actor class named
widgets, and all the widgets and their respective variables are presented in Figure 37. CommonUI

is the most important widget as it is the one that is present in every level from dialogue to buttons.

Some widgets have a long list of variables, such as the CommonUI, LevelCompleted, LevelUp,
DayCompleted and AddScore because they are built with a lot of visual elements, the variables
that do not have a public or private tag are visual elements in the UI.

Other classes were used, but the ones presented in this section are the most important ones for
our level’s core functions.

5.3 Unreal Game Engine

Unreal Engine 5 is an engine developed by Epic Games, the first iteration of this engine was private
and came out in 1998. The engine is always being updated, but each major release changes the
main version number, thus beginning a new era. In Unreal Engine 4 the engine started to be open
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Fig. 36. Slicing level diagram - Demonstrates how the level makes use of it’s classes.

to anyone to use, at the start of this project the first version of Unreal Engine 5 was released. At
the start of the development of the game, the most recent stable version of the engine was version
5.1.1, this was the version that we opted to use since only towards the end of the development of
the game engine version 5.2 released, but version 5.1 was updated with small fixes. This version
was chosen because it was the most recent, offered many new technologies that were intriguing for
the game development area, and supported some of our mobile platforms.

As previously stated the game was developed with Unreal Engine 5, the engine allows us to
follow a visual script paradigm or a programming-centric paradigm, but it is within a balance
between these two paradigms that this engine truly excels. Given the scope of this project and
the steep learning curve to learn Unreal Engine with both, a focus was given to visual scripting,
known as blueprints, since these are more manageable within the time of the project and when
understood properly make the transaction to C ++ much easier.

5.4 Implementation using Blueprints

5.4.1 Introduction to Blueprints

Blueprints are a visual representation of the engine’s functions and classes, it uses the same object-
oriented principles approach as some programming languages. This system is visual and requires
the user to connect nodes to create their gameplay [56]. Blueprints make use of the same C +

+ classes implemented in the engine, however, these do not run natively, but instead, run in a
visual environment decreasing the game’s performance, but for a small-scale game the development
time decreases the trade-off is justified. An example of the class SelectSliceFood is shown in
Figure 38, the white lines represent the execution line that the class will take for each type of
input. In this case EventBeginP lay will execute when the class is part of the game’s world,
and OnInputTouchBegin(StaticMesh) will execute when the user starts touching in the mesh
associated with this class, which would be a food.
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Fig. 37. Widgets - All the widgets used inside the game.

5.4.2 Main Blueprints

In the development of the game, more than 60 blueprints were created, with some of them be-
ing actors, structures, data assets, widgets, components, controllers, characters/pawns, and game
modes. Some blueprints were already in the engine so the exact number of blueprints used can not
be determined.

In this section we are only explaining how the most important blueprints for our game work,
some blueprints were merely to enrich the experience visually, thus not being necessary to be
explained in this section.

In the kitchen the logic followed is presented in Figure 39, the level starts with the manager
gathering the data from the food that is present in the game’s instance, sorting in ascending order
of the expiry data value, if they exist. If there are two or more food data in the game instance, the
recipe book will be spawned with a spawn recipe book function and both recipe options to choose
from will be saved in the manager, with added recipe options. The functions check switch actors
and show unlocked trophies are used to change the visibility or appearance of aesthetic elements
in the level. A delay is used to set the dialogue, this is done because there were some scenarios in
which the manager would be loaded in the game before the UI elements like the dialogue. The set-
up dialogue function handles the introduction dialogue, the check storing day completed changes
the dialogue depending if the user has finished the storing day. Additionally, the same function is
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Fig. 38. Blueprint example - Blueprint of the class SelectSliceFood.

Fig. 39. Section from the blueprint MainHubManager - This section is the event graph, where the event
begin play is present, this is the first thing the class does when it is created in the level. It showcases the
logic that is used at the start of the kitchen level.

responsible for changing the dialogue, deleting the recipe book, and spawning the evaluation plate
for the end of the day, if the slicing level has been completed.

The customization manager coexists with the MainHub manager, the logic it follows is demon-
strated in Figure 40 and a small routine that is active all the time is in Figure 41. From the moment
the manager is active in the level it gathers the level of the player, which does not change while
he remains in it, saves it then proceeds to check every single customization option and unlocks it
or leaves it locked depending on the player’s level. The function check x position is used to keep
the manager checking every 0,01 seconds if the player has surpassed a certain x-axis threshold,
demonstrated in Figure 42, to increase the field of view of the player and decrease the z-axis of
the walls. When the player is back to the red line of Figure 42, the field of view is back to normal
alongside the z-axis of the walls. Moving the walls is done to avoid occluding part of the floor in
the customization section and the increase in the field of view is for players to have a better look at
their customization choices. These actions need to be only performed once each time the player is
above the value or below the value, but it must happen every time they do this, so a do once node
is used for both the types of values with a reset happening to the opposite value that is currently
active.

In the storing level, only the storing manager is used, it was the first manager created. The
addition of this manager to the storing level only came out when the logic of the level was already
defined, as such the Figure 43 is small and the logic is present in the storing spawn with Figures
44, 45, 46, 47.
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Fig. 40. Section from the blueprint CustomizationManager - This section is the event graph, where the
event begin play is present, this is the first thing the class does when it is created in the level. It show-
cases the logic that is used at the start of the kitchen level, alongside the MainHubManager.

Fig. 41. Check event from CustomizationManager - Is responsible to be constantly checking if the player
is above the position 1323 in the x axis.

In Figure 44 the swipe mechanic is represented, it tracks the value of the location of our finger
and then calculates the length if it is above the value we set, it counts as a swipe and performs all
the steps required for the storage of the food if the player meets the requirements to store it.

The Figure 45, showcases a portion of the storing mechanic. It starts with verifying if the player
is in any of the areas, by checking if there is any storing arrow in the level, if there is none, the
game simply adds the suggestion of how to store the food. Otherwise, the game will check if there
are slots available to store on that shelf. The food from the basket changes position to the same
position as the player has in their hands, the hand moves, and the food is removed from the player.

