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Abstract

Climate change education is fundamental in the present society, which is characterized as complex and full of
uncertainties. The use of games can help in this task. The prototype of an educational game called ““Apicum Game”’,
which addresses climate change and its effects on marine and coastal ecosystems, was assessed in the present study.
Thirty-three students in the sixth grade of a private school played the game and answered questionnaires before and
after it. The students who participated in the research generally play video games for fun. Also, they have already
heard about climate change, mainly in television and school. It was possible to notice that the majority of students
understood the concept of coastal ecosystems, which was addressed in the game. In addition, the game contributed
to broadening the conceptual profile of students in relation to the complex concept of climate change. Finally, the
game contributed to an increase in the number of actions cited by the students to mitigate climate change. The auto-
assessment of the students indicated they learned from the game and that the educational content and challenges
presented along the story were appreciated by them. Most of the students would play again or indicate the game to a
friend. However, the graphics and some bugs must be improved/fixed so as to make the game more enjoyable.

Keywords: educational software, Apicum Game, climate change education, coastal ecosystem.

Resumo

A educacdo para as mudancas climaticas é fundamental na sociedade atual, caracterizada como complexa e cheia
de incertezas. O uso de jogos pode ajudar nessa tarefa. O protdtipo de um jogo educativo chamado “Apicum Game”,
que aborda as mudancgas climaticas e seus efeitos nos ecossistemas marinhos e costeiros, foi avaliado no presente
estudo. Trinta e trés alunos da sexta série de uma escola particular jogaram o jogo e responderam a questionarios
antes e depois. Os alunos que participaram da pesquisa geralmente jogam videogame por diversao. Além disso, eles
ja ouviram falar sobre mudancas climaticas, principalmente na televisdo e na escola. Foi possivel perceber que a
maioria dos estudantes entendeu o conceito de ecossistema costeiro, abordado no jogo. Além disso, 0 jogo contribuiu
para ampliar o perfil conceitual dos alunos em relacdo ao conceito complexo de mudanca climatica. Por fim, o jogo
contribuiu para o aumento do nimero de acdes citadas pelos alunos para mitigar as mudancas climaticas. A
autoavaliacdo dos alunos indicou que eles aprenderam com o jogo e que o contetdo educacional e os desafios
apresentados ao longo da historia foram apreciados por eles. A maioria dos alunos jogaria novamente ou indicaria
0 jogo para um amigo. No entanto, os graficos e alguns bugs devem ser aprimorados / corrigidos para tornar o jogo
mais agradavel.

Palavras-chave: software educacional, Apicum Game, educacdo sobre mudancas climéticas, ecossistema costeiro.
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1 Introduction

The teaching of socio-environmental issues of the risk society (Beck,1997) require a
treatment capable of incorporating and dealing with the complexity of the systems and their
uncertainties (Morin & Lisboa, 2007). Thus, there is a need to debate these issues and incorporate
them into citizens’ discourses through an education inserted in the reflective perspective (Jacobi,
Monteiro, & Fernandes, 2009; Beck, 1997, 2011).

Jacobi (2005) points to the need for a change in the fragmented structure of knowledge,
which is generally replicated in schools, through a critical and political approach. The school, in
this context, can be configured as the sphere responsible for making the link between socio-
environmental problems and scientific explanations, which presupposes the view on the
complexity (Watanabe-Caramello & Strieder, 2011).

Improvement of the environmental education process requires developing and practicing
alternative pedagogical methods (Riordan & Klein, 2010). In this sense, certain alternative
strategies could be interesting, such as “Phenomenon Based Education” or “Theme/Event
Centered Education”, in which the educative process is related to the dealing with real-world
situations, which constitute the starting point for learning, focusing on problem solving and
interdisciplinary approaches (Delizoicov et al., 2002; Garcia, 1998; Cruz, 2001; @stergaard et al.,
2010). These strategies prioritize teamwork, decision-making, student participation in the search
for knowledge, a greater teacher-student relationship, didactic transposition, interdisciplinarity
and conciliation of the knowledge seen in the classroom with the daily life of the student.

The teaching of climate change as a phenomenon throughout formal education systems can
be one of the most important and effective means of developing capacities for addressing the
climate crisis (Stevenson, Nicholls, & Whitehouse, 2017). Climate change education cannot be
confined to traditional structures and formal curriculum spaces of education but needs to draw on
new informal and hybrid (e.g. school/community) spaces offering alternative possibilities for
learning and action.

Games can be an interesting alternative to traditional methodologies for climate change
teaching and learning. Widely discussed in the literature, games have proved to be powerful allies
in the educational process, as can be seen in the National Curricular Parameters in Brazil (known
as PCNs - Parametros Curriculares Nacionais) (Brasil, 2000). Thus, if we consider subjects that
require a closer approach to everyday life, such as environmental education, which is
interdisciplinary and action-oriented, games can be very effective as a teaching tool.

