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Abstract—Improving the energy efficiency and reducing the
CO. emissions are key strategic objectives for governments on
an international level. Although children represent the future
energy consumers and efforts have been made to enhance their
understanding of energy consumption, there is a lack of initiatives
focused on assessing children’s awareness regarding energy usage
at home and school. Serious games present a highly effective
approach to educate and raise children’s awareness about energy
production and consumption; they are widely used to simulate
real-world scenarios, inform or raise players’ awareness, and
stimulate their problem-solving abilities. Moreover, they assist
players in visualising their actions and intuitively exploring
different events. This paper discusses the development of a
serious game, the GreenMate game, which visually portrays the
daily activities and experiences of a primary school student. It
incorporates progressive levels to enhance comprehension and
knowledge of the diverse factors influencing the growing energy
crisis, as well as strategies for managing and mitigating them.
According to our experimental findings, the GreenMate game
can be used as a productive educational tool to effectively
foster desired changes in children’s behavior regarding energy
consumption.

Index Terms—children, energy efficiency, energy sustainability,
green energy, serious games

I. INTRODUCTION

ECARBONISING the power sector and delivering cost-

effective solutions for boosting the economy are key
strategies both on national and international levels. Children,
being the future energy consumers and producers (i.e. pro-
sumers) should be aware of how much energy they use from an
early age, e.g. which electrical appliances consume the most
electricity or how much they are charged for using them in
particular time periods [22].

While children can acquire knowledge about energy through
dedicated science modules or experiments at school, games
serve as a highly effective method to educate and train them
on efficient energy consumption. Games usually entail interac-
tions between independent decision-makers striving to achieve
their goals within a defined environment. Within the context
of a game, specific rules are in place, and players engage
in competition against their adversaries to accomplish their
respective objectives. However, not all games revolve around
competition; some involve players cooperating to achieve a
shared objective without individual goals. While games can be

played solely for enjoyment, there are specific games, known
as serious games [6], which possess a distinct and deliberate
educational purpose, prioritising learning over entertainment
[28].

The primary objective of serious games is to impart educa-
tion in diverse forms, with an emphasis on fostering skills such
as decision-making, critical thinking, and analytical abilities
among players [14], [1], [29]. Regardless of age, serious
games prove highly effective in teaching and training players,
efficiently communicating various concepts. These games not
only facilitate learning but also provide opportunities for
players to apply and demonstrate their acquired knowledge
throughout the gameplay [35], [16].

Given the pivotal role young minds play in shaping the
future of our planet, overlooking their specific needs in serious
games is a missed opportunity. For children aged 6-12 years,
their cognitive dimension involves understanding basic energy
concepts, climate change, and energy-saving behaviors. While
knowledge is crucial for informed decision-making, its direct
impact on pro-environmental actions can be limited. Emotional
responses, encompassing the affective dimension, reveal chil-
dren’s feelings towards energy waste and the consequences
of climate change, motivating energy-saving behaviors. This
emotional connection is essential for nurturing a sense of
responsibility and capability in forming energy-saving habits.
From a behavioral perspective, children’s abilities to make
informed energy decisions and adopt climate-friendly actions
are crucial. Developing energy-saving habits early on is key
for long-term adherence into adulthood. Lastly, the moral
dimension delves into children’s developing moral judgments
about energy waste and energy saving behavior. Even at a
young age, children begin to form morally-based views on
environmental harm, considering actions detrimental to nature
as morally incorrect. As they mature, concepts of fairness
and perspective-taking further develop, laying a foundation for
effective energy saving literacy education [22].

Therefore, this paper discusses the development of a serious
game, the GreenMate game, which was designed based on the
Six Facets of Understanding [18], the Bloom’s taxonomy [3]
and Kolb’s Learning Cycle [31] to increase players’ under-
standing of energy consumption and carbon emissions through
simple and daily scenarios. The primary objective of this
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game is to enhance players’ knowledge and comprehension
of energy conservation, empowering them to minimise energy
wastage effectively.

Our research questions were:

o RQI1: How can we design a serious game to effectively
raise awareness on energy consumption among children
in primary education?

e« RQ2: How effective can a serious game be in en-
hancing children’s knowledge and awareness of energy
consumption across various age groups and geographical
locations?

Accordingly, this paper is structured as follows. Section II
provides the motivation for our work and focuses on reviewing
serious games related to the energy sector. In Section III,
we detail the approach taken to design the GreenMate game,
integrating appropriate learning methodologies and give an
overview of the whole game. The results of our experiments,
highlighting positive impacts on various aspects of children’s
energy-related knowledge and behaviors, are presented in Sec-
tion I'V. Finally, Section V concludes our work with reflections
on the effectiveness of the GreenMate game as an educational
tool and provides insights for future development.

II. BACKGROUND & MOTIVATION

Over the years there have been many efforts and attempts
on national and international levels to help children understand
the concept of energy and how we use it in our everyday life.
Developing a solid understanding of energy consumption and
conservation can foster a deeper appreciation for the environ-
ment and contribute to the well-being of future generations.
At school, children can learn about energy through science
modules, experiments, books, and even artistic methods like
illustrations and sketches. Another highly effective approach
to educate and raise children’s awareness about energy pro-
duction and consumption is through serious games
citewu2020serious. Throughout the gameplay, players gain
new knowledge, hone their social skills, and practice decision-
making [5]. Additionally, they have the opportunity to show-
case what they have learned during the game, an achievement
that might be otherwise impractical in the real world due to
safety, cost, or time constraints [30], [25].

Serious games have found extensive use in the energy
sector [15], identifying key target areas aimed at fostering
environmental awareness and promoting sustainable behaviors.
These encompass environmental education, where individuals
are educated about relevant environmental topics and provided
with knowledge about specific behaviors. Additionally, serious
games in the energy sector aim to enhance consumption aware-
ness by increasing understanding of energy usage, spanning
both personal consumption and that within specific environ-
ments like households or offices. Furthermore, these games
seek to stimulate and evaluate energy efficiency behaviors,
encouraging the adoption of practices that effectively reduce
energy consumption. Through these targeted approaches, se-
rious games contribute to advancing environmental literacy
and promoting sustainable actions among individuals [19].
While serious games share similarities with simulation-based

learning, their defining characteristic lies in the incorporation
of competitive and entertainment elements aimed at engaging
players. This emphasis fosters emotional involvement, con-
trasting with the more impersonal approach often associated
with simulations and traditional learning techniques [7].

Social Mpower [4] is a serious game that challenges players
to prevent a collective blackout by synchronising and coor-
dinating their actions to reduce individual energy consump-
tion. In this game, players assume the role of consumers
confronted with real-world energy issues, and their objec-
tive is to avert blackouts by responsibly decreasing energy
usage while sustaining the Common-Pool Resource (CPR)
[20]. Players must collaborate to prioritise distribution in an
economy of scarcity, ensuring a fair allocation and sustaining
the community throughout the gameplay. A remarkable 72.4%
of all 87 players strongly agreed that Social Mpower is highly
effective as an educational tool, helping them to proactively
avoid potential energy problems in the future.