In Figure 46 the steps are continued, with the game throwing the food, disables the physics
of the thrown food for it to not be rolling randomly in the game, spawns a new class of type
StoredFood. Checks if the food stored was a good or bad score, sets the expiry date of the food,
and clears the outlines of the last shelf selected.

Then in Figure 47 the game removes the storing arrow and clears the variable of the food we
stored, sets the score type for the manager, gets the player back to the starting position, and checks
if the level is finished.

The clicked once variable is used, to only allow the player to store that food once, otherwise
the player could store the same food, while the process was not complete.

This manager is responsible for handling all the dynamic elements of the game, from gathering
the day that is currently active, spawning the food of the level dynamically, assisting in saving the
locations of the food with their expiry date, collecting all the scores from the food stored and lastly
checking if all the food has been stored to conclude the level, which is showcased in Figure 48.

For the slicing level, we start with selecting the cooking tool, so we make use of the cooking
manager first, only later we stop using the cooking manager to only use the slicing manager, but
both coexist at the same time in the level. The cooking manager logic is simple, as can be seen in
Figure 49, since there are not many tasks for the cooking component.
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Fig. 42. Kitchen level top down look - The red line is the position described in the previous figure, if the
player is above that position the manager will change field of view and position on the z axis of the wall
between the customization and kitchen area.

Fig. 43. Section from the blueprint StoringManager - It showcases the logic that is used at the start of
the storing level.

The actor select cook tool is responsible for the transaction between the cooking manager and
the slicing manager starting to handle the slicing level. This is done following the player selecting
the cooking tool, the slicing pawn has a variable called currentstep which is also used in the slicing
manager in the function represented in Figure 51. Upon currentstep reaches the value one the level
starts using the slicing manager for all the logic.

A timer is used for players to slice their food, the logic behind this timer and what happens
before, during, and after the timer is present in Figure 52. This process is repeated thus there are
three execution pins coming from the sequence which has the note of reset sequence.

The slicing manager includes the same dynamic elements as the storing manager, including the
score of the selection of the cooking section of the level, to avoid duplicating certain components
unnecessarily. The slicing manager checks if the level is finished after the player confirms the slices
to be placed in the cooking tool selected. This verification process can be seen in Figure 53.

The final evaluation was implemented, and the main loop of the game was finalized with this
step, with a reset to the tasks and a start to a new day inside the game. An easter egg was added to
the kitchen, and the kitchen was filled with various components to give it more life, such as a little
garden with floors, a table with food, and tables with plates and chairs to showcase that the level
took place in a restaurant. Additionally, some floors, walls, and carpets were added or changed,
the carpets were used to inform the user which area they were entering inside the kitchen. Lastly,
a video introducing the player to our world and story was added to the game and trophies were
added as an additional last-minute reward for finishing a day or completing each component of the
game with five stars.
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Fig. 44. Implementation of the swipe mechanic for the storing level, present in the storing pawn.

Fig. 45. 1 - Implementation of the storing mechanic for the storing level, present in the storing pawn.

6 Target platform and System Requirements

The game target platform is android, since it was simple to setup and would offer a wider range
of devices available for testing. In regards to the android system requirements5 to play the game
these are the following:

1. Operating system: Android 8 or higher.

2. A 64-bit Arm-based CPU.

3. Compatible GPUs:

(a) Mali T8xx, G71, G72, G76, G77, G78 and G710 series.

(b) Adreno 5xx, 6xx or 7xx series.

(c) PowerVR GM9xxx series.

(d) Xclipse 920.

4. Compatible Graphics APIs:

(a) OpenGL ES 3.2 .

(b) Vulkan supported on Android 10 or later devices with compatible drivers.

5https://docs.unrealengine.com/5.1/en-US/android-support-for-unreal-engine/
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Fig. 46. 2 - Continuation of the implementation of the storing mechanic for the storing level, present in
the storing pawn.

Fig. 47. 3 - Continuation of the implementation of the storing mechanic for the storing level, present in
the storing pawn.

Fig. 48. Function responsible for checking if the player has met the conditions to conclude the storing
level.

Fig. 49. Section from the blueprint CookingManager - It showcases the logic that is used at the start of
the slicing level.

Fig. 50. Logic present in the blueprint SelectCookTool, which handles the separation between the cook-
ing and slicing components of the slicing level.

Fig. 51. Slicing manager function spawn level food - This function is responsible for spawning food from
the recipe to be chosen between a good food and a moldy or bruised food.
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Fig. 52. Function responsible to handle all the events that occur before, after and during the timer for
slicing the food.

Fig. 53. Function responsible for checking if the player has met the conditions to conclude the slicing
level.
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7 Game Evaluation

Two research questions were formed, and they will guide us in our studies, which we will use to
validate the use and effectiveness of our artifact: 1) Can a serious game promote awareness towards
best practices on avoiding food waste among children? 2) What game mechanics can effectively
teach about avoiding food waste while maintaining high levels of enjoyment?

After our initial concept design evaluation, we iterated the game and conducted several small
studies, which we describe in this section. The studies are presented chronologically, this first one
was performed in a school setting, which was our goal, but was only from a small sample of the
game. It was used to validate our work effectiveness in our target age group. The other two studies
made use of the same version of the game, which was a more developed version of the first study,
the second test was made with varying users to test usability. The third test was evaluated by our
client in a focus group setting to gather some of their feedback on the product.

7.1 Pilot Test Evaluation in School Context

After validating our concept design and conducting some iterations, we had the opportunity to
conduct a small study with our target group on a public school.

We gathered the participation of 22 students from “Escola Básica e Secundária Ângelo Augusto
da Silva" in Madeira. The study was part of a school activity dedicated to the week of technologies,
where as computer science teachers invited the researchers to showcase the game.

Days before the study, a consent form was sent to gather the children’s parental/ guardian
permission (signature) to participate in the study. The document explained the activity (time and
date), and research protocol and provided information about confidentiality and the participant’s
image rights.

