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A Comparison Between an Individual and a Collaborative
Versions of a Serious Game to Learn About Dengue Fever

Um Jogo Sério Colaborativo Para Aprender
Sobre a Doenca da Dengue

Abstract: Dengue fever is a major infectious disease caused
by arbovirus and there is no vaccine yet; prevention is the
action which raises the importance of an educational ap-
proach. The use of games to help in the educational process
can be motivating and effective but it is not clear which in-
teraction approach is the best: individual or collaborative. A
comparative study on a between subject experiment using
a single-player and a pair-based version of a Serious Game
that teaches about Dengue fever has been performed. Fur-
ther analysis (totaling 113 participants - players) assessed
game’s content, functions and feedbacks regarding motivation
and satisfaction. Both versions performed well but presented
different advantages: single-player version seems to be bet-
ter used for quick and focused consulting, and the pair-based
version seems to be slightly more motivating to the point that
players would be more willing to suggest it to someone else.
As a whole, data suggest that each interaction approach has
its role in the educational process with a small edge towards
the collaborative version, and should be carefully evaluated
against educator’s intents.

Keywords: Dengue fever. Serious games. Education. Colla-
borative learning.

Resumo: A dengue é uma doenca infecciosa grave causada
por arbovirus e ndo existe vacina ainda; ha a necessidade de
uso de abordagens educativas para enfatizar a prevengao des-
ta doenga. O uso de jogos como ferramentas para o processo
educacional pode ser motivador e eficaz, mas ndo esta claro
qual a abordagem de interagéo é a melhor: individual ou cola-
borativo. Um estudo comparativo foi realizado através de um
experimento entre-grupos (n=73) utilizando uma versdo indi-
vidual e outra colaborativa entre pares de um jogo sério que
ensina sobre dengue. Ambas as versdes foram bem avaliadas,
mas com diferentes vantagens: a versao individual pode ser
utilizada mais facilmente para consulta, ao passo que a versao
colaborativa se mostrou um pouco mais motivadora ao ponto
que os jogadores estariam mais dispostos a sugeri-lo a outras
pessoas. Os dados sugerem que cada abordagem de interagdo
tem o seu papel no processo educativo e deve ser cuidadosa-
mente avaliada com relagao as intengdes do educador.
Palavras-chave: Dengue. Jogos Sérios. Educagdo. Aprendi-
zagem colaborativa.
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1 Introduction

chools have been facing the need for diffe-

rent ways of teach using new technologies

as a motivational reinforcement for youn-
gsters. At the same time, computer games
increase its space in the international market
and have already drawn attention from educa-
tional institutions.

Serious games are computer applications
that merge serious aspects such as teaching,
learning, communication and information with
the playful interaction provided by the video
games where the main purpose is beyond pure
entertainment (ALVAREZ; DJAOUTI, 2011).
Differently from Commercial Off-the-Shelf
(COTS) games, serious games are designed
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specifically for learning, skill acquisition and
training purposes from the very beginning.
However, there is no consistent definition for
this term yet and little guidance about serious
game development can be found (BOYLE;
CONNOLLY; HAINEY, 2011).

Since the 1980s, researchers have been
talking about videogames as a model to enhan-
ce the learning environments with clear ob-
jectives, challenges and collaboration, giving
the learning control process to the students
(BOWMAN, 1982). However, the main focus of
videogames discussion in that decade was on
the social consequences of its use: the fear of
individualization — omission of social interac-
tions - in the learning process (CORTE et al.,
2003). The same individualization was sought
in common learning practice at schools, whe-
re students have been asked to work alone,
even when the majority of the researches hi-
ghlighted the effectiveness of cooperation (JO-
HNSON, R.T.; JOHNSON, D., 1988).