Although there are many initiatives to insert the games as an educational tool, it is not possible
to say that all the subjects of the curriculum can be covered by this technology. When it comes to
climate change, there is a shortage in the supply of games. When we think about the influences of
climate change on marine and coastal environments, this number is even smaller. This is
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worrisome if we think that several consequences of climate change will affect marine and coastal
ecosystems, through sea level rise, water acidification, rise in sea surface temperature, alterations
in the water motion (tides and currents) or increase in the frequency of extreme events (storms
and hurricanes) (Hoegh-Guldberg & Bruno, 2010). Also, these alterations will affect the marine
and coastal biodiversity (Harley et al., 2006), causing, for example, coral bleaching or the
migration of species.

In this context, the “Apicum Game” comes to light, proposing practical situations and inviting
the student to discover through the scientific method the importance of preserving marine and
coastal environments and how climate change impacts these ecosystems, and especially how it
affects society. The game has the RPG style and was developed from a solid pedagogical base
(Ghilardi-Lopes et al., 2013). The game takes place in a fictional coastal town called Apicum,
which is presenting some strange circumstances, such as high rainfall intensities and high
temperatures. According to the main character’s teacher, local coastal ecosystems are also
suffering from these climatic anomalies. Thus, the main character (the player) will have the task
of investigating the causes of these climatic phenomena in the city and the coral reef near the coast
of Apicum. The game is constituted of nine phases, in which the player will earn points of
“environment”, “society” or “economy”, the three pillars of sustainability (Ghilardi-Lopes et al.,
2015).

Besides being fun and attractive, games as an education tool must convey knowledge. That
is why it is extremely important to think of methods for evaluating its effectiveness (Oliveira et
al., 2015). Such evaluations should serve as a guide to identify possible failures and to enable the
improvement of technology. Therefore, it is possible to set goals so that the expected objectives
can be achieved and the educator can transmit the proposed content in a playful way without
losing the teaching quality.

Taking this context into account, our work aimed to evaluate the application of the prototype
of a serious game (titled “Apicum Game”), which aims to address the issue of climate change and
its influence on coastal and marine ecosystems. In addition to understanding what, how and when
students play, we addressed the educative potential of “Apicum Game”, specifically how the game
contributed to: 1) the learning of “coastal ecosystems” and “climate change” concepts and 2) the
actions students can take to mitigate climate change. Also, we evaluated the feedback given by
the students regarding the game itself (its weaknesses and positive aspects).

2 Apicum Game

The Apicum game is compatible with Windows Operating System, and can be downloaded
HERE. Also, at this link, the online version of the pre-test and the post-test questionnaires are
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available, so that anyone who plays the prototype of the game can contribute to its improvement.
In order to install the game, the user must accept the terms of the Game Maker software.

Before the game starts, the player will be able to customize the main character, choosing the
gender, hair color, and clothes (Figure 1a). After finishing the main character customization, the
first stage of the game is presented to the player, in which the main character will be on the beach
of Apicum city, and will have two options (Figure 1b): 1) go left, and see some illegal houses
damaged by a storm, talk to a local resident and help some people to go to a shelter (Figure 1c);
2) or go to the right, and meet scientists working on a rocky shore and have the opportunity to
assist scientists in their research (Figure 1d). In order to advance to the next stage of the game,
the player has to complete both of the tasks proposed by the two possibilities of interaction.
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Figure 1: a) Customization of the main character; b) Beach of Apicum city; c) Houses damaged by a storm on the left side of the
beach; d) Scientists working on a rocky shore on the right side of the beach.

Then, the character will go home, where he/she will meet the character Caobimpara, who
will encourage the main character to investigate what is happening in the city (Figure 2a). At this
moment, the game map is presented to the player, in which the stages of the game are showed,
and it is possible to distinguish the unlocked stages and the unlockable stages. In addition,
throughout the game story, there is a stage that will always be unlocked, which is the library stage,
where the player will be able to learn about some issues addressed in the game by clicking on the
books on the shelves (Figure 2b).
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a) b)
Figure 2: a) First appearance of Caobimpara; b) Library of Apicum city.

At this point, the main character will be sent to school, where the teacher will talk about
global climate change and will ask some questions about this issue (Figure 3a). Then, the teacher
will ask the students to measure their greenhouse gas emissions as homework. In order to complete
this task, the main character will return to his/her house, and explore the house looking for
electrical devices that represent sources of greenhouse gases (Figure 3b). After that, the main
character returns to school, where he/she will compare his/her results with the average greenhouse
gases emissions (which is approximately 1.8 tons a year for a single person) (Ghilardi-Lopes et
al., 2015).
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Figure 3: a) Teacher talking about global climate change; b) Living room of the main character’s house.

After comparing the results, the teacher will talk about the emissions of greenhouse gases
and their consequences for the environment (Figure 4a). In addition, the player will learn about
marine and coastal ecosystems (Figure 4b).
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a) b)
Figure 4: a) Teacher talking about the emission of greenhouse gases; b) Minigame concerning marine ecosystems.

