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Abstract

Recycling education is important for promoting pro-environmental sustainable behavior,
yet traditional approaches often lack engagement and impact, particularly among younger
audiences. This study presents a digital, turn-based card strategy game designed to teach
recycling principles and concepts through interactive city-building mechanics. Set in an
augmented reality environment, the game challenges players to balance population growth,
resource use, and waste management to maintain a high well-being score for their city.
Players construct digital buildings (houses, recycling facilities, resource infrastructures),
each influencing waste production, recycling efficiency, and overall well-being. The game
integrates educational content with engaging decision-making, aiming to foster system
thinking and eco-conscious behavior. Unlike prior AR approaches, this game focuses on
digital interaction, leveraging immersive game-based learning. Usability and engagement
were evaluated using the in-game version of the Game Experience Questionnaire (GEQ).
Findings support that users responded positively to the prototype’s game experience,
suggesting that the digital game is promising. The study contributes to the growing field
of digital pro-environmental education, providing insights into how interactive gameplay
can support environmental awareness and laying groundwork for future evaluation of its
educational impact.

Keywords: serious games; edugames; game-based learning; AR; augmented reality;
sustainability; recycling; waste management; digital board games

1. Introduction
The serious games field is evolving rapidly, driven by technological advancements

such as new mobile technologies and the bloom of augmented reality (AR) and virtual
reality (VR). The growing demand for interactive and engaging learning tools across
different disciplines has resulted in a significant global acceleration in serious games’
popularity and has created a market size of 13 billion USD in 2024 [1]. Along with the
worldwide increased interest in serious games, environmental serious games have also
grown. An analysis of serious games for pro-environmental sustainable education revealed
a significant increase in scholarly interest, with a sharp surge becoming evident in the
number of relevant publications from 2021 onwards [2].

A substantial body of research has highlighted multiple benefits of using serious games
in environmental awareness and education. More specifically, it has been documented that
environmental serious games can effectively foster greater ecological concern [3], enhance
environmental-related knowledge [4,5], encourage critical thinking skills for addressing

Electronics 2025, 14, 4931 https://doi.org/10.3390/electronics14244931

https://doi.org/10.3390/electronics14244931
https://doi.org/10.3390/electronics14244931
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/electronics
https://www.mdpi.com
https://orcid.org/0000-0002-6660-1891
https://orcid.org/0009-0008-0429-5906
https://orcid.org/0000-0001-5711-5405
https://orcid.org/0000-0003-0726-8627
https://doi.org/10.3390/electronics14244931
https://www.mdpi.com/article/10.3390/electronics14244931?type=check_update&version=1


Electronics 2025, 14, 4931 2 of 12

sustainability challenges [6] and promote pro-sustainable and pro-environmental actions
and behaviors [7,8].

An overview of the available serious games on environmental issues revealed that
among the most common subjects were climate change, waste management, urban plan-
ning, and ecosystem management [9]. In the overview, the serious games narratives varied
vastly; however, it was noteworthy that many of these games portray ordinary citizens
tasked with making pro-environmental sustainable choices in their daily lives, such as recy-
cling, conserving energy, or water. Regarding the design features of environmental serious
games, a recent review highlights that the most effective examples tend to incorporate a
distinct set of characteristics. These include immersive experiences, meaningful player en-
gagement, active learning through doing, realistic simulations of environmental challenges,
decision-making autonomy, and the presence of a guiding host [10]. Collectively, these
features support deeper learning, sustained interest, and stronger behavioral outcomes
in players.

A state-of-the-art short review reveals a number of serious games designed to promote
pro-environmental behaviors, particularly recycling and waste management, as well as the
use of AR to enhance user’s engagement and learning outcomes. Examples include city
management simulation games, competitive recycling challenges, and AR-based interactive
games that combine physical and digital elements [11–13]. These prior initiatives provide
a foundation for understanding how game mechanics and immersive technologies can
support pro-environmental sustainable education and motivate our approach of integrating
AR in a board game context.

