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ABSTRACT

This work aims to promote environmental awareness in children, as a philosophy of
life, to promote a culture of care for the ecosystem in their family and social envi-
ronment. From the field of video games, we wanted to achieve the proposed objec-
tive, for this we started from the design document, based on Rogers' model. Proto-
types were developed, levels were designed, resources were placed in the scenario,
physics and mechanics were tested. The agile Scrum methodology and the Unity
video game engine with C# scripts were considered for the development. The video
game consists of a superhero of nature with three levels, was generated in its initial
phase to be tested with the target audience. The results obtained from a control group
of children from 7 to 10 years old are presented. A user experience evaluation
method was applied by inspection to obtain results related to usability heuristics,
Gestalt principles, interactions, and perception of aesthetics.
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INTRODUCTION

Environmental conservation

One of the concerns facing humanity is related to actions to conserve the environment
through proper resource and waste management. (Arokiaraj et al. 2019) states that
global waste will increase from 1.3 billion tons in 2018 to 27 billion tons in 2050.
(Banerjee et al. 2019) analyzed the types of waste generated in the urban sector, in-
cluding biodegradable, recyclable materials, inert waste, hazardous waste, toxic
waste, etc. These wastes are causing serious problems to our health and the environ-
ment. The recommendation is to prevent through proper waste management and pub-
lic awareness. The government of Ecuador has a manual for the use of municipal
organic waste (Ministerio del Ambiente y Agua del Ecuador 2020), which is aimed
at companies that use municipal solid waste, but it does not describe any actions
aimed at the public to classify waste.

Educational video games

Video games have been with us for several decades, they have been used for many
purposes, from entertainment to therapeutic, educational, simulations and whatever
application we want to give them. Serious video games are used for educational pur-
poses, focused on promoting active learning (Menendez-Ferreira et al. 2020).

A team of researchers and developers generated an application, in line with the
objective of promoting environmental awareness in children, being this the starting
point to generate a culture of environmental conservation.

This work shows the production process of an educational video game oriented to
children between 7 and 10 years old, starting from the design document, subjected to
usability, interaction, and aesthetic perception metrics.

RELATED WORK

There is some research related to the topic, using didactic material, gamification, and
multimedia. Local applications and around the world aim to make the population
aware of the care of our environment. (Torres-Toukoumidis et al. 2020) present a
video game oriented to the public, whose mission is to collect organic and inorganic
garbage. (Robalino 2016) aims to teach children between 8 and 13 years of age to
determine which garbage can be recycled, is also analyzed. On the other hand, there
are applications that have been developed for a certain region or for specific interest.

METHODOLOGY

This section describes the methods used in the current work. Starting from the game
design document, the construction of physical and software prototypes, the validation
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of the mechanics, generation of the first version of the video game, finally the vali-
dation of parameters to determine the validity of the product.

Project structure

The project is proposed in two parts, an audiobook with the narration of the story,
and the game, where the proposed activities are developed to reinforce children's
awareness of environmental conservation. Table 1 shows the levels that will be built
in the video game with their respective story and objective.

Table 1. Activities included in the videogame

Level name Story Objective

Natu becomes a | Natu arrives at the party and becomes a su- | Everyone can be a superhero of the

superhero perhero when helps recycle nature

Collect the trash The player collects the trash from the river | the player learns to decontaminate
as indicated the rivers

Select  inorganic | The player identifies and collects the fall- | the player discriminates organic

trash ing inorganic trash from inorganic trash

Recycling The player collects all the garbage and | the player identifies the different
throw it into the cans labeled by type of | types of trash
waste

Waterfall methodology

The development process of a video game is like software development, following
the waterfall methodologys, it is divided into three stages (Atmaja and Siahaan 2016):
pre-production, production, and post-production. For the development of this project,
we start from a previous work of the same research team, where we wrote the game
design document, for which we followed the methodology of (Rogers 2014) and the
recommendations of (Schell 2019), in this way the pre-production stage is complete,
and the work is concentrated on the production phase

Prototyping

Physical prototypes were made with cardboard, paper, toys and other elements to
build the scenario, then test the physical mechanics and determine if the playability
is adequate, (Adams and Dormans 2012) recommend doing this to refine the project,
this was done using the participatory design work methodology (Asaro 2000), where
all participants were involved including the target audience. A physical prototype is
shown in Figure 1.
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Figure 1. Physical prototype Figure 2. Gameplay and game mechanics testing

Video game development

On the physical prototype, the mechanics were validated, a group of students tested
this scenario and described their experience. The playability with the main character,
physical mechanics such as jumping, walking, and flying and the interaction with the
other characters and the environment were measured. Figure 2 shows the validation
of gameplay parameters by the target group.