After that, the player will go to the beach in order to talk to fishermen and ask for a boat
ride to the coral reef to study the effects of the climate change in marine ecosystems (Figure 5a).
The fishermen will explain that it is necessary to know some scuba diving techniques, and that
the character will need to acquire some equipment. To earn money, the player can help the
fishermen with their work. After earning the necessary amount of money, the main character will
be able to proceed to the store, where he/she will be able to buy the equipment required by the
fishermen (Figure 5b).

b)
Figure 5: a) The main character talking with the fishermen; b) The main character buying scuba diving equipment at the store.

Next, the main character will go to the university to talk to a scientist, formulate
hypotheses, and will be directed to get some equipment at the laboratory in order to check the
condition of the coral reef during the scuba diving (Figure 6a). In the laboratory, the main
character will be able to find a thermometer, pH meter, turbidimeter, oximeter, nutrient meter and
a sampling unit (Figure 6b). With the equipment in hand, the main character will be able to take
environmental measures on the coral reef and conclude how climate change is affecting this

environment.
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Figure 6: a) The main character meeting the scientist at the university; b) The main character gathering the equipment at the
laboratory.

Also, during the scuba diving, the character meets Caobimpara again who will talk about
the coral bleaching (Figure 7a). The main character will be able to use the acquired equipment to

take some environmental measures (Figure 7b) and return to the university to report the obtained
results to the scientist.

| Vosé notou este coral branquead, nao foi?

E a3 aigas quebradigas?

Figure 7: a) The main character meeting Caobimpara in the scuba diving; b) The main character using the equipment to take
environmental measures.

After talking to the scientist, the main character will go to the city hall, where he/she will
be able to simulate an election by choosing among candidates with different proposals on
"environment”, "society” and "economy", and in doing so, the player will gain points in these
three dimensions (Figures 8a and 8b). The goal of this stage is to show the player that there is a
relationship between our choices and what happens to the environment, society and economy.
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Figure 8: a) The main character at the city hall to simulate an election; b) The proposals of one of the candidates.

Finally, the player will return to school in order to present his/her results to the teacher
(Figure 9a). At the end of the game, the sustainability index of the main character is calculated,
and the idea is that the player that presents the most balanced points in the three dimensions of
sustainability was most successful in the choices made during the game aiming to mitigate climate
change (Figure 9Db).

Sua pontuacao foi
Pontuacan satisfatoria,
o mas pode melhorar...

Economia: 46

Indice de.
Sustentabilidade: 158

=

Deseja jogar novamente?

a) b)
Figure 9: a) The sustainability index calculation; b) The final result based on the choices made during the game.

3 Basic Concepts

In this section, we introduce the basic concepts that based the development of the “Apicum
Game”, which include: (1) climate change, (2) sustainability and (3) environmental education.

The concept of climate change is directly related to the “Apicum Game”, since the game
addresses how global environmental change affects coastal and marine ecosystems. Climate
change is defined as a change in the state of the climate that can be identified by changes in the
mean and/or the variability of its properties and persists for an extended period, typically decades
or longer (Field et al., 2012). Scientific evidences indicate that human activity is causing global
warming through the emission of greenhouse gases (Stern, 2008). Also, studies show that such
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warming will only be slowed down or reduced if people around the world behave differently
(Urry, 2015). Effective action will require international collaboration and some of the greatest
impacts will be felt in the poorest countries that are most vulnerable to the changes (Stern, 2008).
Climate change has been considered one of the nine planetary boundaries, which can be defined
as the biophysical limits inherent to the functioning of Earth to maintain a stable state of systems
condition for global sustainability and human welfare (Rockstrom et al., 2009a, 2009b; Steffen et
al., 2015). The existence of such boundaries implicates in a new concept of sustainability, in which
economy serves the society, which in turn is limited by an environmental “ceiling” (Raworth,
2012).

In the “Apicum Game”, the concept of sustainability is worked. During the game, the main
character earns points of “economy”, “environment” and “society” (i.e. the three dimensions of
sustainability) (Canotilho, 2010; Hansmann, Mieg, & Frischknecht, 2012) and, at the end of the
game, his/her “Sustainability index” is calculated, in order to stimulate students to reflect on their
attitudes and values regarding sustainability. The concept of sustainability is integrative and
involves the protection of the environment and natural resources as well as social and economic
welfare to the present and subsequent generations (Hansmann, Mieg, & Frischknecht, 2012). In
this context, impacts of humankind on the Earth and ecological systems in terms of climate
change, resource depletion and extinction of species revealed to us that sustainable development
should be an essential part of human concerns (Kahriman-Ozturk, Olgan, & Guler, 2012).

Finally, in order to understand the context in which the “Apicum Game” was proposed, it is
necessary to understand the current scenario of environmental educational initiatives and the main
challenges of this research area. The aim of environmental education actions is that people become
aware of the global reality, of the kind of relationships humankind establishes with nature, and of
the issues derived from this relationship (Ghilardi-Lopes et al., 2013). It aims to increase
awareness of environmental problems, motivate action through awareness, and develop a
commitment to solve and prevent local and global problems (Jose, Patrick, & Moseley, 2017). In
the 1960s, the “environmental education” began to affirm itself internationally and brought up for
discussion the possibilities of understanding and combating climate change issues (Fernandes,
Gomes, & Laporta, 2017).