Given the increasing need to provide new ways to engage and involve young people
in pro-environmental behaviors, and to increase the efficiency of environmental awareness
and education [14], we decided to develop a recycling themed serious game integrating
educational content with engaging decision-making to foster system thinking and eco-
conscious behavior in young people. The topic of the serious game was selected due to the
persistent and pressing nature of waste management as a global environmental challenge.
Indeed, the United Nations supports that global solid waste generation is projected to
increase by 81% between 2020 and 2050 as a result of economic growth and unsustainable
consumption, highlighting this environmental urgency and the need to address it [15].

Furthermore, managing waste responsibly is something every person can contribute
to in their daily life, and recycling is a tangible action. Although public awareness on
the matter is not low, meaningful engagement is limited. An AR game is considered as a
promising medium of behavioral change, since young players can directly apply what they
learned in the serious game in real life, leading to measurable impacts. This attribute has
been emphasized by several studies [16,17] that reported that AR can influence behavioral
change, particularly in environmental education and alter attitudes towards sustainability
encouraging pro-environmental actions. Furthermore, AR technology affects learners’
spatial awareness, which is crucial for behavioral change in real-world contexts [18].

Considering all the above, we designed and developed an AR city builder game
that promotes sustainable recycling behaviors, while at the same time, it provides a fun
and engaging city planning experience. The game is a turn-based card strategy game
featuring a user-centered AR interface, designed for city building and waste management
infrastructure planning allowing students to place recycling facilities, optimize waste flows,
and observe simulated environmental outcomes overlaid on their physical environment.
The aim of this study was twofold: (1) to engage players in pro-environmental sustainable
urban planning decisions and (2) to encourage recycling behaviors through an immersive
and interactive game. Overall, this paper describes the design principles, development,
and implementation of the “Bin There, Built That: The Game”, highlighting how AR as an
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end-user technology can be leveraged to foster environmental awareness while remaining
user-friendly and contextually grounded.

2. Materials and Methods
2.1. Game Design

The game is a single-player, turn-based, and relaxing strategy experience where
the player’s primary goal is to build and manage a sustainable city (see Figure 1). At
the start of each session, the player begins with five cards and draws one additional
card per round. During each turn, the player can either play a card or skip the turn
to draw another one. The objective is to achieve the highest possible happiness score,
ranging from 0 to 100, by effectively managing population growth, resources, waste, and
recycling. The game concludes when the happiness score remains below 40 for more than
five consecutive rounds, signifying that the city’s population has become unhappy and the
player’s management strategy has failed.

 

Figure 1. Starting the game with an empty board and 3 random drafted cards.

The happiness system serves as the core metric of the city’s well-being and reflects the
player’s ability to maintain a balance among population, resources, and waste management.
The happiness score starts at a predefined value, defined as 70, and fluctuates between
0 and 100 depending on player decisions. Several factors influence happiness: the types of
buildings constructed, the adequacy of essential resources, and the effectiveness of waste
management actions. A lack of resource buildings or excessive accumulation of waste
results in a steady decline in the happiness score, while well-balanced resource allocation
and waste reduction contribute to its increase.

The game’s cards were divided into 3 categories: the main cards, special cards, and
basic cards. The main cards include bins, houses and recycling facilities. The special cards
contain buildings required for a functioning society (hospitals, schools, energy facilities and
restaurants). Basic cards are buildings that upgrade the quality of life (such as playgrounds,
gas stations and shops).

House cards, representing population units, are essential for expanding the city and
enabling the construction of more complex buildings. Each house card placed increases
the population but also generates waste. Houses can be upgraded through three levels,
with each level improving waste efficiency. A Level 1 house accommodates five people
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and produces three units of waste. Upgrading to Level 2 adds five more residents (a
total of ten) while reducing waste to two units, and Level 3 increases the total population
to fifteen while generating only one unit of waste. Upgrades require specific conditions
such as a minimum population size or the existence of previous upgrade levels. Certain
other building types, such as resource and happiness buildings, also require a minimum
population before construction can begin.