In the Loop [32] is a serious board game where participants
step into the shoes of manufacturing company CEOs, striving
to gather seven ‘Progress Points’ through efficient resource
management and product manufacturing. The primary goal of
the game is to foster experiential learning regarding material
criticality and Circular Economy (CE) principles. Operating
on a turn-based mechanism, the game is designed to deepen
players’ understanding of the advantages of CE methodolo-
gies by showcasing the origins, consequences, and potential
remedies for material criticality challenge.

EnerCities [8], a European initiative, presents a serious
gaming platform where participants are tasked with con-
structing sustainable cities. Starting with a small village and
limited land, players utilize a drag-and-drop interface to con-
struct diverse structures, including residential and industrial
zones, renewable and non-renewable energy sources, and green
spaces, facilitating city expansion. The primary objective is to
harmonize the needs of people, planet, and profit by ensuring
adequate electricity supply, implementing energy conservation
measures, reducing CO, emissions, and minimizing reliance
on fossil fuels. Players’ decisions have direct consequences
on their city’s performance in the areas of people, planet, and
profit. Successful gameplay unlocks additional city space and
strategic options, enabling players to experiment with different
approaches and observe the enduring results of their actions.
The duration of the game typically ranges from 15 to 45
minutes, determined by the strategies chosen by the player.

The objective of players in the NRG game [12] revolves
around the management of household energy consumption.
This entails responsibilities such as paying gas and electricity
bills, acquiring new appliances, generating energy through so-
lar panels or wind turbines, trading appliances for financial re-
turns, enhancing thermal or electric efficiency via investments
in insulation or smart meters, among other actions. Players are
provided with monetary resources over the course of the game,
simulating real-life income, enabling them to make purchases.
Following each game round, players can assess their per-
formance, including energy consumption, energy production
(if opted for), overall comfort levels, appliance and furniture
conditions, electricity and gas expenditure, and annual income.
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This data serves as the basis for analyzing player behavior and
attitudes towards energy consumption. The primary objective
of the serious game NRG was to explore rebound effects rather
than to specifically target behavior change. This aspect could
explain the relatively lower incorporation of Behavior Change
Techniques (BCTs) within the game’s framework [10].

Spent [26] is a text-based game which places the player
in the scenario of a single parent who is unemployed and
has recently become homeless. The gameplay commences
with the challenge of surviving on $1000 for the next month.
Upon securing employment, the player encounters a series of
decisions, including finding housing, paying for car insurance,
joining a union, and purchasing food. Each decision influ-
ences the player’s financial status, represented by a money
barometer. The challenge of the game lies in making choices
akin to those one would typically make in their own life
but within the constraints of the limited financial resources
available to the player. The Island [27] unfolds across five
cities, traversing eight seasons, where players navigate distinct
decision-making scenarios in each location. Detailed data
on weather conditions, such as sunlight and wind intensity,
informs the efficacy assessment of various energy stations,
including solar panels. Equipped with an initial budget, partic-
ipant groups collaboratively decide whether to expand hous-
ing options, choosing from alternatives with differing energy
efficiency profiles. Additionally, they engage in agricultural
endeavors, strategically selecting suitable regions for cultiva-
tion, and establish diverse industrial ventures. As each season
transitions, participants evaluate environmental repercussions,
gauging shifts in pollution levels alongside citizen satisfaction
following their decisions. The game intricately integrates eco-
nomic, environmental (climatic, soil conditions), and social
(energy infrastructure, housing, transportation, employment)
considerations, aligning with a wide array of Sustainable
Development Goals (SDGs).

Moreover, the game We Energy Change [21] aims to in-
crease awareness of the challenges related to providing cost-
effective energy from renewable sources to meet the needs of
an entire town. The primary objective is to create an optimal
and sustainable energy mix. Players have the responsibility to
negotiate, taking on their designated roles, to determine the en-
ergy sources to be employed and their suitable locations. The
ultimate aim is to convert the town into a self-sufficient and
energy-neutral community. The EVIDENT project! serves as a
case study, showcasing the practical implementation of social
strategies within serious games [9]. The data analysis empha-
sises the beneficial outcomes stemming from social strategies
such as peer comparison, collaboration, and competition. It
further delves into how social components in serious games
influence the advancement of energy-related behavioral shifts.
Finally, the power saver game [11] examines how competition
can influence household energy conservation. It considers
the attitudes, knowledge levels, and behavioral shifts among
participants who engage in the game both with and without
the competitive element. The integration of practical energy-
saving tasks and real-time feedback within the game enhances

Ihttps://evident-h2020.eu/

its effectiveness. Over an extended period, the findings reveal
a noteworthy 8% decrease in energy usage attributed to the
presence of competition. Path analysis validates the connection
between knowledge alteration, shifts in attitudes, and modifi-
cations in behavior.

In our analysis of similar games, as outlined in Table I, a
significant gap became evident. Most of these games fail to
cater to the specific needs and developmental stages of young
children, particularly those aged 6 to 12. To genuinely foster
energy awareness in young minds, games must be designed
with pedagogical considerations and age-appropriate content.
In response to these needs, the GreenMate game was enriched
with:

o familiar metaphors and relatable tasks to engage young

players effectively,

o timed interactive experiences mirroring real-life situa-
tions, fostering a sense of responsibility and empower-
ment,

e opportunities to witness the direct impact of energy
choices in a relatable context.

By incorporating these elements, GreenMate can bridge the
comprehension gap and facilitate a deeper understanding of
how seemingly simple energy decisions made in everyday life
can wield a profound impact on the environment.

III. THE GREENMATE GAME

GreenMate is a serious game designed to educate children
aged 6-12 about the growing concerns of energy wastage and
carbon emissions. The game serves as a virtual representation
of the daily life of a primary school student, integrating various
levels to enhance comprehension of the factors contributing to
the energy crisis and methods to manage and reduce them.
Grounded in established educational theories, the game aims
to provide a robust and effective learning experience that
goes beyond mere fact-based learning. Specifically, the game
design draws upon Piaget’s theory [24], emphasizing the active
construction of knowledge through interactions with the envi-
ronment. This theory informs engaging activities that enable
children to explore and experiment with energy-saving con-
cepts, fostering a deeper understanding of environmental sus-
tainability. Furthermore, our study was informed by research
on children’s energy literacy [2], recognizing them as pivotal
decision-makers for future sustainability. Despite their sig-
nificance and contribution, children remain underrepresented
in studies targeting household energy literacy enhancement.
We prioritized age-appropriate design principles, leveraging
children’s inherent interest in exploring nature-based themes
and engaging activities like sorting out recyclables, to foster
energy literacy effectively. As children aged 6 to 12 undergo
a significant transition in their social orientation and logical
categorization skills [23], our game design integrates real-
time monitoring features [34] for energy consumption. This
is facilitated through a ’tree buddy,” where the color-changing
leaves serve as visual indicators of energy use, along with
the monitoring of various appliances. These elements were
integrated to provide gameplay scenarios that closely mirror
real-life situations, enhancing the relevance and effectiveness
of the serious game experience.
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TABLE I: A Comparative Summary of GreenMate and Other Games/Studies