Over the years however, this context has
changed: people started to seek the commu-
nication and interaction benefits of computer
games. There are researches in the 21st cen-
tury that used these new technological possibi-
lities in order to facilitate the social interaction
among teachers and students, as well as stu-
dents among themselves (CORTE et al., 2003).
Also, researches began to question the fear of
social isolation when using individual games,
since players talk about experiences in sub-
sequent interactions with friends, even when
they have played alone beforehand (STENROS;
PAAVILAINEN; MAYRA, 2009).

Collaborative work is an ever so deman-
ding requirement for the work force and, for
the learning process, it is agreed that it also
helps learning. Collaboration is a skill that can
be taught and developed, even on videoga-
mes, but not so many serious games present

this feature, leading to new questionings that
are still to be answered properly, like: would a
collaborative version of an educational game
promote higher learning, interaction, satisfac-
tion and motivation than a standalone version
of the same game? How players would feel
about their partners on a collaborative game?
What are the differences and applications of a
standalone to a collaborative game?

In order to investigate the player perception
when playing collaboratively or individually,
two serious games were developed following
the same base guidelines in terms of contents,
looks and elements of interaction, but one is an
individual version while the other is a collabo-
rative version. Both games tackle dengue fe-
ver as the subject matter and were targeted to
children and youngsters.

Dengue fever is an endemic disease that
affects tropical and subtropical countries in the
Asia-Pacific region, Americas, Middle East and
Africa. In the Americas, the epidemiology of
dengue was recently reviewed; Guzman and
Istlriz (2010) emphasize the great increase of
reported cases in this specific area during the
last three decades. In Brazil, where recent ou-
tbreaks occurred, during the last decade, an
increase from 228 thousand to 1 million repor-
ted cases have occurred (BRASIL, 2013). It is
estimated that about 50-100 million humans
are infected annually, where 22 thousand of
them die (GUZMAN; ISTURIZ, 2010).

Since the dengue fever is an ever present
disease in many countries and does not have
a vaccine available yet, it would be better to
educate people - especially kids and teena-
gers - about this disease and its prevention. It
would be reasonable to use a computer game
in this case because people nowadays are at-
tracted to this type of media. This could encou-
rage people to fight against dengue through
the elimination or treatment of places where
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the mosquitoes - the disease vector — deposit
their eggs. Doing so, a reduction in the mos-
quitoes breeding cycle can be reached, redu-
cing the disease cases.

The two serious games developed are part
of a sequel named Sherlock Dengue (SD) that
mixes desktop virtual reality with the dengue
fever problem. The individual version of the se-
quel is the SD version 2 (SDv2) and the colla-
borative version is the SD version 6 (SDv6).
Although these games were developed using
different approaches the content and game-
play were kept as similar as possible.

The objective of this paper is to present a
comparison between players’ perception when
playing the individual or the collaborative ver-
sion of SD. A preliminary between-subject stu-
dy with 53 participants was conducted in order
to investigate satisfaction and motivation while
playing both versions of the game.

This paper is structured as follows: in chap-
ter 2 a literature review is presented, in chap-
ter 3 a summary of Sherlock Dengue’s project
is shown, revealing what have been done so
far, but emphasizing the SDv2 individual ver-
sion and the SDv6 collaborative version, in
chapter 4 this study methodology is presen-
ted, in chapter 5 the results and the analysis of
the collected data are shown and discussed, in
chapter 6 the conclusions are presented, follo-
wed by the acknowledges and references.

2 Related Works

In order to find related works, two search
lines were sought: games about dengue, and
studies about collaboration’s role in the lear-
ning process - the so called Computer-Suppor-
ted Collaborative Learning (CSCL).

2.1 Games about Dengue

As a global problem, several approaches
were conducted around the globe, especially
in the tropics where the disease is more active.