Waste management plays a critical role in sustaining the city’s happiness. Garbage
bins are used to store the waste generated by buildings, but they can only be emptied
if recycling facilities are operational. When bins exceed half of their capacity, the city
enters a first penalty stage, resulting in a gradual decline in happiness. If the bins become
completely full, a second penalty stage is triggered, causing a sharper decrease in happiness.
Recycling facilities mitigate these penalties by processing waste, increasing bin capacity,
and improving recycling efficiency. Upgraded recycling centers also reduce waste produced
by happiness buildings, further stabilizing the city’s well-being.

Resource buildings (including supermarkets, hospitals, schools, and energy factories)
are essential to maintaining population baseline happiness. If any of these are absent, the
city suffers a penalty of losing two happiness points per round for each missing building.
When present, each building contributes two happiness points per round. These effects
can be further enhanced through recycling upgrades: for example, supermarkets gain an
additional one to two happiness points when plastic or organic waste recycling is active,
hospitals benefit from textile and medical waste recycling, schools improve through paper
and textile recycling, and energy factories gain bonuses from metal and electronic waste
recycling. These synergies emphasize the link between sustainable resource management
and overall happiness.

Buildings that increase happiness (such as restaurants, gas stations, playgrounds, and
stores) provide a direct increase in happiness score but at the same time produce waste.
Each building contributes two happiness points but also generates three units of waste.
The waste can be reduced by one unit through recycling system upgrades, although such
upgrades do not enhance the happiness itself. This balance forces players to consider not
only how to increase happiness, but also how to offset the waste consequences of doing
so. Figure 2 presents the game at a later stage with upgraded buildings as well as resource
buildings and budlings for increasing happiness levels. Additionally, it presents the waste
carrier truck picking the garbage from the trashcans transferring them into recycle facility.

The building types and the game rules in “Bin There, Built That” were designed
to create a meaningful connection between the card-strategy mechanics and real-world
recycling and pro-environmental sustainable behaviors. Each building in the game (houses,
resource buildings, and happiness-increasing buildings) was chosen to represent key
aspects of urban management, including population growth, resource allocation, and
waste production and management. The rules governing their construction, upgrades,
and interactions emphasize the consequences of unsustainable practices: for example,
unchecked population expansion or failure to provide recycling facilities leads to increased
waste and a decline in overall city happiness.

The card-draw and turn-based mechanics encourage strategic planning, requiring
players to make decisions that balance growth with environmental responsibility. By
linking happiness directly to the adequacy of resources and effectiveness of waste manage-
ment, players experience firsthand how sustainable decisions affect overall city well-being.
Recycling facilities and upgrades are embedded within the gameplay to reinforce cause-
and-effect relationships.



Electronics 2025, 14, 4931 5 of 12

 

Figure 2. Game at advanced level with many buildings created around the board.

Overall, the game’s design simulates real-world trade-offs in a simplified but mean-
ingful way, allowing players to internalize sustainability principles through interactive
decision-making. The rules and building types are thus not arbitrary; they were specifi-
cally designed to create an educational experience where players’ strategic choices reflect
the challenges of balancing population needs, resource management, and environmen-
tal responsibility. This alignment ensures that the “Bin There, Bult that” card-strategy
game supports learning objectives related to recycling behavior and pro-environmental
urban planning.

The player loses the game if the happiness score remains below 40 for more than
five consecutive rounds. Poor waste management and lack of recycling can also lead to a
rapid decline in happiness, ultimately resulting in the collapse of the city. Consequently,
success depends on the player’s ability to balance population growth, waste reduction, and
resource availability. These interconnected systems make the gameplay both challenging
and rewarding, encouraging players to think strategically about pro-environmental sus-
tainability, resource use, and environmental responsibility while striving to achieve the
highest happiness score possible.