Game/Study Participants | Prior Real- Efficient Decision- Real-Time Behavioral
Knowledge World Resource Making Feedback Change
Required Energy Management
Issues
Social Adults No Yes Yes Yes Yes Yes
Mpower [4]
In the Loop | Adults Yes Yes Yes Yes No Yes
[32]
EnerCities Teenagers No Yes Yes Yes No Yes
(8]
NRG [12] Adults No Yes Yes Yes No Yes
Spent [26] Teenagers Yes No Yes Yes No Yes
The  Island | Adults Yes Yes Yes Yes No Yes
[27]
We  Energy | Adults No Yes Yes Yes Yes Yes
Change [21]
EVIDENT! Adults No Yes No No Yes Yes
Power Saver | Teenagers Yes Yes Yes Yes Yes Yes
Game [11] + Adults
GreenMate Children No Yes Yes Yes Yes Yes

A. Design Process

The design process for GreenMate was a systematic ap-
proach that incorporated established educational theories and
iterative feedback to ensure the creation of an engaging and
effective learning experience. The process unfolded through
the following key stages:

o Identifying Target Audience and Learning Objectives:
We explored relevant literature to better understand the
educational needs, preferences, and learning styles of our
target audience concerning energy efficiency education
[22]. Recognizing the diverse cognitive development and
attention spans among children aged 6-12, we tailored the
game’s content and mechanics to be both engaging and
age-appropriate. Guided by the Six Facets of Understand-
ing, Bloom’s Taxonomy, and Kolb’s Learning Cycle, we
laid the foundation for GreenMate’s design.

o Conceptualization and Storyboarding: A conceptual
framework was developed to define the game’s theme,
tasks, and gameplay mechanics.

o lterative Design and Prototyping: The design involved
iterative cycles of prototyping and user testing. Feedback
from 8 children, 5 parents, and 3 gaming experts was
instrumental in refining game mechanics, user interface,
and educational content to optimize the game’s effective-
ness in imparting educational outcomes.

« Integration of Educational Frameworks: Educational the-
ories and methodologies (i.e., Six Facets of Understand-
ing, Bloom’s Taxonomy and Kolb’s Learning Cycle) were
seamlessly integrated to amplify the learning experience.
The Six Facets of Understanding guided the design of in-
terface features and mini-games, enhancing players’ com-
prehension of energy consumption and carbon emissions.
Bloom’s Taxonomy facilitated the progression from basic
to higher-order cognitive learning, promoting a holistic
grasp of energy saving practices. Kolb’s Learning Cycle
addressed diverse learning styles, ensuring an inclusive
and engaging learning platform.

e Evaluation and Validation: Usability testing was con-
ducted with 5 children using the think-aloud method

to assess the game’s usability and engagement levels.
Insights obtained from these evaluations were crucial in
further refining GreenMate’s design, ensuring its align-
ment with educational goals.

B. Learning Methodologies

Integrating different learning methodologies into the in-
terface design of the GreenMate game plays a pivotal role
in creating effective educational experiences for our players.
These learning methodologies helped us design an interactive
and engaging serious game that caters to diverse learning styles
and enhances knowledge retention.

1) Six Facets of Understanding: Six Facets of Understand-
ing [33], [17] represents an educational planning approach
that prioritises teaching for comprehension. It exemplifies
backward design principles, emphasising the examination of
outcomes before formulating curriculum units and classroom
instructions. Unlike Bloom’s taxonomy, which was designed
with an emphasis on educators, these six facets [18] were
meticulously developed with a keen understanding of chil-
dren’s psychology and thought processes as a whole.

Table II explains the different Facets of Understanding, and
how they have been integrated in the GreenMate game. In
GreenMate, players are presented with a series of tasks as they
progress through various mini-games that depict the daily life
of a primary school student. A dialogue box appears at regular
intervals to provide guidance on the correct path and the next
set of moves. The Six Facets of Understanding are conceived
as six equal and suggestive indicators of comprehension.
The interface and mini-games of the GreenMate game have
been thoughtfully designed based on these Six Facets of
Understanding. These facets have been translated into appro-
priate interface features, creating a simple, daily scenario that
enhances players’ understanding of energy consumption and
carbon emissions. The primary objective of all mini-games is
to instill knowledge and understanding of energy preservation,
along with strategies to minimise energy wastage.

2) Bloom’s Taxonomy: Bloom’s Taxonomy [3] goes beyond
being a mere measurement tool for assessing the level of



JOURNAL OF IEEE TRANSACTIONS ON GAMES

TABLE II: Visualization of Six Facets of Understanding in Teaching & GreenMate Game

Facets Visualisation in Teaching Visualisation in GreenMate

Explanation To ensure students understand why an an- | Players are given a message prompt that asks them to consider
swer or approach is the right one. “why is this energy wastage?”

Interpretation To ensure students avoid pitfalls and demand | Players are provided with a task aimed at reducing energy con-
answers that are principled. Students are | sumption, based on the earlier explanation. For instance, they are
able to encompass as many salient facts and | given time to comprehend that turning off the oven after the timer
points of view as possible. goes off will help decrease energy usage.

Application To ensure students’ key performances are | The game incorporates decision-based tasks, requiring players to
conscious and explicit reflection, self- | make informed choices aimed at reducing energy consumption. For
assessment, and self-adjustment, with rea- | example, players might be presented with the option to travel from
soning made evident. their houses to school either by car or by bicycle.

Perspective To ensure students know the importance or | Various stages within the game offer players a broader perspective
significance of an idea and to grasp its im- | of knowledge. For instance, players receive tasks set in different
portance. rooms of their houses and encounter diverse levels, such as the

house, school, and farm.

Empathy To ensure students develop the ability to see | Players are assigned tasks with a focus on the welfare of the entire
the world from different viewpoints in order | community rather than just individual benefits. For example, they
to understand the diversity of thought and | might be asked to decide between using a bicycle or a car to travel
feeling in the world. from their houses to school, considering that cars produce more

pollution, which can have negative effects on the community.