After analyzing the data, adjustments were made to make the software prototype, the
levels were built using the Unity video game engine (Camargo and Saenz 2021), sup-
ported by the agile development methodology SCRUM (Saputra et al. 2021), writing
scripts in c#, thus achieving a first software prototype where it is possible to interact
with the physical mechanics, internal economy, and progression. Figure 3 shows a
first prototype where most of its elements are tested.
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Figure 3. Software prototyping

RESULTS

The production process of this work generates an application with several immersed
activities, all associated with the narrative of this project: a boy who becomes a su-
perhero of nature, when he teaches his group of friends to collect and classify waste.
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The application is called The Adventures of Super Natu, in honor of its main charac-
ter, and is intended to run as an application on Windows and Mac computers, as well
as to be available in the main mobile application stores.

When the application is started, a navigation menu is presented, where users can
choose the different activities. This interface is shown in Figure 4.

MENU

Figure 4. Access interface to the application's activities

Having selected the game option, the first level is displayed, to pass it, at least a score
of one hundred points must be reached, then the next option is enabled to pass to the
next level. This level (Figure 5 shows an example) consists of collecting the waste
from the river, to do so, just select it with the mouse or with the finger in mobile
devices, avoiding selecting the fish to avoid reducing the score, the objective of this
level is to guide the children in keeping the rivers clean and preserving the existing
life in them.

g la basura, deja los peces en el rio

Figure 5. Game level 1: collecting garbage from the river

Once the previous challenge has been overcome, level two is enabled (as shown in
Figure 6), here the player is oriented to discriminate organic waste from inorganic
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waste, to achieve this, he must move Super Natu horizontally to catch the falling non-
organic objects. Avoid selecting the leaves so as not to decrease your score.

Recoge la basura no organica

Figure 6. Game level 2: collecting inorganic garbage

The next level is enabled once the previous ones have been passed, the objective is to
drag the garbage and place it in the bins as appropriate, when you bring a waste close
to the correct bin, it will open the lid to allow you to throw it there, in case it does not
correspond, you will get an alert indicating that the garbage does not correspond. As
shown in Figure 7.

Coloca,'a basura en su lugar

Figure 7. Game level 3: place the garbage in each garbage can as appropriate

The game is a practice activity, reinforcing the story narrated in the audiobook, where
Super Natu sensitizes the children not to litter and to help pick up garbage, discrimi-
nating according to the type of container.

Once the video game is finished, according to the design document and tuning, it is
subjected to usability, perception, and aesthetics tests. Using the Gestalt prototyping
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framework (Ripalda et al. 2020), where Nielsen heuristics and Gestalt principles are
linked. Tests were conducted with 152 children between 7 and 10 years of age from
a school in northwestern Quito. The instrument used employed 48 interactions and
12 tasks carried out in different periods of time. After each task, participants scored
their experience on a Likert scale (Hornbaek 2006).

The following activities were graded: Task 1: "Launch the video game and go to the
home screen"; Task 2: "From the home screen select the Audiobook option"; Task 3:
"Advance to the section where Natu becomes Super Natu"; Task 4: "From the audio-
book, return to the home screen"; Task 5: "From the home screen select the Game
option", Task 6: "In the first level, collect all the trash in the river until you exceed
100 points"; Task 7: "Choose the Next option to advance to the next level"; Task 8:
"On level 2, use the basket held by Super Natu to collect the inorganic trash, pass 100
points to advance to the next level"; Task 9: "Positioned on level 3, collect an organic
waste and drag it to the green trash can"; Task 10; "Stay on level 3, collect a paper
waste and place it in the blue trash can"; Task 11: "Staying at level 3, picking up a
plastic waste and placing it in the yellow trash can"; Task 12: "Staying at level 3,
picking up all the trash from the site by placing it in the respective container according
to type". Parameters such as speed (a), ease of use (b), and interface parameters (ex-
perience, learnability, ease) were measured. Table 2 shows the results obtained.

Table 2. Results of the execution of the tasks in the video game

Video game Preferred interface
a b rate Experi- Learnability Ease
ence
Task 1 5 5 10
Task 2 5 5 10
Task 3 3 4 7
Task 4 4 4 8
Task 5 5 5 10
Task 6 4 3 7
Task7 | 4 | 5 9 80% 95% 90%
Task 8 3 3 6
Task 9 4 4 8
Task 10 | 4 4 8
Task 11 | 4 4 8
Task 12 4 5 9
Total | 100/120
Perform. | 83.3%

CONCLUSIONS AND FUTURE WORK

Using a video game as a resource to make students aware of the importance of caring
for nature was a valid and motivating idea to get them interested and to reach the
objective of this project.

Developing a video game from the design document streamlines the production pro-
cess. This has made it possible to proceed directly to developing prototypes, testing
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mechanics and gameplay. On the other hand, involving the target audience in the tests
before having a first prototype of the videogame, has allowed refining the project to
bring it closer to the medium for which it was intended.

Selecting a relatively easy-to-use game engine, such as Unity, speeds up the devel-
opment process, allowing the proposed levels to be generated quickly. The team, with
prior knowledge of the game engine, was familiar with using it for development in-
stead of looking for other alternatives.

The usability test shown in the results made it possible to determine the difficulties
in the development of the activities and to propose changes. It is expected to use the
video game in educational institutions, validate again its usability and determine the
fulfillment of its objective.
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