2.2. Game Development

The game was developed in Unity using AR Foundation, enabling physical-digital
interactions through the mobile touchscreen. The game utilizes the platform’s default plane
detection, which is SLAM for Android. Visual feedback is provided for the detected planes,
and once the user places the board, users have the option to hide it. The board is then
anchored to a fixed world location, and plane detection continues in the background to
enhance environmental understanding and improve tracking stability.

Players interact with the virtual board by dragging and placing cards, with each turn
terminating when a card is played. Visual assets for buildings and cards were created in
Blender and integrated to ensure a clear and aesthetically pleasing presentation. Anima-
tions enhance the gameplay by providing visual feedback when buildings are spawned or
upgraded, adding a sense of “action” to the otherwise turn-based mechanics. Gameplay
elements, including cards, buildings, and their properties, were defined using Scriptable
Objects for scalability and ease of modification. Waste management is represented dynami-
cally through a garbage truck that traverses the board at the end of each turn, collecting
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waste from bins and transporting it to recycling facilities; the truck remains inactive if no
recycling facility exists, reinforcing the importance of proper waste infrastructure in the
game. Iterative playtesting was conducted to ensure that the mechanics, visual feedback,
and AR interactions were intuitive and engaging for players.

2.3. Game Evaluation

To assess the initial usability, engagement, and learning potential of the game, a small-
scale study within the Natural Interactive Learning Games and Environments Lab—Nile
lab (https://nile.hmu.gr/, accessed on 31 October 2025) was conducted. The study aimed
to provide formative insights into gameplay mechanics, AR interactions, and the clarity of
educational content, rather than measuring long-term learning outcomes. Game usability
and engagement were evaluated using the in-game Game Experience Questionnaire (GEQ).
In-game GEQ is a standardized short questionnaire consisting of 14 quantitative items
that assess the player’s experience and emotions. It is an effective tool for assessing
game experience at multiple intervals after a game session, comprising seven components,
mirroring those of the original GEQ questionnaire. Two items are used to assess each
component, which are competence, Sensory and Imaginative Immersion, Flow, Tension,
Challenge, Negative Affect and Positive Affect [19].

Participants were students, teachers, or research assistants who were asked to partici-
pate in the study via email, social media, or direct contact on campus. The participants were
informed about the study’s objectives and provided informed consent before completing
the questionnaire, which was provided by Google Forms. To protect their privacy, the
study did not request personal identification information, and all collected data remained
anonymous. Participants were allowed to use their own devices or to borrow one provided
by the research team. The research team offered a device for the evaluation, while partici-
pants with their own could perform the evaluation remotely. The study was conducted in
an uncontrolled environment, meaning participants engaged with the application in their
natural environments rather than a controlled laboratory setting. The application addressed
Android devices, and participants could download and install it through a shared Android
Package Kit (APK) file. After exploring and interacting with the application’s activities,
participants completed the GEQ scale and an additional qualitative survey including the
questions presented in Table 1, allowing us to obtain a deeper understanding of participants’
insights and experiences beyond the structured questionnaire.

Table 1. Qualitative Questions.

Qualitative Questions

What did you enjoy most about the gameplay?
Were there any features or mechanics that you found particularly engaging or difficult
to use?
What aspects of the game did you find confusing or frustrating?
What improvements would make the gameplay more enjoyable for you?
Were there any moments where the AR felt especially impressive or disappointing?
What features would you like to see added or improved in the game?
If you could redesign one part of the game, what would it be and why?
Final Thoughts

3. Results
A total of 8 participants (62.5% male and 37.5% female), aged between 24 and 49, took

part in the pilot evaluation study. Study included a convenience sample of students and
teachers/research collaborators that was deliberately chosen based on participants’ literacy
in information technology and previous experience with serious games. Those character-

https://nile.hmu.gr/
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istics enabled the participants to provide a comprehensive review of the game’s design
aspects, identify inconsistencies, and uncover potential usability or interaction issues.