7.1.1 Protocol and Measures

Procedure Steps: 1) Debrief of Activity; 2) Participants arrangement; 3) Pre-questionnaire; 4)
Gameplay; 5) Pos-questionnaire; 6) Feedback-Questionnaire; 7) Interview in some groups;

1) Debrief: The procedure started with a small introduction of the activity. Where the users
were informed on how they would have the chance to contribute to the process of creating the
game.

2) Participants arrangement: The participants started by going to one of four tables. The groups
were split according to the equipment used to interact with the game (computer, tablet, or mobile
devices). Each group had 6 participants and sat on a table according to the equipment used. Since
we had 22 participants, one of the groups (of a total of 4) had only 4 participants allocated on a
table dedicated to mixed devices. Each group was accompanied by one researcher, who provided
the equipment with the game previously installed and took observation notes as the participants
interacted with the game.

The group with the mobile devices had 5 out 6 devices hooked up to a computer recording
the mobile screens simultaneously, for a more in-depth analysis to understand user’s interactions,
struggles, and any bug that would go unnoticed, and get a more detailed look at these issues, such
as how long it took, and how it was presented.
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3) Pre-Questionnaire: Before the interaction with the game, the participants had to fill out a
questionnaire that inquired about their knowledge of how to organize a refrigerator and pantry
leading to an increase in the life cycle of such food (see Figure 54 ). This questionnaire was created
using the same elements and aesthetics that are within the game.

Fig. 54. Questionnaire to evaluate users storing knowledge.

4) Gameplay: The users played the game on their respective devices for a duration of 12 minutes,
none of the users had to wait their turn, and everyone was playing at the same time.

5) Post-Questionnaire: The same questionnaire had to be answered by the participants once
they finished interacting with the game. In this way, we could assess the effectiveness of the game
as a tool to educate the participants on how to organize food and avoid food waste. As such an
evaluation criteria was developed to have a fair and correct system to score the pretest and posttest
results, following the good principles.

Evaluation Criteria: For food stored in the pantry and freezer, the right food was able to be
stored on any shelf, whereas in the fridge there were only two shelves that had a bit more flexibility,
everything else had to be properly stored. A good score would give the user “1” point, and a bad
score would give the user “0” points. Both tests included six unique foods to be stored, as such the
maximum score was “6” points.
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6) Feedback-Questionnaire: A questionnaire was also used to identify the existence of some
usability issues (see Figure 55) in the game, the following questions were asked: Was Olivia, the
Chef, useful for you to understand the gameplay? Were you able to use the back button? Were you
able to understand the function of the arrow (to identify the selected shelf)? Did you find anything
else that made the game difficult to use? Please indicate:

1. The selection of the food items;

2. Select the areas to store the food;

3. Storing the food;

4. Understanding the correct place to store the food;

5. Other;

Fig. 55. Questionnaire used to gather feedback from the game.

This information was gathered using a Likert scale of 5 levels - “1” for totally disagree and “5” for
totally agree. The Likert scale was accompanied by a smileymeter [54] (a pictorial representation
of the emotions) to help the participants answer the questions accordingly.

We also gathered qualitative data using open questions to help improve the game, the questions
were asked individually in the questionnaire: What did you like the most about the game? Please
indicate 3 things, What did you least enjoy? Please indicate 3 things, Did you think that you
learned anything with the game? If yes, what? And finally, If you could, what would you change
in the game?

As for the engagement of the participants, these questions were asked: Did you enjoy the game?
and Would you recommend this game to your friends?

7) Game’s name questions:

There were three different instances where the users were asked to help with choosing the
game’s name. The first users were asked to vote from a list of ten names, which ones they liked
most. After that question, users were asked to suggest three new names for the game, the users
from each table would share the names with the other elements of the group and decide on which
name would be used in that group.
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8) Interview: To gather extra information from the users, some of them were asked in groups
to elaborate on some of the questions from the feedback questionnaire. This was useful to better
understand some of the issues that were mentioned previously and to understand how strongly
attached they felt to these issues (as it was easier to understand with the tone of their voices). It
was useful to have users share their opinions with one another and come to a consensus in regard
to certain questions. This method made the process richer, allowing the users to explain why they
thought it was a problem.

The study took around 70 minutes, of which 12 minutes were dedicated to the game’s interac-
tions.

7.1.2 Results

7.1.2.1 Demographics

We had a total of 22 participants. Most of the participants were male (n=17) and 5 female. Also,
most of the participants were eleven years old (n=12) and the remaining (n=10) were ten years
old.

No nationality data was collected.

7.1.2.2 Quantitative Data

The results of the usability test showcased, in the left pie chart from Figure 56, that 41 % of the
users answered 5 - Totally agree (n=9) when asked if Olivia, the Chef, was useful to understand
the game, additionally the remaining users answered positively to this question.

Fig. 56. Left pie chart - Results from questionnaire question "Was Olivia, the Chef, useful for you to un-
derstand the gameplay?"; Center pie chart - Results from questionnaire question "Were you able to use
the back button?"; Right pie chart - Results from questionnaire question "Were you able to understand
the function of the arrow (to represent the selected shelf)?"

When asked about the use of the back button, center pie chart in Figure 56, 50% of the answers
were 5 - Totally agree (n=11), the second most common answer (31,8%) was 4 - Agree (n=7), but
the remaining users answered 2 - Disagree (n=2) and 3 - Neither agree nor disagree (n=2).

To the question were you able to understand the function of the arrow (to represent the selected
shelf), in the right pie chart from Figure 56, the most common answer (45,5%) was also 5 - Totally
agree (n=10), the second most common (31,8%) answer was 4 - Agree (n=7).

When asked about which aspect made the game difficult to play, the results showed that “Storing
the food” was what most users had difficulties with, secondly “Understanding the correct place to
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store the food”, thirdly “The selection of the food items” and lastly “Selecting the areas to store
the food”. Additionally, one user selected the other option with the answer “moving the character”.