According to Marinho et al. (2014) “environmental education” is shown as a guiding tool for
the awareness of individuals on environmental issues, in which all the members of the society are
seen as integral participants in the educational process. The authors also affirm that the
“environmental education” has an interdisciplinary character, which has to be considered in the
theories and practices that underlie educational actions on climate change.

Although there are several environmental education initiatives related to the climate change
issue in Brazil, they do not establish a profound relationship between everyday actions and their
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synergies (e.g. transportation, excessive consumption, land change processes) with the increase
of greenhouse gases emission (Ghilardi-Lopes et al., 2013). In addition, many studies have shown
that environmental education is not a priority in schools and in continuing education programs for
teachers (Lappa, Kyparissos, & Paraskevopoulos, 2017). Finally, if we consider “marine
environmental education” in Brazil the initiatives are rare (Berchez et al., 2007), despite their vast
importance in the development of a conscience focused on the conservation of marine ecosystems.

4 Related Works

In the late of 1970s, the emergence of serious games changed the traditional concepts of
education (Yusoff et al., 2018). Some recent studies show that serious games can increase
knowledge acquisition, perceptual and cognitive skills, motor skills, behavior change, soft skills
and social skills (Connolly et al., 2012; Marsh, 2016; Rossano, Roselli, & Calvano, 2017). In this
context, they can be powerful tools to teach about sustainability issues at school, since these
abilities are important if we consider the characteristics of modern society.

For example, the work of Jean et al. (2017) relies on interdisciplinarity by proposing the use
of the Scratch tool in the construction of learning objects related to sustainability issues as an
alternative for the enrichment of pedagogical practices in schools. All involved subjects -
researchers and students - played an active role during the development of the project, which
resulted in a critical-collaborative action research. After learning how to handle the tool, the 34
students defined topics such as 3R’s Policy (recycling, reusing and reducing), Recyclable
Materials, Sustainable Development and received instructions on how to base the materials
developed. Such materials, as games and animations, were shared with the other students in the
school. The pedagogical aspects of the learning objects were analyzed by the criteria: interactivity,
autonomy, cooperation, cognition, and affectivity. The study concluded that there was greater
effectiveness in the subject developers and less effectiveness in the user’s subjects.

Learmonth Sr. & Bobko (2011) present in their work the result of the game “UVa Bay Game”,
a decision-making simulator that provides a learning environment raising awareness about
sustainability issues, having the already published data about the health of the Chesapeake Bay as
a comparative parameter for the development of the simulator. In a collaborative effort of diverse
areas, such as natural sciences, politics and social sciences, undergraduate students will have
undergone interdisciplinary learning before playing 10 annual rounds of the Bay Game by 2020.
As a result of the simulations, thanks to the choices made for low impact practices or organic
agriculture, the improvement in the general health of the Bay stands out. Also, there was a positive
economic impact, a fact that brought up the discussion of government policies to encourage good
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practices. Players were able to learn the relationship between human decisions and their
consequences for the bay health.

If we consider games related to marine ecosystems, we can cite the game “Preserve the Coral”
(Marques et al., 2013), which was developed with the goal of bringing players closer to the theme
of environmental conservation of coral reefs. Through the use of Artificial Intelligence to
represent knowledge from a basis of production rules, it demonstrates what would happen if
certain actions caused coral degradation. The scenario of the game is composed of the seabed,
coral reefs and biodiversity elements. The characters of the game are: artificial reef, seaweed,
jellyfish, fish, sea urchin, scuba diver, dragging nets, oil, and garbage. The player loses points for
each interaction with the coral which is incompatible with its protection.

Another example is the “Ocean Simulator” learning object (Silva & Alves, 2017), which
seeks to recreate the oceanic environment through the insertion of ecological parameters, such as
food chain and energy pyramid. The player can freely create a simulation environment by
inserting and interacting with NPCs (Non Player Characters) that mimic the behaviors of marine
animals. Thus, it is possible to learn important information about the marine ecosystem and its
functioning, arousing the interest for the conservation of this environment.

Finally, the game “Tartarugas” (Santos Filho et al., 2008), which was elaborated by an
interdisciplinary team, aims to complement students’ learning about turtles and their environment
through interaction with conceptual maps, animated texts, and figures. The application of
questionnaires was used as a methodology for evaluating the tool. The students answered the
questions before and after the game, and thus it was possible to observe that it was a motivating
resource for both the educator and the learners.

Like the “Apicum Game”, these Brazilian games have strong theoretical and pedagogical
bases and seek to insert the student in a real situation context. In addition, the importance of
interdisciplinarity in the elaboration of those learning objects focused on environmental education
is highlighted. “Apicum Game” also aims to teach the steps of the scientific method (i.e.
observation, hypothesis formulation, experimentation, description and discussion of results and
conclusion) intuitively. Therefore, in contrast to other Brazilian environmental educational games,
“Apicum Game” represents an opportunity to teach about the scientific method and its use for the
investigation of environmental problems, according to the three structuring axes of scientific
literacy (Ghilardi-Lopes et al., 2015), which are: (1) basic understanding of terms, scientific
knowledge and concepts fundamental rights; (2) an understanding of the nature of science and the
ethical and political factors follow their practice and (3) understanding of the relationships
between science, technology society and environment (Sasseron & Carvalho, 2016).