Self-Knowledge To ensure students are deeply aware of the | During the gameplay, certain tasks are repeated across various
boundaries of their own and others’ under- | levels to assess players’ self-knowledge. Additionally, at the end
standing. of the gameplay, players are presented with a questionnaire.

understanding in learning through instruction. Instead, it serves
as a comprehensive method for assessing the alignment of ed-
ucational objectives, activities, and assessments within a unit,
course, or curriculum. This taxonomy categorises learning into
three behavioral domains: cognitive, affective, and psychomo-
tor, with particular emphasis on the cognitive domain due to its
wide-ranging applicability in primary, secondary, and tertiary
education. In GreenMate, these three domains encompass
a total of six major categories; knowledge, comprehension,
application, analysis, synthesis, and evaluation. Advancement
to the next level relies upon successfully completing each
preceding level.

By structuring the game’s activities and challenges accord-
ing to Bloom’s taxonomy, we aimed to facilitate players’
progression through different levels of cognitive learning, ul-
timately leading to a comprehensive understanding of energy-
saving practices and their environmental impact. We believe
that this approach enriches the learning experience within
GreenMate and reinforces sustainable behaviors, empowering
players to make positive changes in their real lives. Table III
shows the incorporation of Bloom’s taxonomy in GreenMate.

3) Kolb’s Experimental Learning Theory and Learning
style: Kolb’s learning theory [31] emphasises the significance
of experience in the process of knowledge creation, as learning
is achieved through active engagement and discovery. The
theory is comprised of two main components. Firstly, it
introduces a four-stage cycle that outlines the learning process.
Secondly, it focuses on learning styles, which refer to the
cognitive processes involved in acquiring knowledge. Learners
integrate new observations with their existing understanding
during each encounter, ideally progressing through each of
Kolb’s four stages of learning. Integrating Kolb’s learning
theory into GreenMate can create a more positive and effective
learning experience for our players.

e Concrete Experience: tasks (i.e., turning off lights or
appliances, choosing the most energy-efficient mode of
transportation) that simulate real-life situations related to

energy consumption; managing energy use in the home,
school, or community.

e Reflective Observation: in-game feedback and visuals
such as change in the color of the trees’ leaves to help
players assess the impact of their choices on energy
consumption and carbon emissions.

o Abstract Conceptualisation: provides players with in-
formation and knowledge about energy-saving practices
through pop-up messages and interface cues. Abstract
conceptualisation helps players connect energy-saving
concepts and understand their interrelationships.

o Active Experimentation: encourages players to test and
apply their energy-saving knowledge in new situations
and challenges within the GreenMate game.

By integrating Kolb’s learning theory and addressing dif-
ferent learning styles, GreenMate caters to a diverse audience
and offers a more personalised and effective learning experi-
ence. Players can develop a deeper understanding of energy
conservation and be inspired to adopt sustainable practices in
their real lives. Table IV shows the incorporation of Kolb’s
Learning Theory in GreenMate.

C. Design & Implementation of GreenMate

In GreenMate, players are tasked with navigating various
environmental challenges while learning about sustainable
energy practices. The primary objective is to educate play-
ers about energy conservation principles through engaging
gameplay mechanics and narrative-driven tasks. Players must
manage resources efficiently, make informed decisions, and
adopt sustainable habits to progress through the game. Green-
Mate’s development is organized around the MDA framework
[13] which stands for Mechanics, Dynamics, and Aesthetics,
and it is used in game design to categorize different aspects
of gameplay: Mechanics — The rules and systems govern-
ing the game; Dynamics — The interactions and experiences
that emerge during gameplay; Aesthetics — The emotional
responses and player experiences evoked by the game. The
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TABLE III: Visualization of Bloom’s Taxonomy in Teaching & GreenMate Game

Facets

Visualisation in Teaching

Visualisation in GreenMate

Knowledge

Foundational cognitive skills, the retention
of specific information like facts, definitions
or methodologies in a step-by-step process.

Players are provided with factual information regarding energy-
saving practices and their environmental impact. They receive
immediate feedback regarding the potential outcomes of specific
game tasks. For example, the color of their tree buddy changes
in real-time based on the amount of energy saved or wasted,
offering visual cues to reinforce learning and encourage sustainable
behaviour.

Comprehension

One can demonstrate comprehension by
rephrasing the content in their own words,
categorising items into groups, making com-
parisons and contrasts with other similar
entities, or effectively explaining a principle
to others.

Players showcase their understanding by participating in tasks such
as classification exercises, where they have to differentiate between
different recyclable materials and correctly identify their respective
bins.

Application

Use knowledge, skills, or techniques in new
situations.

Players use what they have learned to make smart choices that
help save energy in different situations throughout the game. For
example, they might decide whether to turn off lights when leaving
a room or to unplug electronic devices when not in use, all based
on what they have learned about energy conservation.

Analysis

The ability to differentiate between fact and
opinion.

In GreenMate, players encounter various scenarios where they
need to decide how to best conserve energy. For example, they
are presented with a choice between using a bicycle or a car to
travel to school. By analysing the options and considering factors
such as fuel consumption, emissions, and physical activity, players
can make informed decisions to minimise energy consumption and
contribute to a more sustainable environment.

Synthesis

Generating an original product within a par-
ticular context or scenario.

In GreenMate, players engage in tasks that encourage them to
generate original solutions within specific scenarios to promote
energy efficiency. For example, players are tasked with getting
ready for school in the morning. As part of this task, they are
challenged to find ways to make their morning routine more energy-
efficient. This could involve turning off lights and appliances not
in use while getting ready, using energy-efficient appliances to
prepare breakfast, and planning their route to school to minimise
transportation energy consumption. By creatively addressing en-
ergy efficiency within the context of their morning routine, players
learn valuable skills and contribute to a more sustainable lifestyle.

Evaluation

To guarantee students have a profound
awareness of the limits of their own and
others’ understanding.

In GreenMate, we aim to assess players’ learning progress and
understanding of energy-saving concepts through the use of ques-
tionnaires. Before starting the gameplay, players are presented with
a pre-game questionnaire designed to assess their baseline knowl-
edge and awareness of energy saving practices. After completing
the gameplay, players are provided with a post-game questionnaire.
This questionnaire is designed to assess how the gameplay expe-
rience has influenced their understanding and behavior regarding
energy conservation.

TABLE IV: Visualization of Kolb’s Learning Theory in Teaching & GreenMate Game

Facets

Visualisation in Teaching

Visualisation in GreenMate

Concrete Experience

Engaging in or having an experience

Players are offered a positive experience
while performing specific game tasks. For
example, they can witness the water running
and overflowing, and they can also see it
stopping when they close the tap.

Reflective
Observation

Reviewing or reflecting on the experience

Players have to complete a questionnaire
consisting of reflective questions and addi-
tional decisions based on their reflections
from the previous tasks.

Abstract Conceptual-
ization

Concluding or learning from the experience

The questionnaire at the end of the gameplay
aids the players in summarising and consol-
idating their learnings.

tion

Active Experimenta-

was learned.