The learning outcomes were calculated using the participant’s scores from the pretest and
post-test scores results.

Fig. 57. Evaluation score of storing exercise from before and after using the game - On the horizontal
we have the possible scores, on the vertical we have the amount of times that score happened for pre
game in blue and post game in red.

When comparing results from the pretest and post-test, see Figure 57, user’s knowledge about
how they can store the food in their household increased. This can be seen from the number of
occurrences the lower scores (1, 2 and 3) decreased and the higher scores (4, 5, and 6) increased.
This column chart represents an improvement on 14 cases out of 22. Additionally, the platform
was taken into consideration when analyzing this data and the type of platform did not seem to
affect these results.

Out of the 22 tested users, 21 (95,5%) of users agreed they learned something from the game,
when asked about what they learned most answers could be grouped into four different types as
shown in Figure 58.

Fig. 58. Pie chart with results from questionnaire question "What did you learned from the game?"

When users were asked if they liked the game, or learned something from the game in the inter-
views all of the students interviewed mentioned they liked the game; all of the students interviewed
mentioned they learned with the game;
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In the questionnaire (95,5%) 21 users who answered the questionnaire mentioned they liked the
game.

(95,5%) 21 users who answered the questionnaire mentioned they learned with the game.

(95,5%) 21 users mentioned they would recommend this game to their friends.

(36%) 8 users who answered the questionnaire mentioned they would not change anything in
the game;

7.1.2.3 Qualitative

In general, users were receptive to the experience and seemed to enjoy themselves playing the game,
they were always asking for more details about the game, exploring everything in the game to find
every feature and possible interaction. They also appeared to have learned food waste concepts
with the game and that they would be more mindful of their decisions.

The results from the observation notes, interviews, and open-ended questions from the ques-
tionnaire showed that users were very enthusiastic to play the game at the start, but towards the
last minutes, they were tired of repeating the same tasks and had already found problems with
the game, such as not saving the characters customization between levels. In the interviews, users
were very vocal about which things bothered them when playing the game.

Two users helped their parents or had some knowledge of how to store the food, ”I help my
parents store the food, I know how to do it!“, the other four did not know anything, ”I never store
the food in the fridge at home!“.

Initially, three users had some difficulty understanding how to play the game, but the users
that were quicker to understand the interactions helped the other colleagues and they would share
their learnings with others. Generally, the users were frustrated at the beginning of the game for
not understanding how to play it, one user asked ”Where should I store the green bell pepper“,
when they figured out they were a bit more relieved, one user said,” Ah, I understand now I have
to store them on the shelves! And it is based on the temperature“. Four users were also frustrated
towards the end of the session, the users were bored as they kept repeating the same level and
wanted something new to try out as they started getting the maximum storing score in the game.
Two users tried to get to the other side of a wall in the kitchen which had the Chef, when they
could not move through the wall they became frustrated, they commented, respectively, ”Why can
I not go to the same level as the Chef”; ”I want to get out of this level, this is a prison“ the same
user was really frustrated and spent 3 minutes trying to get to the other side of the wall.

Five participants during the interview mentioned they ignored Chef’s text, ”Ah I did not even
read anything, I just pressed on things“. They also said that only read the text when stuck doing
something. All users were also sad when they noticed that game elements such as experience, ”we
lost our level“, and character customization did not save between levels. One user said showing
frustration: ”I lost the jacket I chose?!, I don’t understand“; another user said: ”I changed the
monkey’s clothes, it was cute, but then he lost its clothes“.

There was a disagreement about the game graphics, some users seemed to like them, and others
did not. While a participant expressed his dislike and wanted a more refined and realistic approach,
another one said ”I liked them and think the graphics were spectacular“. Note that the comments
were provided by users with different equipment, while the participant using the mobile phone was
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pleased and the one using the computer was not. There were also problems with the lights in the
game aspect which users with tablets and computers noted as problematic.

The common points mentioned in the interviews and things that they would change or add to the
game were: Having more and different activities to do in the game; more guidance in the beginning;
more customization options (colors, types of clothes); saving levels/experience and customization;
more levels inside the kitchen; more realistic or refined graphics; more explanations about the story
of the characters in the game, having a more meaningful story with secret recipes, helping friends,
and becoming a master chef; multiplayer mode; changing the storing interaction process; building
a restaurant; better and easier mobility with the character, adding a joystick on screen was also
suggested; making the pointing arrow be clearer, in regards to how it worked to store the food;
it was also a somewhat common answer that they would not change anything; Adding doors to
change between levels.

We have grouped the results from observations in the following themes to facilitate the reading
of the qualitative results:

Most appreciated features

The users seemed to enjoy themselves with the character customization, ”I like this pink jacket“;
”The monkey is naked!“ then laughed, additionally they seemed to be very happy with the stars
they were given at the end of the level based on their performance, especially when they were able
to get the maximum score. Some users competed between them to see who would get the best
score. It was common for the majority of the users to be frustrated and lost in regards to two foods
that they had to store, a bowl of food and a cake.

When users were asked what features they appreciated the most in the questionnaire, the
following points were mentioned: the game’s graphics, story, characters, instructions and Chefs
feedback, storing the food, customization and clothes, the creativity, moving around in the game,
everything, learning how to store the food, the main character, competing with friends.

Aspects to Improve

When users were asked about what things they did not like or needed improvement, they
mentioned these aspects: the bugs, poor performance, the delay in user input, missing back arrow,
graphics and light inside the game, not saving the experience, and customization selected between
levels, not enough levels, little variety (levels and customization), not being able to go to different
divisions within the main kitchen level. Some aspects such as poor performance, and the lights in
the game were common issues for the computer and tablet users, as such it may have degraded the
user’s experience with the game.