11
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5 Methodology

“Apicum Game” was presented to a private school located in the state of Sdo Paulo. The
school board agreed to test the prototype of the game with students between 7 and 12 years old
during a 50 min period of a biology class. The students who took part of this study were in sixth
grade of elementary school and had been introduced to topics related to climate change in previous
classes.

The objectives of the game and of the research were presented to the students and those who
wanted to take part on the study completed an informed consent form, which was also read and
signed by their parents (or guardians). The consents indicated that the information provided by
the students during the study would be used for research purposes and that the collection of data
did not offer any risks for the participants. Also, they were informed that they would: 1) answer a
pre-test questionnaire; 2) play the “Apicum Game” and 3) answer a post-test questionnaire. In this
study, we considered only data provided by students who duly completed the informed consent
form and answered at least one of the questionnaires.

Before the game test started, the participants were asked to complete the pre-test
questionnaire composed by 19 questions: 5 questions about their personal information, 5 questions
about their game habits and 9 about their previous knowledge about climate change and coastal
environments. The main objective of the pre-test questionnaire was to identify the video-game
habits of the participants and their previous knowledge on the topics explored in the game.

During the game test, the participants were referred to a computer room and spent 50 minutes
playing the game. Also, participants who were not able to finish all the game stages in this period
were asked to finish the game and complete the post-test questionnaire at home.

Finally, after finishing the game testing, the participants were asked to complete the posttest
questionnaire composed by 18 questions: 5 questions about their personal information, 6 questions
about the game impressions, 3 questions about the educational content presented in the game and
4 questions about their suggestions to the improvement of the game. The main objective of the
post-test questionnaire was to stimulate the students to discuss the game aspects and give
feedbacks about possible improvements. Also, the educational content questions of the post-test
questionnaire alluded to the educational content questions of the pretest questionnaire, thus it was
possible to correlate the answers given in both questionnaires to determine if the game succeeds
in teaching the proposed topics.

The questionnaires were composed by closed and open questions. Also, in some of the closed
questions, the students were able to choose more than one answer option. Thus, in order to analyze
the data provided from closed questions, the answers were quantified and evaluated considering
the frequency with which each possible question was marked by the respondent. In addition, open
questions were analyzed using content analysis (Hsieh & Shannon, 2005), so that each response

12
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was considered individually and, the units of meaning were extracted in order to define the main
content of each answer and their frequency was calculated.

6 Results and Discussion

Thirty-three students, 20 boys and 13 girls from 6 different classes participated in the tests
and answered the pre and the post-test questionnaires. Also, an additional number of thirty-four
students (18 boys and 16 girls) answered just the pre-test questionnaire. The majority of students
(94.0%) attended exclusively private schools (Figure 10).

@ Always in private schools

@ Predominantly in public schools
Predominantly in private schools

Figure 10: Number of students according to the type of school (private or public) they attended during their lives.

6.1 Pre-test questionnaire results

In this subsection we present the results obtained from the answers given by the sixty-seven
students who completed the pre-test questionnaire.

The distribution of students’ frequency of playing games (Figure 11) shows that most of the
students (98.5%) have the habit of playing games occasionally or frequently and just 1 student
affirmed not being in the habit of playing games. In the study of Wallenius et al. (2009), about
75-90% of school-aged children play digital games. Our study presented a higher percentage of
students who play games than the frequency observed in the work of Wallenius et al.. This high
percentage allows us to assume that the majority of the students of have some familiarity with
games.
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@® Yes, always
@® No, never
Yes, sometimes

55,2%

1,

Figure 11: Percentage of answers regarding the frequency of playing games.

In our study, the majority of the students (59.7%) play games for entertainment purposes
and just a few participants (3.0%) play games for educational purposes (Figure 12). According to
the study of Iten & Petko (2016), classical game theories suggest that enjoyment is mainly related
to freedom from utility, whereas learning games must be regarded as oriented activities rather
than being just for fun and enjoyment. In addition, our results over the motivation for playing
games is consistent to the work of Wallenius et al. (2009), which states that children rarely (2—
4%) mention education or the opportunity to learn new skills as good things in computer games.

® To spend time @ To have fun
To learn new things @ To see beautiful scenery and graphics
@ The story of the game @ The challenges

Figure 12: Percentage of answers regarding the motivation to play games.

Additionally, 4 students affirmed playing games on Facebook (Figure 13). The majority
of the students (94.0%) do not have the habit of playing games on Facebook. Paavilainen, Alha
& Korhonen (2017) affirm that Facebook has become the most popular social network service in
the western world and most of the studies on social games focuses on games distributed in this
platform. In this context, the study conducted by Wohn & Lee (2013) shows that players of social
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network games have four expected outcomes: to build common ground, to reciprocate, to pass
time, and to cope.

@® Yes ® No

Figure 13: Percentage of answers regarding the frequency of playing games on Facebook.