Lennon and Coombs (2006) studied the in-
fluence of gaming in the dengue’s learning pro-
cess in The Philippines, but with a board game
(Goodbye-to-Dengue); they claim the board
games are adaptable, cheap, and promotes in-
dependent learning. The game uses interactive
cards to present dengue’s content, addressing
the mosquito characteristics, disease control,
treatment, disease signs and symptoms, and
the reinforcement is obtained through the
answers to the game’s questions. Lennon and
Coombs (2006) analyzed the learning efficacy
in knowledge, attitudes-beliefs, and self-effi-
cacy, in a group of 168 children and teenager
from private schools in The Philippines. The ex-
periment used between subjects design, where
the students were split into two groups: one
that just used the game and other that just
took classes about the subject. The results
shown the group that took just classes had
better knowledge results, both groups had in-
significant raise in attitudes-beliefs index, and
the self-efficacy had a significant grow in both
groups. Despite the knowledge results has
shown better improvement on the group that
took just classes, Lennon and Coombs (2006)
argues that this group performance depends
on lecturers skills and experiences, and for this
study, the best teacher among the student te-
acher population was chosen as lecturer.

From Venezuela, Vivas and Sequeda (2003)
studied the efficacy of a game (Jugando em sa-
lud: dengue - Playing for health: dengue) as a
learning tool for control and prevention against
the dengue fever disease and its vector in the
area, the Aedes Aegypti. The game - develo-
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ped with international support (Pan American
Health Organization and World Bank) - was de-
signed to educate Venezuelan school children
about dengue, arouse their motivation, curiosi-
ty and participation. There were 621 attendees
in the experiment, ranging from 8 to 16 years
old, which were split in three groups (between
subjects experiment design). The first group
should use the game three times per week, in
a period of sixty days, and their teachers recei-
ved new theoretical materials about dengue;
the second group was benefited from new ma-
terial, but not the game; and the third group
do not received any extra material, following
just the regular learning program. All the three
groups were evaluated with questionnaires
before and after the program, where the first
and the second group had a bigger increase in
dengue knowledge. In addition, the game had
shown to be well accepted by its players.

In Brazil, Silva et al. (2011) introduced a
Role Playing Game (RPG) about dengue fever
(Exterminadores de dengue - Dengue termi-
nators) in which the players learn about the
disease in a virtual environment that highlights
the local geography, living standards and cul-
ture. The game’s story takes place in a fictio-
nal town, when the player’s avatar learns that
one of his/her relatives has contracted dengue
fever. The gameplay basis is to eliminate the
disease vectors - in RPG battle style - and its
deposit spots, while finding and bringing me-
dicines to his/her relative, to learn vital infor-
mation and to get tools with non-player cha-
racters. The game was under development and
no experiment using this game was conducted
yet.

Another Brazilian game! (Contra Dengue -
Against Dengue) was introduced by Pereira et

t Site: <http://www.ludoeducajogos.com.br/site/jogos/con-
tra-a-dengue>.

al. (2011). It is an arcade game, similar to the
very popular Mario World, where the player has
to explore the environment, overcome obsta-
cles and eliminate deposit spots for mosquito-
es. In addition, while wandering through the
game, the player may find items for restore
his life, extra chances to continue if he loses,
and medals to earn more points. The target
audiences are children and teenagers, but no
studies about its use were reported by Pereira
etal. (2011).

There are also many online games? 3 # avai-
lable dealing with the dengue fever issue, but
they lack content regarding the disease which
is presented separately - in the main menu the
player could choose between play the game or
read the content — and the game’s main focus
is on entertainment. Furthermore, these ga-
mes have the same 2D Flash™ look and feel.

2.2. Computer-Supported Collabora-
tive Learning

Many studies concerning the use of collabo-
rative educational games in the learning pro-
cess have been conducted in the recent years.
Collazos et al. (2007) evaluated the collabo-
rative learning process (collaborate to learn)
and the learning of how to collaborate process
in small groups working synchronously, using
six tools. In their study they suggested a set
of five system-based indicators of success on
collaborative learning - use of strategies, in-
tra-group cooperation, reviewing success cri-
teria, monitoring and performance - that could
be measured by proposed metrics.