Technical Glitches

The game crashed on two computers, and the users noted performance problems and a sub-
optimal experience with the game, when pressing the food to be stored they would miss due to
this problem. Some tablet users, also shared some of the problems with the computer users, the
game also had some performance problems. For mobile users a recording of 5 out of 6 phones was
performed and later analyzed. They did not note any issues with the game in terms of graphics or
performance, but when analyzing the recording there were two bugs found, one in regards to the
lighting to one user, which did not affect the user’s experience, and another which made the user
be able to store 9 food out of 8 available.
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Each group voted for the table chosen name, and the results were: Arrumação da cozinha da
princesa Olívia; Chef Olivia’s Kitchen; Arrumar a comida; Master Chef.

For the pre-defined list of names the results, from most votes to least votes, are present in Table
5.

Table 5. Names pre-defined suggestions voting results.

Title Votes
Masterchef contra o desperdício 10
Mini animais do desperdício 7
Chef Edu Mestre contra o desperdício 6
Mini chefs do desperdício 6
MasterChef no LiviaChelin 6
Mini Chefs do desperdício alimentar 4
Mãos no desperdício alimentar 4
Chefs animais do desperdício alimentar 2
MasterChef do Desperdício 0

Whereas none of these games ended up being the final name for the game, these were very
useful in focusing on which keywords were used more often and how they could be used to pick
the final name of the game. The game’s final name ended up being Masters Contra o Desperdício.

7.1.3 Discussion

This pilot test performed included only a selection of two levels of the game, and provided us with
the opportunity to test the game on a real scenario to prove its effectiveness towards our research
questions, 1- Can a serious game help the learning of food waste concepts to children? 2 - Can this
game have fun mechanics while educating towards good food waste principles?

The results showcased that the grand majority of the users had a positive experience in regards
to both questions, since (95,5%) 21 of questionnaire users answered positively when asked if they
liked the game, if they learned anything from it, this was also reflected with their enthusiasm
during the test. Some aspects were confusing for the users as they were not explained properly,
but users also mentioned that Chef Olivia was useful for their understanding of the game, so these
elements are going to be used to explain to the users more things about how to interact with the
game. Certain foods were not perceptible to the users and where to store them, as such a stronger
emphasis is going to be given towards it being the first thing the user learns when he selects that
certain food. Users found the experience fun when they were getting as many stars as possible and
customizing their characters, even though they were frustrated when these changes were not being
saved. The users enjoyed walking with the character after customizing it, trying different options
and wanted to unlock more options, as Titiu [49] identified with its customization options.

Additionally, the results from the pretest to post-test showcased an improvement in their knowl-
edge which further helps prove that the users did in fact learn with the game.

Some of the devices, tablets, and computers, had less than optimal performance which unfortu-
nately affected the experience of users, which led to more frustration during the session. A priority
was given to having more devices for having a bigger testing group, otherwise, a more careful
selection would be done for the devices to be used.
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While the game was not easy for the users to understand to begin with, the learning process did
not take too long, and the mastering of the game mechanics was achieved fairly quickly through
repetition, as mentioned by Lacasa et al and Obiwelu et al [17,37].

In regards to bugs, two were found, one related to lighting which does not affect the user’s
experience, and another one with the storing interaction which makes users able to store more
food than what is available in the level, this one is critical as it breaks the game’s rules.

When suggesting things that needed change within the game, users were very vocal about having
a saving system to save data between levels, such as experience and character customization, adding
more customization options, adding more levels, and greater variety. These were already part of
our priorities for the final version of the game, but having the proper validation with the users, and
that it had this level of relevance to them was very useful to understand just how much they valued
these rewards and sense of accomplishment with what they do inside the game. Other suggestions
are out of the scope of this project or scheduled for a final interaction where the core of the game
is more solid, things such as optimization and eventual visual bugs.

Although the final name decision was not made directly from the user’s suggestions or votes,
they were very helpful in guiding towards which keywords were important to have in the final name
of the game.

7.2 Usability Evaluation of the Beta Version

For this section, we will describe the steps that were taken after having the current beta build
ready for testing usability.

To be sure that everything that was implemented in the game was working as intended, the
mechanics implemented were intuitive, and in order to find issues a usability test was performed.

For this study users were recruited opportunistically, and this led to 26 users that agreed to
test the game, however from this sample group, one user did not complete the questionnaire due
to time constraints.

7.2.1 Protocol and Measures

The protocol consisted of five different steps, with the gameplay being split into two different
moments: 1) Debrief of the steps; 2) Participant’s consent; 3) Gameplay; a) Following in-game
instructions; b) Performing the tasks asked; 4) Questionnaire; 5) Interview;

1. Debrief: In this debrief users were introduced to the purpose of the test, testing usability, the
game’s target age group and theme, how long the test would last;

2. Participants consent: The participants were given a consent form describing everything in
more detail, what data was going to be collected, the compensation given for participating,
and all the details in regards to the test;

3. Gameplay: Play the game for fifteen minutes;

(a) Following in game instructions: First, the user would have to follow the game’s tutorial
to reach the end of the day;

(b) Performing the tasks asked: Upon completing the day he would have to complete three
tasks given:
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i. Customize your character;

ii. Find the easter egg;

iii. Find the trophies;

4. Questionnaire: Fill a post questionnaire, this questionnaire would ask to evaluate certain
game aspects in a quantitative manner. This evaluation followed the same Likert scale values,
from 1 to 5, and the same nomenclature, but the smileymeter was not used this time [54].

Additionally, users were asked which components from the game were not intuitive, or they
had difficulties understanding them;

5. Interview: Lastly, the users would be asked to answer some open questions about the storing
and slicing level, another mechanic for the storing arrow, new additions to the game that would
enrich the food waste theme of the game, two questions regarding rewards, customization, and
trophies and for the final question users were asked about the end of level or day usefulness.

7.2.2 Results

7.2.2.1 Demographics

The range of ages testing the game was from 10-19 years old to 40-49 years old, as seen in Figure
59. Out of the twenty five users, fifteen were male, nine were female and one user preferred not
to mention. For the user nationality, twenty four of the participants were Portuguese and one user
was Spanish.

Fig. 59. Age ranges of users tested.