Implementing or experimenting with what

New tasks are designed based on the previ-
ous conceptualisation. For example, players
are given different items to sort into separate
waste bins based on the type of waste each
item belongs to.
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implementation of the MDA framework facilitated the conver-
gence of game design, development, criticism, and technical
research of GreenMate. Moreover, we integrated narrative to
elevate the overall gaming experience.

The aesthetic features of GreenMate are designed to im-
merse players in a captivating audio-visual experience. For
example, players encounter visually stunning landscapes such
as a farm and vibrant environments as they explore the game
world. Furthermore, the use of dynamic lighting effects and
atmospheric sound design enhances the overall ambiance, elic-
iting emotional responses that reinforce the game’s thematic
focus on sustainability and environmental awareness. The
game’s narrative unfolds as players progress through a series
of tasks aimed at reducing energy consumption. For instance,
players start their journey by getting ready for school, followed
by tasks such as arriving at school and visiting a farm. These
tasks are seamlessly integrated into the narrative, guiding
players through a story-driven experience that underscores the
importance of energy conservation in everyday life.

Drawing upon game-based learning theories such as the
Six Facets of Understanding, Bloom’s Taxonomy and Kolb’s
Learning Cycle, GreenMate’s mini-games are designed to
facilitate understanding of energy conservation principles. For
example, tasks within the mini-games are structured to align
with theories such as experiential learning, where players
actively engage with concepts through hands-on activities. Ad-
ditionally, feedback mechanisms are implemented to provide
players with opportunities for reflection and reinforcement of
learning outcomes.

To assess player experiences, GreenMate employed com-
prehensive questionnaires aimed at capturing feedback and in-
sights. The post-questionnaire included metrics such as player
engagement, satisfaction, and perceived learning outcomes.
For example, players were asked to rate their level of enjoy-
ment and understanding of energy conservation concepts after
completing various tasks within the game. This data was then
analyzed to inform iterative improvements and optimizations
to enhance the overall gaming experience. GreenMate incorpo-
rates dynamic systems that respond to player inputs and inter-
actions in real-time. For instance, players face challenges such
as timed supply of water or dialogue prompts for decision-
based tasks, which dynamically adjust based on their actions
and choices. These dynamic elements create an engaging and
interactive experience, where players must adapt to changing
circumstances while learning about energy consumption and
conservation.

In GreenMate, mechanics encompass the various compo-
nents that define player interactions within the game world.
These include elements such as data representation, algo-
rithms, and control mechanisms. Players navigate through
the game environment using specific keyboard inputs, such
as arrow keys for movement and the ‘E’ and ‘L’ keys for
interaction with objects or non-player characters (NPCs). For
example, players can use the arrow keys to traverse the envi-
ronment, while the ‘E’ key enables interaction with objects like
turning off lights or adjusting energy-consuming appliances.
Moreover, the mouse pointer facilitates menu navigation and
interaction with on-screen elements.

One of the standout features of GreenMate is its inte-
gration of real-time feedback from NPCs such as the tree
buddy companion. This unique mechanic provides players
with immediate insights into their energy consumption habits,
allowing for dynamic adjustments and personalized learning
experiences. These mechanics are integral to empowering
players, enabling them to actively engage with the game’s
challenges and make informed decisions regarding energy
usage and preservation. By providing intuitive controls and
responsive gameplay mechanics, GreenMate fosters a sense
of agency and immersion, encouraging players to explore and
interact with the game world while learning about sustainable
energy practices.

D. The mini-games

The development of the mini-games is divided into four
main components; mechanics, dynamics, aesthetics, and nar-
rative. Mechanics and narrative remain consistent across all
three mini-games, as they govern the player’s movements
and the game’s underlying purpose, respectively. The player’s
movements are controlled by the mouse pointer and arrow
keys, while specific keys are introduced to assist in task
completion and enable exiting the game at any given time.

In GreenMate, there are 3 different mini-games:

o 1%' mini-game — The house: In this mini-game, the
player navigates around their house to prepare for school,
and engages in various activities such as brushing their
teeth, turning off the bedroom lights and shutting down
the computer before leaving the room, having a healthy
breakfast, and selecting an energy-efficient mode of trans-
portation to reach their school (see Figure 2). Each
activity is presented as a challenge, aimed at teaching
the player the significance of energy conservation and
imparting knowledge about the carbon emissions associ-
ated with specific household items. The key areas within
the house — kitchen, bathroom, bedroom and garage — are
identified to create engaging tasks for the player. Message
prompts are introduced throughout the game interface to
provide players with the necessary knowledge for making
well-informed decisions as they progress through the
tasks.

The interpretation and application of concepts are woven
into the development of motive and decision-based tasks.
To create a diverse perspective, different levels of the
game were mapped to various rooms or spaces, enabling
players to gain a new perspective with each set of tasks.
Finally, GreenMate ensures that all tasks are designed
to foster personal growth and community involvement,
imparting empathy to players. To gauge self-knowledge,
some tasks are repeated in the mini-game. The initial set
of tasks takes place in the bathroom, encouraging players
to minimise water usage for basic hygiene. Timers and
energy tokens are used to maintain awareness of their
actions. Subsequently, players are presented with tasks in
the bedroom and kitchen, such as turning off lights when
leaving and checking the oven when timed out. Subse-
quently, players are required to make a choice between
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using a car or a bicycle to commute to school. Each of
these tasks is emphasised through various interface cues,
such as illuminated screens and lamps, real-time water
flow in the bathroom, visual representations of vehicles
and laptop, and virtual food to be consumed.

o 2" mini-game — The school: In this mini-game, the

player navigates through a school environment and en-
deavors to complete an upcoming exam. Afterward, they
must exit the school premises while ensuring that electri-
cal appliances such as lights, computers and projector
are turned off, the water cooler pump is shut down
when not in use and the classroom door is closed before
operating the air conditioner to avoid unnecessary usage
(see Figure 3). Knowledge is imparted to the players
through in-game conversations between an avatar and the
player, conveyed through message prompts displayed on
the interface.
In this mini-game, our primary focus is on reducing
energy consumption by addressing incandescent lights
and other electrical appliances, while the water cooler
pump and projector exemplify community-based energy
consumption reduction tasks, fostering empathy among
players. Players gain comprehension of this knowledge
through guided task completion, which involves switch-
ing off classroom lights while leaving the classroom or
when they are not in use. Moreover, the act of switching
off computers that are not in use is a recurring task,
similar to turning off the computer in the first mini-game,
thereby instilling the value of self-knowledge among
players. To assess players’ understanding of the learned
concepts, we introduce new tasks that revisit previous
lessons, such as switching off the water cooler when
not in use. Finally, we reach the evaluation stage, where
players are presented with a comprehensive questionnaire
to capture their gaming experience and thoughts.

o 3"¢ mini-game — The farm: In this mini-game, the player
explores a farm setup and undertakes a series of tasks that
involve making energy-aware decisions such as closing
the water pump to save overflowing water and selecting
an appropriate color-coded dustbin for garbage disposal,
such as the biodegradable farm waste bin (see Figure 4).
To provide players with a genuine experience of working
towards reducing the farm’s carbon footprint, we empha-
sise the importance of water conservation. For instance,
we present them with an overflowing water tank and give
them control to switch off the tap, enabling them to save
water. During the gameplay, a clock counts the energy
tokens used or wasted, encouraging players to reflect and
gain a deeper understanding of the concept. Furthermore,
we engage players in a similar yet distinct task where
they encounter an overflowing field and must figure out
how to close the water turbine to prevent water wastage.