Most of the students prefer to play games on video game consoles (49.3%) and games
related to outdoor sports activities (53.7%) (Figure 14). In the console game market, one of the
most striking trends is the surge of sales in “family entertainment” games (Voida & Greenberg,
2009). In addition, recent studies suggest a strong social motivations for group console games
(Voida & Greenberg, 2009; Voida, Carpendale, & Greenberg, 2010; Voida & Greenberg, 2012).
The study conducted by Voida & Greenberg (2012) emphasizes the importance of console games
as a bridge among for multiple generations. The authors affirm that intergenerational interactions
surrounding console gaming can provide some of the developmental benefits crucial to individual
well-being.

Recent studies suggest that physical activity benefits children’s academic performance and
mental development (Resaland et al., 2015; Hills, Dengel, & Lubans, 2015). Based on the
significant amount of time children spend at school, this sector has an important influence on
promoting physical activities to children (Resaland et al., 2015; Hills, Dengel, & Lubans., 2015).
Furthermore, schools have the potential to assist children in meeting their daily physical activity
needs, since school setting offers opportunity for structured outdoor sports activities through
physical education (Resaland et al., 2015; Hills, Dengel, & Lubans, 2015).
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Computer games || NG 18
Internet games [N 14
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Card games 9
Board games | 13

Role playing games (RPG)

Outdoor sports & action |GGG 36
Other
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Figure 14: Number of answers regarding the type of games played by the students. More than one alternative was possible, since
it was a multiple choice question.

In our study, most of the students (91.0%) have already heard about climate change before
playing the game and 6 students affirmed that they never heard about climate changes (Figure 15).
Climate change emerged as an environmental concern during the mid-1980s (Schultz & Bryant,
2016). In the 2000s, the risk perception of climate change increased as the topic has risen up the
political agenda, and journalists have increasingly associated dramatic weather events with global
climate change (Anderson, 2009). Also, recent studies suggest that levels of climate change
awareness, knowledge, perceived risk, and support for mitigation or adaptation vary greatly across
the world (Lee et al., 2015). In addition, understanding the anthropogenic cause of climate change
is the strongest predictor of climate change risk perceptions and pro-environmental behavior (Lee
et al., 2015; Capstick et al., 2015; Masud et al., 2015).

@ Yes ® No

Figure 15: Percentage of answers regarding the awareness of climate change.

Also, most of the students have heard about climate change on TV (76.1%) or in school
(74.6%) (Figure 16). In the work of Schmidt, lvanova & Schéfer (2013), the authors conducted a
comparative analysis of climate change attention in 27 countries. In this study, the authors
included countries that have signed and ratified the Kyoto Protocol, and countries that are strongly
affected by the consequences of climate change. The study describes the development of media
attention for climate change in these countries from 1996 to 2010 and explores whether the media
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attention reflects in climate change awareness and climate policies for a country. The authors state
that newspapers around the world devote a considerable share of reporting space to climate
change, playing a potentially significant role in influencing public perceptions.

Newspaper/magazine [ 20
TV I 5 1
Movie I 15
Radio [N 15
Internet [N 28
In school GG 50
In talkings with relatives | NG 17
In talkings with friends [l 10

0 15 30 45 60

Figure 16: Percentage of answers regarding the type of media in which students heard of climate change. More than one
alternative was possible, since it was a multiple choice question.

6.2 Comparable questionnaires’ results

In this subsection we present the results related to the questions which were comparable
between the pre and post-test questionnaires. Thirty-three students completed both questionnaires.

In the pre-test questionnaire, the participants were asked about what was their concept of
“ecosystem”. The majority of students (54.6%) considered that ecosystems are constituted of
organisms, environmental factors and the interactions among them. Some students (33.3%) did
not consider the interactions, citing in their answers only the biotic and abiotic factors. Two
students (6.1%) considered only the biotic factors (organisms) as part of the ecosystems and one
student (3.0%) considered only the abiotic factors (environment) as part of the ecosystem concept
(Figure 17). After the game, they were asked to define “coastal ecosystem” and give an example.
Most students (57.6%) gave an adequate definition of coastal ecosystem, mentioning the
interaction of organisms and environment on coastal areas or near the ocean. However, 21.2%
gave an inadequate definition and 18.2% answered they did not know (Figure 18). Of those 78.8%
who answered the question, 57.7% were able to give an example of coastal ecosystem, as beaches,
coral reefs or rocky shores.
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@® Environment @ Environment and organisms
Organisms @ Environment, organisms and interactions
@ Did not answer

Figure 17: Percentage of answers regarding the concept of “ecosystem” by the students in the pre-test questionnaire.
@® Adequate @ Inadequate
Did not know @ Did not answer

3
18,2%

Figure 18: Percentage of answers regarding the concept of “coastal ecosystem” by the students in the post-test questionnaire.