7.2.2.2 Quantitative Results

Users were asked to grade from 1 to 5 how good was the integration between levels, with 5 being
totally agree and 1 being totally disagree. For the last question 5 is for liked it a lot and 1 is for
disliked it a lot, the results are present in the Table 6.

All the twenty six interactions with the game were timed, the longest test that completed all
the tasks lasted 14 minutes and 54 seconds, the shortest lasted 7 minutes and 40 seconds, one user
did not finish all the tasks within fifteen minutes and the average of the twenty five tests finished
was 11 minutes and 23 seconds.

Users were asked to rate how fun was the game, using a score from 10 to 1, results are shown
in Table 7. Table 8, showcases the options selected for which components from the game were not
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Table 6. Questionnaire evaluation results.

Answer (5 - Totally agree/Liked it a lot | 1 - Totally Disagree/Disliked it a lot ) 5 4 3 2 1
Question
The change from the introduction of the game to the storing level was well implemented 13 7 5 0 0
The change from the storing level to the recipe choice was well implemented 13 10 2 0 0
The change from the recipe choice to the slicing level was well implemented 12 10 2 1 0
The change from the slicing level to the final evaluation was well implemented 10 10 5 0 0
What was your opinion regarding the customization 12 9 4 0 0

intuitive to the users. Additionally, the users were asked to explain what of the components were
not clear. Most explained how the storing mechanic, food movement, and overall interaction at the
storing level were not intuitive, and possible solutions to the problem. The selected options also
help us understand that a bigger effort needs to be made in order to improve the components from
the storing level, this improvement can come in the shape of better guidance and visibility of how
the user needs to interact with the level components or a redesign of the level mechanics.

Table 7. Results from the questionnaire question "How fun was the game?"

Score Occurrences
10 1
9 4
8 14
7 5
6 1
5 0
4 0
3 0
2 0
1 0

Table 8. Results from the questionnaire question "Which of the following game components were not
intuitive?"

Option Occurrences
Selecting the storing zone 14
Storing mechanic 14
Storing arrow 11
Selecting the food to be stored 10
Slicing the food 7
Selecting the sliced food for the pan 4
Selecting the cooking tool 4
Selecting the food to be sliced 3
Recipe instructions 2
Returning to the previous level 2
Selecting the recipe 2
Final evaluation 1
Character movement 1
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7.2.2.3 Qualitative Results

Following the problems with the storing level, which was a component we knew needed improvement
before starting this testing phase, a question from the interview asked the users how would they
implement a storing mechanic inside the game. The majority of the users pointed to a drag-and-
drop or a point-and-click system, (n = 16), but the more creative solutions or additions to the
current mechanic were: Having a book that the player had to memorize how to store; Having the
food flying at random times and speed where we have a timer to press them in order to store them;
Having a height based on the momentum of the swipe; losing health if it is the wrong option; Being
able to group the same type of food to be stored all at once; Having a slingshot. This exercise helped
us find new solutions and what the users expected from the game’s interaction. When asked about
additional aspects that needed improvement the most pressing one was that the tutorial messages
were too cumbersome and needed to be complemented with gameplay. Only one user did not find
the easter egg, because the user ran out of testing time.

Observation notes and comments during the tests pointed out that when trying to store the
food out of the 26 user’s tested: 23 users tried pressing in the zone; 20 tried users to press on the
food; 18 users tried pressing the arrow; 6 users tried to store them after grabbing the food from the
basket; 5 users tried to swipe and release in their desired area. These users interactions reflected
that the storing mechanic was not intuitive for the user.

Additionally in the storing level, 4 users tried to switch to the fridge while being in the freezer;
12 users tried to change the storing position after having stored the food; 6 users did not know
what food they were storing; 4 users would always start with the freezer. There seemed to be some
confusion in how the mechanics functioned.

For the recipe choice and recipe follow-up: 19 users selected the recipe by clicking the UI; 8
users selected the recipe by clicking on the food in the table. The user’s main point of attention
and focus was the UI and the food on the table was not noticeable enough. Note one user had a
bug in the game that prompted them to choose the recipe again, the first time this user used the
UI, but the second time pressed on the food on the table, this explains the 27 options recorded.

1 user was lost before selecting the recipe; 4 users were lost after choosing the recipe; 6 users
made use of the recipe button. This should not have happened since Chef Olivia instructed them
where to go before and after choosing the recipe.

For the slicing level: 7 users tried to swipe for slicing the food; 2 users tried to drag the slices
to the pan. Given that only this small portion of the tested users used swipe, the instructions and
overall interactions with this section were intuitive for the rest of the users. 6 users wanted to know
how they received the trophies, so either the remaining did not care much about them or they
needed more highlights in our game.

Additional points that various users mentioned or were observed:

Positive aspects:

1. 7 users liked to slice the food;

2. 5 users said they liked the customization;

3. 3 users liked the easter egg;

Aspects to improve or additions:
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1. 5 users wanted to have curiosities when leveling up, mentioned how much food they saved,
planned meals, and avoided buying too much food;

2. 4 users noted the lack of sound effects and visual effects, especially in the slicing of the food;

3. 4 users wanted the addition of composting to the game;

4. 3 users wanted to have new recipes;

5. 2 users wanted the game’s leveling system to require more experience;

6. 2 users wanted zooming options, especially for the customization;

7. 2 users wanted the game to be more challenging;

8. 2 users wanted a highlight of the three different sections in the storing level;

9. 2 users wanted to freeze the food cooked;

10. 1 user wanted to wash the dishes;

11. a user mentioned how the game’s language would benefit from a language more directed to the
children.