Each participant received a brief introduction to the game and its objectives, followed
by a play session of approximately 10 min to validate interface design, navigation, stability,
and overall user experience. During gameplay, participants interacted with the virtual
board via the mobile touchscreen, playing cards, managing resources, and observing the
effects of waste and recycling mechanics. Evaluation focused on players’ understand-
ing of the rules, engagement with the AR interface, and ease of managing happiness
and resources.

After the play session, participants completed the evaluation survey. The GEQ tool
assessed players’ subjective experience across seven dimensions: Immersion, Flow, Compe-
tence, Challenge, Tension, Negative Experience (Boredom), and Positive Affect. Fourteen
items rated on a 5-point Likert scale (1 = not at all, 5 = extremely) were administered to
eight participants. For the quantitative analysis (see Table 2), we computed the average
(Avg), standard deviation (SD), and standard error (SE) for each question using NumPy and
visualized the results with Matplotlib.pyplot (3.10.0). All computations were performed
in Google Colab, which provided a convenient and reproducible environment for data
processing and visualization.

Table 2. GEQ results (Average-Avg, Standard Deviation-SD, and Standard Error-SE).

Question Avg SD SE

1. I was interested in the game’s story. 4 0.756 0.267
2. I felt successful. 3.75 1.035 0.366
3. I felt bored. 1.88 1.126 0.398
4. I found it impressive. 3.88 1.126 0.398
5. I forgot everything around me. 3.00 1.512 0.535
6. I felt frustrated. 1.62 0.916 0.324
7. I found it tiresome. 1.88 1.356 0.479
8. I felt irritable. 1.88 0.991 0.350
9. I felt skillful. 2.88 1.458 0.515
10. I felt completely absorbed. 3.38 1.408 0.498
11. I felt content. 4.12 0.835 0.295
12. I felt challenged. 3.12 1.458 0.515
13. I had to put a lot of effort into it. 1.88 1.126 0.398
14. I felt good. 3.88 0.835 0.295

According to the results, the players overall experience in “Bin There, Built That: The
Game” was generally positive across GEQ dimensions. Immersion (Questions 1, 4, 5, 10)
scores were moderate (M = 3.52), suggesting that players were interested in the game’s
story and experienced a reasonable sense of absorption. Flow (Questions 10, 11, 14) was
relatively strong (M = 3.80), indicating that players often felt content, good, and absorbed
during gameplay. Competence (Questions 2, 9) levels were above the midpoint (M = 3.31),
implying that players felt moderately skilled and successful. Challenge (Questions 12, 13)
scores were low (M = 2.00), suggesting that the game did not require substantial effort and
was not perceived as difficult. Negative affect/Tension (Questions 6, 8) was also very low
(M = 2.00), with players rarely reporting frustration or irritability. Boredom (Questions 3, 7)
indicators were similarly low (M = 1.88), showing that the game-maintained players’
interest throughout. Positive effect (Questions 11, 14) was the highest-scoring dimension
(M = 3.94), indicating that players generally had a satisfying and enjoyable experience
(Figure 3). Overall, the GEQ results suggest that the game produced a pleasant, low-stress,
moderately immersive experience with strong positive emotional outcomes.
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Figure 3. Diagram presenting the mean response value per GEQ question (with Standard Error).

Participants also provided open-ended feedback on their understanding of the game
mechanics, clarity of educational content, and AR interactions. This mixed-method ap-
proach allowed for a quick yet informative assessment of player experience and the educa-
tional potential of the game.

This pilot evaluation serves as an initial validation of the game prototype, providing
actionable insights into usability, engagement, and educational clarity, and guiding the
next stages of refinement and potentially larger-scale studies.