2 Dengue - <http://mrjogos.uol.com.br/jogo/dengue.jsp>.

3 Dengue Buster - <http://www.tomsgames.com/game-6301-
-play-dengue-buster.php>.

4 Combater a Dengue - <http://mrjogos.uol.com.br/jogo/
combater-a-dengue.jsp>.
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Sung and Hwang (2013) investigated the
efficacy of the Mindtool-assisted collabora-
tive game-based learning approach in lear-
ning achievements, attitudes toward science,
motivation, and group learning. A repertory
grid-assisted collaborative educational game
- using a RPG style subsystem and an area
for collaborative knowledge construction — was
developed for the elementary school natural
science course, addressing to plants recogni-
tion in a fantasy story, where the players had
to fill their repertory grid by collecting detailed
information about specific plants, or by discus-
sing collaboratively with their peers. Ninety-
-three sixth graders students divided in three
classes were guided to organize knowledge
of differentiating plants using the presented
game, in one hundred minutes. In the betwe-
en subjects experiment, one class - the expe-
rimental group - learned with the collaborative
game with the repertory grid approach; the
other class - the first control group - learned
with the conventional collaborative game wi-
thout using repertory grids; and the last class
- the second control group - learned with the
game individually, but developing their own
repertory grids. The results showed a signifi-
cant increase in the experimental group lear-
ning achievements, learning attitudes toward
science, motivation and self-efficacy. Although
the main attention in this study was focused on
the use of a repertory grid in collaborative ga-
mes, Sung and Hwang (2013) have compared
a collaborative and an individual version of the
same game.

Bilsen, Bekebrede and Mayer (2010) used a
simulating game for complex adaptive systems
understanding. It is a multiplayer simulation
game (SimPort-MV2) which simulates the com-
plex adaptive systems of the port extension
Maasvlakte in Holland, requiring several deci-
sions to be made. According to Bilsen, Beke-

brede and Mayer (2010), a simulation game
was chosen to teach about complex adaptive
systems because it could provide a decision su-
pport method with realistically human players,
social interactions, physical and social rules.
In their study, 415 people used the SimPort-
-MV2 and after playing, the participants agre-
ed the game is educative, enjoyable, detailed,
realistic, and promotes communication and
cooperation, being a motivating environment
to get insights of complex systems. The focus
of Bilsen, Bekebrede and Mayer (2010) study
was not in the collaborative aspect, but in the
game’s content.

Padrds, Romero and Usart (2012) attemp-
ted to measure the knowledge convergence
process — where more than one person rea-
ch a mutual understanding after a social and
cooperative interaction in a task, with similar
knowledge - using a collaborative game called
MetaVals. This game has the objective of te-
ach finance concepts, through a collaborative
(two players) classification of items as assets
or liabilities, where the players should agree in
a final answer. Seventy finance post-graduate
students participated in an experiment, playing
collaboratively in pairs in various situations:
fully online, face-to-face, synchronous, or even
asynchronous. The data was collected in pre,
on and post task stage, which indicated higher
improvement in the learning performance of
participants with lower domain knowledge.

A controlled experiment was held by
Hamalaine et al. (2006), aiming to promote
collaboration between players and the learning
of how to collaborate, using a 3D collaborative
game (eScape) - a four player social action ad-
venture game, where the players had to work
collaboratively on a set of problems in order to
escape from the scenario - in which 24 univer-
sity students played for 60 minutes. The data
analysis indicated most groups achieved a high
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level collaboration, but an initial individualistic
behavior was seen, where the tasks compelling
the players to work together were the key for
fostering the collaboration. In addition, there
were significant differences in the spent time,
collaboration degree, assumed roles and the
attitudes among the groups.