Difficulties from the users:

1. 3 users mentioned that the trophies and customization from the top shelf were hard to see;

2. 2 users mentioned that the names on the fridge door and the arrow not going all the way down
are confusing;

3. 2 users were heading with the Chef, but were hesitant due to the carpet saying "final evalua-
tion";

4. 2 users mentioned that their storing habits influenced them in the game’s storing level;

7.2.2.4 Discussion

The storing level was very confusing for the users, it was the level with the most issues and that
happened more frequently with the users tested. Following the analysis of the time recorded for each
activity, the storing level was the one that had the most variability in time used for playing, which
further demonstrates how nonintuitive some aspects were. Users found the slicing, customization,
easter egg, and character movement to be very funny and entertaining. Most users suggested a lot
of varied additions, and while they enjoyed the experience by most of the votes users wanted to
have more additions to the game, but especially for it to be a more refined experience. Some users
also mentioned how the theme of food waste was not so present in the game, thus asking for more
messages and reminders of the good actions they were doing that were helpful for food waste. Levels
needed to be further flushed out, having more complexity and having a slower level progression,
which in short means a longer game experience with additional steps and level progression that
would lean harder on users needing to have a good performance to unlock more customization. A
lot of elements, such as the trophies, were not properly explained so there was a bigger emphasis on
these elements. The instructions of the game should be more visual and introduced more gradually
because users were very confused and would not absorb all the level instructions.



61

7.3 Focus Group with the Local Food Bank

In order to inform our client of the state of the game and gather some feedback regarding points
to be improved and added to the game, a focus group was performed with 5 users from the local
food bank. This focus group made use of the same version of the game as the usability test.

7.3.1 Protocol and Measures

The focus group protocol had four different steps: 1) Debrief of the activity; 2) Consent Form; 3)
Gameplay; 4) Feedback.

1. Debrief of the activity: Users were debriefed on how the focus group works, the reason
behind this testing, and the procedure of this activity;

2. Consent Form: A consent form was handed to each one of the users to be informed and ask
for their consent to what data was going to be collected and handled. Permission for recording
the audio was asked in the consent form but was also done verbally to make sure everyone
agreed.

3. Gameplay: At this moment the audio would start to be recorded. One smartphone was used
by the same user, this smartphone was connected to a laptop for the remaining users to be able
to see the user’s interaction. After the interaction the moderator would give more context into
the mechanics and game elements, this was done in order to get users to engage in a discussion
regarding these aspects.

4. Feedback: At the end of the test, users were asked to give feedback on everything from the
game, the same levels integration was asked, positive and negative aspects from the game,
what elements from food waste were missing, how were they planning to implement this in
their school visits.

All data collected was done with comments and observation, as such the data collected is merely
qualitative.

7.3.2 Results

7.3.2.1 Demographics
There was no demographic data collected, but out of the 5 users tested three were female, and
two were male. Additionally, the users that participated in this test were workers from the Banco
Alimentar da Madeira, working in distribution, finance, and public relations.

7.3.2.2 Qualitative Results
There were some questions that were prepared to ask the users to get them to express their opinion
about the game, however, most of these questions were not needed as they were very active in
providing their opinion. The users answered the questions with positive and negative aspects of
the game, and what was missing from the food waste theme, describing them more thoroughly,
without the need to be asked about them.

The points that the users mentioned that needed improvement were:

1. Fix grammar issues and errors;

2. The recipe icon, was not intuitive and the message presented was not perceptible, maybe adding
a highlight or pointing to its location was a suggestion given;
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3. For the storing level it would be better a drag-and-drop approach;

4. Having a language balance between technical terms and a language more directed at children
of this age group;

5. Possibly the recipes with fish and vegetables were not desired by the children;

6. One user mentioned that the way the storing level played out was very confusing and was
not educative enough, as such this user suggested we start this learning process by first being
introduced to the storage of one of the three storing locations, then learning the others;

7. Addition of a small video showcasing the storing as an example, then users would have to
memorize and store themselves, this would be beneficial to their involvement in the action and
lead them to think more about their actions;

8. The addition of music and sound effects;

9. Since the game has a sink with plates, we could be given the chance to wash the dishes and
gather all the food that was left on the plate for composting and use it in our small garden;

10. The addition of the previous point could be a small activity and upon completion, the user
would receive a feedback message explaining why it was a good action;

11. Having people in the restaurant to eat or waiting for their food;

12. The addition of a plating level and explaining what percentage would need to be filled with
vegetables, hydrates, etc;

13. In the slicing part the good for the recipe and the bad parts for composting.

Positive aspects:

1. The users enjoyed and found the customization amusing;

2. Users enjoyed the gameplay, especially the character’s movement.

3. Users were very pleased with the topics approached in the game.

4. The users enjoyed the graphics and level of detail in the game.

5. The users enjoyed how filled the kitchen level was and even assumed certain activities could
be performed inside it.

Participants were asked how good was the integration of the various levels, and they answered
they found it good between all the levels.

In the end, when we asked if they would envisage this experience being offered in the school
settings during their interventions. Participants mentioned that using this game would be valuable
to showcase the importance of avoiding food waste.

7.3.3 Discussion

Since the game version used for this test was the same as the study in the previous section, the
usability evaluation, there were similar types of problems that arose from the user’s feedback. For
the storing level, the users gave suggestions of it being drag-and-drop, phasing out the learning
process for each of the storing locations, addition of videos to introduce the mechanics. This
suggestion is very helpful, especially for our research question (What game mechanics can effectively
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teach about avoiding food waste while maintaining high levels of enjoyment). The users from this
focus group were very helpful in suggesting new additions and changes to the game with them
being very detailed in the implementation of such things. While a lot of work is still required to
refine the game, the client mentioned that they are very enthusiastic about this project and see a
lot of potential for the use of this tool in school visits.
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8 Discussion

The preliminary testing with the prototype built helped us validate the initial concept of the game
and which areas needed improvement. The results from the preliminary testing were indicative of
a useful educational experience and amusement with the customization and characters. However,
there was still a need to validate our work with a functional version of our proposed game tested
with a large group from our target age group.

Developing and listing the requirements, building models, and idealizing how things would
be implemented for the final product, helped us streamline all the processes and in having a
firm direction in the development process. Additionally, prioritizing which features were more
relevant for the final version of the game, how long these would take to implement, how would
each component interact with the other ones and lastly what features could be left out without
diminishing the game’s core experience.