In the pre-test questionnaire, the students were also asked about their concept of “climate
change” (Figure 19). 60.6% of the students answered that climate change was related to alterations
of the climate. Some of those related those alterations to a planetary, regional or local spatial scale.
Although the definition given was not incorrect, the majority of the students (54.5%) incurred in
a tautological argumentation, so it was not clear if the students really understood the meaning of
the word “climate” or if they just used it because the term was already present in the question.
Thus, as the arguments could be not analyzed (Simmons, 1960) in the answers given, we cannot
consider them as evidences of knowledge. Only two students gave subsidies in their answers that
indicated they really knew the concept: one of them explained the causes of climate change
(increase in the concentration of greenhouse gases in the atmosphere) and related these causes
with the alterations in the climate systems of the Earth; and the other mentioned that a climatic
system can only be defined after long periods of study (30 years or more). On the other hand, the
use of the word “weather” in the answers of 24.2% of the students was an indication that the
students did not know the difference between “climate” and “weather”, which is a common
misconception of learners of this age (Choi et al., 2010). Also, the word “temperature” in some of
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the answers (9.1%) indicated that students considered global warming as the definition of climate
change, which is also common (Shepardson et al., 2009). According to Choi et al. (2010),
misconceptions or a lack of relevant prior concepts can hinder students from developing an
understanding of scientific concepts, which is fundamental for science literacy process (Sasseron
& Carvalho, 2016).

B Post-test B Pre-test
i o I o
Alterations in climate (tautological) 18
one in ol I
Alterations in climate |2
ons i I
Alterations in weather 3
S R
Alterations in temperature 13
| H
Inadequate answer |2
0 5 9 14 18

Figure 19: Number of citations in the answers of students of the concept of “climate change” by the students. More than one
alternative was possible, since the question was open.

In the post-test questionnaire, the students were asked the same question about the concept
of “climate change” (Figure 19). Again, many students mentioned the word climate in their
answers and were tautological in their argumentation (30.3%). However, 24.2% of the students
inserted elements in their answers related to the influence of humankind on climate change or
gave examples of causes (global warming and alterations in the atmosphere) and consequences
(increase in mean temperature, alterations in pluviosity or in the sea level) of climate change.
There was an increase in the number of students who mentioned the word “temperature” in their
answers, which could be possibly attributed to the introductory part of the game story in which
the rise in mean temperatures in mentioned (although alterations in pluviosity is also mentioned
in the same part of the game). In addition, it was possible to notice a subtle decrease in the number
of answers which mentioned the word “weather”, which is positive. These results indicate a
broadening in the conceptual profile of students in relation to the complex concept of climate
change (Mortimer, 2016).

When asked if they could help mitigating climate change, most students answered “yes”
(66.7%). In the pre-test questionnaire, 9 students did not answer and 1 did not know which kind
of action they could take to mitigate climate change. In the post-test, only one student did not
answer. Overall, in the post-test there was an increase in the number of possibilities cited by the
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students, such as the decrease in pollution, decrease in global warming/greenhouse effect,
decrease in deforestation, decrease in consumption, decrease in the use of fossil fuels and increase
in the use of public transportation (Figure 20). According to Stevenson Nicholls & Whitehouse
(2017), teachers must encourage students to think critically and creatively about approaches to
climate change mitigation and adaptation and develop their capacity to respond with meaningful
actions.

B Post-test B Pre-test

Colective actions

Decreasing pollution e 8
Decreasing the emission of gases  S5sSum 4

Decreasing the emission of carbon dioxide =1
Decreasing global warming/greenhouse effect s 4
Decreasing the production of waste =5
Decreasing deforestation & 3
Reducing the use of fossil fuels g
Reducing consumption gy
Using public transportation 573

Did not answer S —
Did not know gy

0 2 4 6 8 10 12 14
Figure 20: Number of citations in the answers of students of the actions that could help mitigate climate change. More than one
alternative was possible, since the question was open.

6.3 Post-test questionnaire results

In this subsection we present the results obtained from the data collected from the post-test
questionnaire, in which we considered the answers given by the thirty-three students who
completed the pre and post-test questionnaires.

Most of the students chose the challenges (33.3%) and the educational content (30.3%) as
the feature they most liked in the game (Figure 21). Amory et al. (1999) suggest that players prefer
or are more motivated to play games with objectives requiring higher order thinking skills,
including visualization strategies that nurture creative problem solving and decision-making.
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@ The graphics @ The story
The characters @ The educational content
@ The challenges @ The duration (the playtime is short)
@ The duration (the playtime is long) @ The soundtrack
@ Other

Figure 21: Percentage of answers regarding the features the students liked the most of the game.

In addition, the majority of students answered “other aspects” (27.3%) and the graphics
(24.2%) as the feature they most disliked in the game (Figure 22). When asked which were the
“other aspects” they disliked the most, 5 students declared that they found physics bugs during
the playing time, which forced them to reset the game. According to Magerko, Heeter & Medler
(2010), the participants of serious game tests have individual differences that may make a serious
game particularly ineffective and uninteresting for some learners. Also, the authors affirm that the
inherent disparity in the effectiveness of even well designed serious games is a problem that need
be addressed by recognizing the individual differences between students and changing the game
design and development practices to accommodate those differences.