Each interface feature serves a distinct and valuable purpose,
focusing on specific aspects of learning during the gameplay.
In GreenMate, a range of interface cues is incorporated to help
children understand that their individual actions collectively
influence the environment. Each of these interface cues is

Fig. 1: Players’ actions influence the trees’ leaves color

carefully designed with the help of the following components:

o Visualisation: plays a pivotal role in conveying important

information to the players, enhancing the gaming ex-
perience and improving understanding of energy-related
concepts. Each task and mini-game is thoughtfully crafted
to replicate everyday life scenarios; lights turning on
and off, appliances in operation, and water flow in taps.
Appliances and vehicles in the game are labeled with
energy efficiency ratings, guiding the players to make
more environmentally friendly choices. Moreover, the
game features a visual representation of a tree that
dynamically transforms based on the player’s actions.
When players make energy-efficient choices, the color
of the leaves changes from brown to green.

Feedback: provides valuable information and responses
to the player’s actions and decisions related to energy
conservation. The game provides immediate feedback to
players as they make energy-aware choices; feedback
comes in the form of visual cues such as the color of the
trees’ leaves and educational messages, reinforcing pos-
itive actions or cautioning against wasteful behavior. At
the end of each mini-game, players receive a performance
message outlining their energy-saving achievements and
areas for improvement. Players are encouraged to fill out
two questionnaires — one before starting the game and
another after playing it — to reflect on their overall un-
derstanding of energy consumption and their experience
with the gameplay.

e Incentives: are designed to motivate and reward players

for adopting energy-saving behaviors and making sus-
tainable choices. GreenMate’s incentives enhance player
engagement and encourage them to actively participate
in the game. Players witness tangible environmental im-
provements within the game (i.e., change in the color
of the trees’ leaves (see Figure 1)) as a result of their
energy-saving efforts. At the completion of each task and
upon reaching the next level, players receive congratula-
tory messages, instilling a sense of joy and motivation
to continue playing the game. Acknowledging players’
energy-saving achievements within the game fosters a
sense of belonging and recognition for their efforts.
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Fig. 2: Mini-game 1: The house

Fig. 4: Mini game 3: The farm

IV. RESULTS & ANALYSIS
A. Experimental Setup

The objective of the GreenMate project is to investigate
the effectiveness of a serious game in educating children
aged 6-12 years about energy conservation and its environ-
mental implications. The game aims to increase the players’
knowledge, awareness, and motivation to adopt energy-saving
behaviors in their daily lives. A diverse group of 36 children
aged 6-12 years participated in the study, comprising 21
boys and 15 girls. The age distribution was as follows: 12
children aged 6-7 years, 14 children aged 8-9 years, and 10
children aged 10-12 years. Participants represented various
geographical backgrounds, including India, Greece, and the
UK (Table V). They had access to the game for a designated
period of one week. Ethical approval was obtained before
the study, and consent forms were signed by all parents or
legal guardians of the participants, granting permission for
their child’s involvement in the study. Participants’ privacy
and confidentiality were strictly maintained throughout the
research process.

TABLE V: Participants Demographics

Gender Age Nationality
6-7 89 10-12 | India Greece UK
Male 8 7 6 10 6 5
Female 4 7 4 5 6 4

GreenMate is a single-player web-based game accessible
on desktop and mobile devices designed with an approximate
gameplay duration of 30 minutes. The game starts promptly
after the players receive their initial instructions, guiding them
on how to play the game and comprehend its main objective.
However, there is no time limit, allowing players to complete
tasks at their own pace. The game environment consists of
various locations, including a house, a school and a farm. In
every location, there are small yet meaningful tasks — such
as turning off the lights upon leaving a room, closing the
tap after brushing the teeth, and opting for energy-efficient
transportation to school — that directly contribute to reducing
carbon footprint and energy consumption. The main goal for
players is to actively engage in these small yet impactful tasks,
with the ultimate aim of contributing to the achievement of
energy conservation goals. By conscientiously carrying out
activities like turning off lights, conserving water, and making
sustainable transportation choices, children can play a crucial
role in collectively reducing carbon footprint and promoting
energy efficiency within their respective settings. This active
participation forms the core strategy in working towards the
overarching objective of energy conservation.

Prior to initiating gameplay, participants completed a pre-
game questionnaire designed to gather baseline data on their
energy knowledge and attitudes. This questionnaire comprised
a series of questions assessing participants’ understanding of
energy use and conservation practices. The pre-game question-
naire includes the following questions:

1) Do you usually check which electric appliances are

working before leaving your room?
2) Do you understand what energy use means?
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3) Do you understand what the different colors mean in the

waste bins?

4) Do you take actions at home to save energy?

Following game completion, participants filled out a post-
game questionnaire, which mirrored the pre-questionnaire and
included additional questions to evaluate comprehension levels
and measure the game’s effectiveness in educating children
about energy efficiency. The post-game questionnaire includes
the following questions:

1) Will you check which electric appliances are working

before leaving your room?

2) Do you better understand what energy use means?

3) Do you better understand what the different colors mean

in the waste bins?

4) Are you going to take appropriate actions at home to

save energy?

5) Does the color of the trees help you to better understand

energy use?

6) Are you now more aware of how to preserve energy?

7) Are the game’s energy saving practices appropriate?

8) How much did you enjoy playing the game?

The pre- and post-game questionnaires typically took par-
ticipants approximately 15-20 minutes to complete, ensuring
minimal disruption to their gameplay experience. Responses
were collected using a 5-point Likert scale, ranging from
‘Never’ to ‘Always’, which we recorded on a scale from -1 to 1
(-1: ‘Never’, -0.5: ‘Seldom’, 0: ‘Sometimes’, 0.5: ‘Often’, and
1: ‘Always’). For question 8, responses were collected using
a 5-point Likert scale ranging from 1 to 5, with 5 indicating
the highest level. The first four questions of the questionnaire,
administered both before and after gameplay, were designed
to assess the following attitudes:

1) Attention to turning off electrical appliances when not

in use.

2) Understanding of the term “energy use”.

3) Recognition of the colors of waste bins.

4) Willingness to take actions to save energy.