Using a thematic analysis, six themes were extracted from the qualitative responses,
offering insights into players’ experiences with the AR-based eco-friendly city-building
game. The first theme, Visual Appeal and Aesthetic Enjoyment, reflects the consistently
positive reception of the game’s graphical style, with participants praising the bright
colors, clear visuals, and satisfying animations that contributed to an engaging and playful
atmosphere. The second theme, Enjoyable Core Mechanics, describes players’ appreciation
of the simple yet rewarding interactions, such as dragging objects, placing buildings, and
upgrading structures, which were reported as particularly engaging once the mechanics
became clear. In contrast, the third and most dominant theme, Lack of Guidance and
Tutorial, highlights a major usability gap. Many players expressed confusion about the
game’s objectives, rules, and building requirements, indicating that the absence of an
onboarding mechanism significantly hindered their ability to progress and reduced overall
enjoyment. The fourth theme, AR Usability Challenges, reflects mixed experiences with
the AR component; while some participants found the AR board accurate and immersive,
others reported difficulties related to object placement, board stability, physical movement
within the play space, and, in isolated cases, motion discomfort. The fifth theme, Feedback
and Sensory Responsiveness, concerns the limited feedback provided by the system; players
noted the lack of sound effects, unclear responses to interaction attempts, and insufficient
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cues regarding changes in city happiness or successful upgrades, which collectively reduced
clarity and moment-to-moment satisfaction. Finally, the sixth theme, Desire for Feature
Expansion and Increased Complexity, illustrates participants’ interest in deeper gameplay,
including additional building types, more levels, improved environmental constraints,
moving characters, and refined AR navigation features. Overall, while the game concept
and aesthetic qualities were well-received, the findings indicate that user experience would
be significantly improved by addressing guidance, interaction usability, and feedback
clarity, thereby supporting more sustained engagement and deeper learning within the
AR environment.

4. Discussion
Due to their immersive narrative and interactive nature, serious environmental games

have significant potential to engage young audiences with complex future environmental
sustainability challenges by enabling them to play characters who must think strategically,
plan effectively, and make environmentally impactful decisions [20]. The most common
pattern in existing recycling games within the pro-environmental sustainability domain
involves structuring the game scenario around a central challenge that is divided into
a series of progressively more difficult missions [9]. Generally, the overall aim of these
games is to raise awareness, while at the same time they are designed to encourage shifts
in attitudes and promote behavioral change.

Comparison to prior state-of-the-art reveals a number of serious games specifically
designed to promote recycling behaviors; several representative examples are outlined
below. The game “Gaea” [11] is a serious game centered around the task of recycling virtual
objects spread around a virtual world. Upon recycling each item, players are provided
with information related to that object. The game supports team-based, competitive play,
aiming to influence specific pro-environmental behaviors. In the online serious game
“Garbage Dreams”, players are responsible for managing Cairo’s city waste starting with
one neighborhood, one factory, and one hungry goat. They have to build their recycling
empire and maximize profits by recycling as much waste as possible. Players can invest in
capabilities to recycle different types of materials, thereby enhancing their performance
and experiencing the consequences of those decisions within the game context [12].

In the “Dumptown Game”, the player’s role is a newly appointed city manager tasked
with transforming a heavily polluted and wasteful town into a sustainable community.
The game involves implementing up to ten waste reduction and recycling programs, each
with immediate visual and statistical feedback on the town’s environmental improve-
ment. Players must balance environmental outcomes with budgetary constraints, fostering
decision-making skills related to resource management, sustainability planning, and civic
engagement [13].

In contrary to the above environmental game initiatives, we chose to integrate AR
technology in the “Bin There, Built That: The Game” since it is proven that AR can sig-
nificantly increase user engagement in board games by combining physical and digital
elements [21] while at the same time enhancing retention and comprehension, reducing
frustration and improving immersion [22]. Both studies suggest that AR creates a more
interactive learning environment, which aligns with our goal of engaging students and
improving their understanding of recycling and sustainability concepts. Additionally, liter-
ature suggests that sustainable education can be enhanced with AR technology, fostering
more active participation and enhancing learning outcomes [23].