@ The graphics @ The story

The characters @® The educational content
@ The challenges @ The duration (the playtime is short)
@ The duration (the playtime is long) @® The soundtrack

Other

Figure 22: Percentage of answers regarding the features the students disliked the most of the game.

Two items assessed students’ future intentions regarding the “Apicum Game”. The first
assessed intentions to play the game again, asking “Would you play the game again?”. The other
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assessed their intention to recommend the game to someone else, asking “Would you recommend
this game to a friend?”.

When asked if they intended to play the game again, most of the students declared that
they were willing to play the game again (60.6%) and none of the students declared that they
would not play the game again (Figure 23). In addition, 39.4% of the students answered “maybe”
when asked about the possibility of playing the game again. According to Burgers et al. (2015),
participants receiving negative feedback from a game are more inclined to play the game again
immediately than participants receiving positive feedback. The authors suggest that the will to
play the game again immediately is demonstrated by participants that want to redeem themselves,
or to succeed better at the task proposed. Also, according to Skinner (1954), repeated playing
serious games leads to more in-depth learning.

® Yes @ No Maybe

39,4%

Figure 23: Percentage of answers regarding the chance of playing the game again.

When asked if they would recommend the game to a friend, the majority of students
(69.7%) answered “yes”, some students answered “maybe” and none of the students answered
“no” (Figure 24). Przybylski, Rigby & Ryan (2010) suggest a link between game recommendation
intention with other factors, such as motivation for future play, enjoyment and game immersion.

Two items assessed students’ suggestions for improvements regarding the “Apicum
Game”. The first assessed the recommendations for game improvement, asking “What suggestion
would you give to improve the game?”. The other assessed the problems found during the game
testing, asking “Please inform us if you have found any problem or bugs in the game”.
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® Yes @ No Maybe

Figure 24: Percentage of answers regarding game recommendation to friends.

According to the distribution of suggestions for game improvements (Figure 25), most of
the students recommended to fix some physics bugs found in the game (39.4%) and to improve
the graphics (21.2%). According to Lewis, Whitehead & Wardrip-Fruin (2010) difficulty in
designing and testing games invariably leads to failures being present in the game, negatively
impacting the experience of the players.

Bugs NG 13
Customization N3
Graphics NG 7
Gameplay G4
More levels [l1
Longer duration [l1
More dialogs 1
Save option M1
Soundtrack M2
0 4 7 11 14

Figure 25: Number of students according to their suggestions for game improvements. More than one alternative was possible,
since the question was open.

Also, when asked about problems found during the game-play (Figure 26), most of the
students declared that they found some physics bugs in the game (63.7%). In addition, 1 student
that the game duration was too short and 1 student mentioned that the graphics need to be
improved.
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Longer playtime |1

Improvement in the graphics I1

0 8 15 23 30
Figure 26: Number of students according to the problems found in the game. More than one alternative was possible, since the
question was open.

Finally, two items assessed students’ learning process regarding the “Apicum Game”. The
first assessed the occurrence of learning during the game testing, asking “Did you learn new things
playing the game?”. The other assessed the concepts learned during the game testing, asking “Give
an example of something you learned from the game”.

The majority of students affirm that they learned new things with the game (60.6%) and
some students affirm that they did not learn anything new in the game (39.4%) (Figure 27).
According to Alincak (2016), game is an effective tool for mental and cognitive development of
students, since game activities promote knowledge acquisition through inquiry, trial, experience
and creative thinking for learning.

@® Yes ® No

Figure 27: Percentage of answers regarding the knowledge acquisition regarding the contents of the game.

When asked to give an example of something they learned in the game, most of the
students answered “awareness of climate change” (24.2%). Also, 5 students declared that they did
not learn anything new by playing the game (Figure 28).
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® Awareness @ Ecosystems

Coastal ecosystems @ Greenhouse effect
@ Scientific methods @ Climate change
@ Nothing @ Solidarity

Global warming

Figure 28: Percentage of answers regarding the contents of the game learned by the students.

7 Conclusions

This work showed that students who participated in the research generally play video games
for fun. Also, they have already heard about climate change, mainly in television and school.

It was possible to notice that the majority of students understood the concept of coastal
ecosystems, which was addressed in the game. Also, the game contributed to broadening the
conceptual profile of students in relation to the complex concept of climate change, with a
decrease in the use of tautological answers; a decrease in the misuse of the term “weather” to refer
to the concept of “climate”; an increase in the number of citations of the human influence on
climate change and in the number of citations of causes and consequences of climate change.
Finally, the game contributed to an increase in the number of actions cited by the students to
mitigate climate change, such as the decrease in pollution, decrease in global warming/greenhouse
effect, decrease in deforestation, decrease in consumption, decrease in the use of fossil fuels and
increase in the use of public transportation.

The auto-assessment of the students indicated they learned from the game and that the
educational content and challenges presented along the story were appreciated by them. Most of
the students would play again or indicate the game to a friend. However, the graphics and some
bugs must be improved/fixed so as to make the game more enjoyable. For future works, we intend
to fix the bugs reported during the test of the game prototype, and execute the test again
considering game flow and player engagement.
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