We evaluated whether these attitudes improved before and
after gameplay, considering factors such as gender, age, and
nationality. Additionally, we recorded the time taken by each
player to complete the game.

B. Experimental Results

In this part, we delve into the specifics of our experimental
findings, aiming to unveil the nuanced layers of insights
revealed by our study. Our focus centers on key metrics related
to participants’ energy knowledge and behaviors, as well as
addressing the following questions that emerged from our
findings:

e QI1: Does GreenMate immediately impact children’s

awareness of environmental issues?

e Q2: If yes, does this change depend on factors such as

gender, age, or nationality?

e Q3: Is there a correlation between the time it takes for

children to complete the game, their enjoyment of it, and
their attitude toward environmental protection prior to

playing?

Pre/Post Game Questions
10 .
| * ekt Pre Gama
* | M Post Game
o5
| =
o0 2
-0.61)
=05
-0
Q: Do you Q: Do you Q: Do you Q: Do you take
usually check  understand what understand what actions at home
which eleciric energy use the different  to save energy?
appliances are means? colours mean in
working before the waste bins?
leaving your
room?

Fig. 5: Results before playing and after playing the game

Through the positive game experience, children demon-
strated an increased ability to focus on their surroundings,
fostering heightened awareness of energy consumption within
the environment. The analysis encompasses changes in par-
ticipants’ responses to specific questions outlined in the pre
and post questionnaires (see Figure 5). We anticipated that
engagement with the GreenMate game would positively im-
pact participants’ knowledge, attitudes, and behaviors related
to energy conservation. Our hypotheses regarding the influence
of the game on specific aspects of energy awareness serve as
a guiding framework for interpreting the observed changes
in participant responses. Detailed within are the quantitative
analyses of pre and post questionnaire data, providing insights
into the effectiveness of the GreenMate game in influencing
the targeted outcomes. We tested all recorded variables for
normality but, with the exception of the game completion time,
all variables were found not to be normally distributed. For this
reason, we used non-parametric tests (e.g., Wilcoxon Signed
Rank Test and Kruskal-Wallis Test).

The aptitude to check which electrical appliances work
before leaving one’s room showed improvement after the
game, increasing from an average of -0.22 +0.08 to an average
of 0.07 £0.09. This signifies a 14.5% increase in the Likert
scale entire range (2, ranging from -1 to 1). The observed
increase is statistically significant (p = 0.02, Wilcoxon Signed
Rank Test). The comprehension of the meaning of energy use
showed a marginal improvement after the game, rising from
an average of 0.61 +£0.03 to an average of 0.64 +0.12. This
represents a 1.5% increase in the Likert scale entire range,
however, the observed increase is not statistically significant
(p = 0.36, Wilcoxon Signed Rank Test).

The comprehension of the meaning of the colors of the
different waste bins exhibited improvement after the game,
increasing from an average of 0.22 +0.11 to an average of 0.39
+0.16. This accounts for an 8.5% increase in the Likert scale
entire range. However, it is worth noting that the observed
increase is not statistically significant (p = 0.30, Wilcoxon
Signed Rank Test). Finally, the aptitude to take actions at
home to save energy experienced a significant improvement
after the game, rising from an average of -0.61 +0.04 to an
average of 0.39 £0.07. This marks a substantial 50.0% increase
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Fig. 6: Attention to the environment before and after playing
the game

in the Likert scale entire range. Importantly, the observed
increase is statistically very highly significant (p < 0.001,
Wilcoxon Signed Rank Test). Following this, we applied
Principal Component Analysis (PCA) to the preceding four
items to consolidate them into a singular variable representing
attentiveness to the environment. The first principal compo-
nent, which accounts for 45.9% of the explained variance,
was extracted and labeled “Attention for the environment”.
This new synthesised variable has zero mean and a standard
deviation equal to one. A value of zero indicates being in
the mean. A positive value indicates being above the mean
and a negative value indicates being below the mean. The
numerical value indicates by how many standard deviations
you are above or below the mean. Its values before and after
the game were compared, as shown in Figure 6. The Attention
for the Environment exhibited an increase after the game,
rising from an average of -0.41 SD £0.14 SD to an average
of 0.41 SD #0.16 SD. This reflects a 41.0% increase of the
entire normalised range (2, ranging from -1 to 1). Importantly,
the observed increase is statistically highly significant (p <
0.001, Wilcoxon Signed Rank Test). We used non-parametric
tests because this variable was also not normally distributed,
although it was very close to normality (Kolgomorov-Smirnov
test p-value = 0.046 and Shpiro-Wilk test p-value = 0.212).

A notable aspect of our findings concerns the potential
influence of gender, age, and nationality on the observed
increase in attitude toward environmental conservation before
and after gameplay. We noted a statistically significant increase
in attitude toward environmental conservation for both males
and females (p = 0.004 and p = 0.002, respectively, Wilcoxon
Signed Rank Test), as shown in Figure 7. An observed trend
suggests that females may exhibit greater sensitivity to the
game than males (0.92 +0.78 SD versus 0.76 +0.97 SD),
as illustrated in Figure 8. However, this difference is not
statistically significant (p = 0.72, Mann-Whitney Test).

We found a statistically significant increase in attitude
toward environmental conservation among children aged 6-
7 and 10-12 years both before and after playing the game
(p = 0.003 and p = 0.022, respectively, Wilcoxon Signed
Rank Test). However, no significant change was observed for
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Fig. 7: Attention to the environment before and after playing
the game by gender
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Fig. 8: Difference in Attention to the environment before and
after playing the game by gender

children aged 8-9 years (p = 0.087, Wilcoxon Signed Rank
Test), as shown in Figure 9. A trend appears to suggest that
the youngest children (aged 6-7 years) were more responsive
to the gaming experience compared to older age groups (1.15
+0.70 SD for children aged 6-7 years versus 0.36 £0.74 SD
and 1.09 £1.07 SD for children aged 8-9 and 10-12 years,
respectively), as shown in Figure 10. However, this difference
is not statistically significant (p = 0.216, Kruskal-Wallis Test).

Attention to the environment by Age by Pre Game / Post Game
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Fig. 9: Attention to the environment before and after playing
the game by age
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Fig. 11: Attention to the environment before and after playing
the game by nationality

We found a statistically significant increase in attitude to-
ward environmental conservation both before and after playing
the game for children of all three nationalities (p = 0.005, p
=0.047, and p = 0.11 for Indian, Greek, and British children,
respectively, Wilcoxon Signed Rank Test), as shown in Figure
11. A trend appears to suggest that British children aged 6-7
years were more responsive to the game compared to their
counterparts (0.99 +0.74 SD for the British children versus
0.86 £0.91 SD and 0.67 +1.00 SD for the Indian and Greek
children, respectively), as shown in Figure 12. However, this
difference did not reach statistical significance (p = 0.72,
Kruskal-Wallis Test).