The use of a conjunction of paper prototypes and a quick prototype to refine the issues from
the first prototype was extremely useful, not only for the game concept but in providing more time
to start the learning process of UnrealEngine5. Some aspects of the game took more time, or
were not implemented in the most optimal way since this was the first experience with the engine,
looking back, many things would have been done differently.

Following the dissemination of relevant material from food waste projects targeted at children
and other digital experiences with the same target group, our two research questions were formed
to guide our research efforts:

8.1 1) Can a serious game promote awareness towards best practices on avoiding
food waste among children?

Educational games have shown to be a positive experience in stimulating learning in children [18].
This pilot test with children from our target age group was extremely helpful in answering our
research questions, even though the game only offered a portion of the final experience.

Children improved their knowledge of how to be more responsible with handling the food in
order to waste less food while having a fun experience. The fun factor of the game was concluded
from the user’s interactions, observation notes out of which they seemed very enthusiastic in regards
to the experience. The questionnaire results resultied in 21 questionnaire users (95,5 %) who
answered they liked the game from the 22 users tested.

The users were able to acquire more knowledge and were active participants in their learning
process [30]. This knowledge was evaluated with the pre and post-tests performed during the pilot
test study with our target age group. The game’s effectiveness as an educative experience was
proved with the comparisons of the results from the pretest to the post-test. Additionally, 21 of the
22 users tested (95,5%) answered that they learned something from the game in the questionnaire.

8.2 2) What game mechanics can effectively teach about avoiding food waste while
maintaining high levels of enjoyment?

The customization was a very welcome addition as Titiu [49] did in the "Feed the movement"
application, users from both the pilot and usability test were engaged with this component of the
game.
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While the characters inside our game were not so much the focus as the learning about food
waste, they followed the Hugon et al [24] stories which had memorable characters. The use of
characters who are determined to achieve a goal and have unique features, such as the monkey’s
creativity of using different food scraps, that influence the user, as proposed by [50,51].

The use of rewards from experience, customization options, trophies, and star scores at the end
of the level was appreciated by users from the three studies conducted. As Hanus et al [35] referred
gamification elements benefit the game’s educational goals, pursuing the user to improve to receive
more and better rewards.

Users from the pilot test noted that certain game elements were confusing or were not explained
properly, but users mentioned and agreed that Chef Olivia was useful to help them understand more
about the game. Additionally, the characters left some resemblance in the users who remembered
their names, since their names came up in name suggestions and various open-ended questions.
As the pilot test was only a demonstration with the most features that had the most impact on
the game, users left wanting a more complete experience and suggested possible additions. The
realization that the pilot test’s user’s suggestions of things to add or improve in the game were
in line with our short-term goals was very reassuring in continuing the development for the next
phase. For the usability study, the game was a more complete experience, however, users noted that
the game could make use of even more features, but more refinements could be done to existing
features in order for them to be more intuitive and exciting.

Having a beta version of our game testing usability and being presented in a focus group to our
client simultaneously, helped us identify the most critical issues of our current version of the game.
Having both of these elements identify the same problems and provide possible solutions for the
usability issues and ways to improve the experience of the game is always very welcoming. Users
already enjoyed the experience, but with the improvement of these elements, we believe the game
can become a useful artifact in the education of this topic.

In summary, our research appears to be aligned with our goals, we were able to test the main
components of the game with our target age group and the results were very positive for our
research questions, the users found the game fun and learned with the experience. The testing
made with our target age group happened in two instances, in the first prototype built with Figma,
which validated our concept for the game. Later in the pilot test build, which was a smaller, but
more significant, portion of the final game. Even though the game did not offer everything already
implemented, users were responsible for suggesting changes and additions as Druin [44] mentioned
helping the experience to be more suitable for other children of the game’s age group. Given all
these results our project appears to be headed in the correct direction with the potential for a
successful final study with our target age group.

9 Limitations and Future Work

The final version of the game, with the extra features and levels, could not be tested with our target
group due to the time the game needed to be finished and the children were on their summer break,
so one of our priorities in the future work is to conduct an evaluation in the school context with
the intended target group and sample size larger than the previous pilot test.

Regarding the game design, adding more game mechanics that focus on reinforcing how to avoid
food waste would be beneficial to increase the awareness effect, further refining the experience to
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be a more cohesive restaurant experience, some of these mechanics could also target other age
groups. A opportune test for the future would be to maintain interest in the game for a longer
period. This would also be useful in understanding the long-term impact of this experience at the
household level.

The game still has problems with different aspect ratios and screen layouts, we plan to further
refine this part of the experience so that all the users, meeting the system requirements, can run
the game seamlessly on their smartphones.

Currently, the game is only available for Android but has not been released in the Google Play
store, in the future we plan to build an iOS version of the game and distribute it in each of the
distributor’s marketplace.
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10 Conclusion

This project presents an enriching experience in the area of sustainability, the artifact produced is
sure to be useful for sharing the theme of food waste for children. Banco Alimentar da Madeira ,
our client, was very excited with what was presented and eager to share this experience in their
activities with our target age group.

This serious game is a positive addition to the educational area and will hopefully be used
by many different institutions to share this topic in a successful manner. Furthermore, the use of
UnrealEngine5 demonstrates that it is a very powerful tool that can be used in different situations,
even in a mobile game with this small type of scope.

Concluding we achieved the goals we set out at the start of this project. We evaluated the
potential of this experience, in the target age group study, which demonstrates that children can
learn with our game. The engagement, and enjoyment from our game were also positive from all
three studies’ results, especially the customization and slicing in the game.

10.1 Contributions

This project looks to be a useful tool in teaching children about food waste, as well as a promising
entertaining product. Our client was excited about the potential of the game and is anxiously
waiting for the delivery of the final product to be used to share this information.

The process followed for the development, and management of milestone goals and versions
deployed for testing should be useful for similar works, they should prove useful for being efficient
with their management of time. The studies from this work provide, should be of use to other
projects in the sustainability area, working with a client and developing digital experiences for
children. The studies for the game demonstrate a positive experience with the majority of users.
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