AR has also proven effective in simplifying complex educational content and making
it more accessible. The integration of AR in a board game for teaching computational
thinking showed a boost in students’ problem-solving abilities [24]. Similarly, another
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study demonstrated the potential of AR to improve waste sorting knowledge in Indonesia,
with positive user feedback indicating its effectiveness in environmental education [17].
Finally, “Wasteworld” is another AR game where players are tasked with identifying and
sorting virtual waste. Via AR animated trash bins placed in users’ rooms, it teaches children
about waste sorting in a playful and engaging way [25].

Our project builds on these by using AR to simplify and gamify the process of learning
about recycling and waste management, making it more accessible and engaging for chil-
dren via an AR card board game. In general, board games are identified as effective learning
environments for cultivating cognitive skills like problem-solving and teamwork, and AR
is shown to enhance these benefits [17]. Indeed, literature supports that integrating AR into
traditional game formats leads to a more interactive and engaging experience [21,24]. By
combining AR with a physical board game, our project seeks to enrich the learning process
and provide a more immersive educational experience in recycling. Additionally, AR in
board games enhances education (such as health-related learning), contributing to the over-
all effectiveness of AR in educational game design [26]. Hence, literature emphasizes the
impact of AR in learning environments even in difficult subjects such as chemistry [27], un-
derscoring its potential to foster increased engagement in all kinds of educational activities
including environmental education.

4.1. Limitations

This pilot study aimed to test the prototype version of the AR board game, utilizing a
convenience sample enrolling members of the academic society (university students, teach-
ers, researchers) who already possess higher technological literacy. The aim was to test
game mechanics and game balance while validating interface design, navigation, stability,
and overall user experience, which we considered essential prerequisites for responsibly
involving younger audiences. Hence, the small number of the study sample size along with
the lack of diversity in their background limits the generalizability of the findings, which
should be interpreted as preliminary indicators rather than strong evidence. Furthermore,
the pilot study focused on evaluating the game mechanics and overall game experience
and did not assess changes in participants’ environmental knowledge, attitudes or behav-
iors. A follow-up study involving a larger, age-appropriate and more diverse sample is
required to draw more robust and generalizable conclusions about the effectiveness of
the game mechanics and user experience satisfaction along with examining the game’s
effectiveness in enhancing environmental awareness and promoting pro-environmental
sustainable behaviors.

4.2. Future Work

Upon completing this study, the first important step is to refine and improve the
“Bin There, Built That: The Game” mechanics and gameplay according to the valuable
feedback received during the prototypes’ pilot study. Future work should aim to address
the limitations identified in the previous paragraph by providing a stronger and more
comprehensive evaluation method. A larger scale study involving a more diverse and
age-appropriate population is needed to enhance the generalizability of the findings and
provide a more comprehensive understanding of the game’s effectiveness both in terms of
usability but also of short term and long-term educational impact. This study should focus
on the games’ effectiveness in fostering environmental knowledge and pro-environmental
sustainable attitudes, offering valuable insights into the potential of AR-based games as
tools for environmental education and behavioral change.

Finally, based on participants’ feedback, future versions of the game should integrate
in-game tutorials and contextual guidance mechanisms. These features will provide clear
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instructions and support for new players, helping them understand game mechanics and
objectives more quickly, and enhance overall engagement and user experience.

5. Conclusions
The present study aimed to evaluate overall game experience and assess game mechan-

ics and balance of the “Bin there, Built That: The Game”, an AR turn-based card strategy
game designed to support environmental awareness in young audiences. Unlike prior AR
approaches, game innovation focuses on digital interaction and immersive game-based
learning, with the results of the prototypes’ pilot study indicating that the game produced
a pleasant, low-stress, moderately immersive experience with strong positive emotional
responses. However, the current research did not measure changes in users’ environmental
attitudes or behaviors. Future research is required to evaluate the game’s educational
impact and measure changes in environmental behavior, both short and long-term, to
prove that it is an easily accessible and highly engaging educational tool that can empower
young users to redesign the world by playing today for the cities of tomorrow.
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