We investigated whether there exists a relationship between
children’s gameplay duration, enjoyment, and their pre-game
attitude toward environmental protection (Q3). Our analysis
revealed that a more positive attitude towards the environ-
ment is associated with less time taken to play the game.
Specifically, children with a more favorable attitude toward
the environment tended to complete the game in less time
(Spearman correlation coefficient = -0.378, p = 0.023), sug-
gesting that gameplay might be facilitated for those with pre-
established environmentally friendly attitudes. Similarly, we
found a negative correlation between children’s understanding
of energy use and waste bin color coding before gameplay
and their gameplay duration (Spearman correlation coefficient
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Fig. 12: Difference in Attention to the environment before and
after playing the game by nationality

= -0.321, p = 0.047), indicating that a better understanding
of these concepts may expedite gameplay. Furthermore, our
analysis demonstrated a positive correlation between children’s
enjoyment of the game and their expressed desire to work
on reducing energy consumption. Specifically, children who
reported higher enjoyment of the game were more likely
to express a willingness to reduce energy consumption and
contribute to environmental conservation efforts (Spearman
correlation coefficient = 0.388, p = 0.019).

We also investigated whether enjoyment of the game varied
across different age groups and whether younger children
took longer to complete the game. Our analysis revealed that
children of all age groups reported high levels of enjoyment,
as shown in Figure 13.Additionally, there was no significant
difference observed in enjoyment levels across age groups (p
= 0.72, Kruskal-Wallis test). The average enjoyment ratings,
measured on a scale of 1 to 5, were 4.67 +0.65 , 4.71 +0.47
, and 4.50 £0.71, for children aged 6-7, 8-9, and 10-12,
respectively.Furthermore, we investigated whether there were
variations in gameplay completion time based on the age of
the children. It was observed that, consistent with expectations,
younger children generally took longer to complete the game
compared to older children. The average completion times
were 26.08 +4.06 min, 24.43 +2.34 min, and 19.50 +1.58
min for children aged 6-7, 8-9, and 10-12 years, respec-
tively, as shown in Figure 13. Normality tests indicated that
the game completion time variable was normally distributed
(Kolmogorov-Smirnov test p = 0.073 and Shapiro-Wilk test
p = 0.259). Consequently, we conducted a one-way ANOVA
(p<0.000) with post hoc tests, revealing a highly statistically
significant difference between the game completion times of
6-7-year-old children and 10-12-year-old children (p<0.000).
Similarly, there was a highly statistically significant difference
between the game completion times of 8-9-year-old children
and 10-12-year-old children (p<0.000). However, there was no
statistically significant difference between the game comple-
tion times of 6-7-year-old children and 8-9-year-old children
(p = 0.154).

Finally, we investigated whether the immediate effect of
GreenMate differed based on children’s sensitivity to envi-
ronmental issues before gameplay. The children were divided
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Fig. 13: Enjoyment of the game by age
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Fig. 14: Game completion time by Age

into two groups based on their pre-questionnaire answers
regarding their Attention to Environment score, distinguishing
between those whose scores were below or above the median.
Our analysis revealed that both groups, regardless of their
initial sensitivity to environmental issues, demonstrated signif-
icant improvement in Attention to Environment after playing
GreenMate, as depicted in Figurel5. Specifically, children
with lower initial attention to the environment showed a
statistically significant improvement of 1.00 +0.99 SD (p =
0.001, Wilcoxon Signed Rank Test), while those with initially
higher attention showed a statistically significant improvement
of 0.61 +0.71 SD (p = 0.009, Wilcoxon Signed Rank Test),
as shown in Figure 16. An observed trend suggests that
GreenMate may have a more pronounced immediate impact on
children with lower environmental awareness before gameplay
compared to those who are already environmentally sensitive.
However, this difference did not reach statistical significance
(p = 0.116, Kruskal-Wallis Test), possibly due to a ceiling
effect. No significant differences were found between the
two groups in terms of enjoyment of the game (p = 0.57,
Mann-Whitney Test) and game completion time (p = 0.85,
independent samples t-test).

V. CONCLUSIONS

The aim of this paper was to investigate the hypothesis that
a serious game incorporating different learning methodologies
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Fig. 15: Attention to the Environment before and after playing
the game for the groups of children with a Lower and Higher
Attention to the Environment (with respect to the median
value) before playing the game, respectively.
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Fig. 16: Difference in Attention to the Environment before and
after playing the game for the groups of children with low and
high Attention to the Environment before playing the game,
respectively.

can enhance the comprehensive understanding of children aged
6-12 regarding the importance of energy conservation. The
experimental results offer valuable insights into the impact
of the GreenMate game on children’s energy knowledge,
attitudes, and behaviors. Through a detailed exploration of
various metrics related to energy awareness, our analysis has
uncovered nuanced layers of insights. The results indicate
improvements in understanding energy-saving concepts, such
as checking electrical appliances and taking energy-saving
actions at home, supporting the game’s objective to increase
players’ knowledge about energy conservation. Additionally,
the game’s impact on increasing awareness is evident through
the significant rise in participants’ ‘Attention for the Environ-
ment’ scores. Positive feedback highlighted the helpfulness
of the tree leaves’ colours in conveying energy use concepts,
emphasizing the game’s role in promoting environmental
awareness and energy-saving practices. The observed enhance-
ments in energy-saving actions, coupled with positive feedback
indicating a greater understanding of energy preservation,
suggest that GreenMate successfully motivates children to
embrace energy-saving habits in their daily routines. This
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effectiveness is further supported by comparisons with similar
games such as We Energy Change [21] and Social Mpower [4],
where GreenMate stands out by providing tailored guidance
within the game, potentially enhancing its effectiveness as an
educational tool for promoting energy-saving behaviors among
children.

In addition to the questionnaire responses, our analysis
of game completion time revealed significant correlations.
Children with a strong understanding of energy concepts
completed the game more swiftly, suggesting that GreenMate
resonates particularly well with individuals who already pos-
sess some degree of energy awareness. Furthermore, older par-
ticipants completed the game more quickly than younger ones,
indicating age-related differences in game engagement and
comprehension. Moreover, we observed a positive association
between game enjoyment and the inclination to reduce energy
consumption at home, underscoring GreenMate’s potential to
influence real-world behaviors. Notably, these findings re-
mained consistent across gender, age, and nationality, demon-
strating GreenMate’s promise as an effective educational tool.
In conclusion, the GreenMate game has demonstrated its
effectiveness in positively influencing children’s energy-related
behaviors and awareness. The study provides valuable insights
for refining and enhancing the game’s content to address
specific areas of improvement. Future iterations of the game
can benefit from a nuanced approach to cater to the diverse
perspectives and preferences of the target audience. Overall,
these findings contribute to the ongoing development of se-
rious games aimed at fostering environmental awareness and
sustainable behaviors among children.
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