Zea et al. (2009) listed recommended ele-
ments in collaborative educational videogames
as a guideline to follow, and then analyzed
their involvement with three vital layers in the
videogame architecture: game core, game en-
gine and game interface. They presented the
redesign of a single player videogame (Leon-
cio on the Island of the Lost Vowels) for young
children (three to four years old) into a colla-
borative educational game, using their sugges-
ted guideline. No evaluating method was used.

In some way similar to the Zea et al. (2009)
study, Kemczinski, Marek and Hounsell (2007)
also presented a study that provided some
guidelines for collaborative and cooperative
characteristics. In this research the relation
between collaboration and cooperation was in-
vestigated, where an intersecting relationship
was defended. To indicate some differences
between the two processes, a list of system’s
aspects were argued to be more inclined to su-
pport one than the other and vice versa.

Paraskeva, Mysirlaki and Papagianni (2010)
also investigated collaborative learning in
multiplayer online games. Several researches
about game trends were revised including as-
pects like frequency of game play, game pre-
ferences and academic performance. Also, the
development of multiplayers educational ga-
mes based on an activity theory system was
proposed but just in theory.

2.3 Discussion

There are many games about dengue, but
their content is nonexistent or very limited, and
in several cases not directly linked to the game
play. In other cases there are two components
of the game: the game itself and attached in-
formation. This strategy suggests players that,
there are the fun and entertaining side, and
the boring and tiring side, what goes in the op-
posite direction of the serious games purpose.
What must be sought in serious game is how to
merge, in an interesting way, the information,
habit or experience with a gameplay.

All the videogames found were 2D and most
of them do not report if they are open source
or not. In the literature and also in the inter-
net, the search for collaborative videogame
dealing with the dengue issue or even just a
3D videogame about dengue fever returned no
results. Also, one could notice that online ga-
mes, with few exceptions, were much more in-
clined to entertain rather than teach, whereas
the academic-breed games were more inclined
to teach rather than entertain.

Computer-Supported Collaborative Lear-
ning studies mainly concerns to the improve-
ment of the learning process using the colla-
borative aspect and how to foster the most of
collaboration between groups of players. There
are lots of questions to be answered and one
of them, that was underexplored, is the rela-
tion of motivation and satisfaction between a
collaborative and a single player serious game.

3 Sherlock Dengue

The Sherlock Dengue’s (SD) project is an
initiative to bring people’s attention to virtu-
al reality and related technologies toward the
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public health issue of dengue fever (SCHMITZ;
KEMCZINSKI; HOUNSELL, 2004). This project
embraces the development of serious games
using different game designs and technologies
intending to present general dengue informa-
tion interactively (SHERLOCK..., 2013).

The name of the project refers to the fa-
mous detective Sherlock Homes and his skills
to look thoroughly for clues, or in this case,
the whereabouts of mosquitoes’ eggs. Curren-
tly, SD is the only 3D computer game sequel
existing so far that addresses to dengue fever.
Its target audiences are children and teena-
gers aged between 8 to 15 years old. With the
development of a collaborative version of the
game, and a new version for health professio-
nals, at this very moment, the SD sequel has
eight versions, all freely available in Portugue-
se language.

Sherlock Dengue has been evolving throu-
gh various improvements and technologies
(SHERLOCK..., 2013): SDv1l The Begins - fo-
cus on old beliefs of true and false mosquito
deposit spots (SCHMITZ et al., 2004); SDv2
It is Everywhere - the player have to interact
with four kinds of objects for learn more about
dengue and answer to questions about this
subject, in order to earn points and move on
to the next levels (HOUNSELL et al., 2006a);
SDv3 Buzzing Around - an improvement of
the previously version, including sound effects
and speeches (HOUNSELL et al., 2006b); SDv4
Augmenting the Search - introduced the use of
augmented reality technology in the gameplay
(TREVISAN et al., 2009); SDv5 The Elimina-
tor - used Flash technology to create a diffe-
rent gameplay, focusing in the match of each
mosquito deposit spots with the correct item
or procedure used to clean it up (HOUNSELL;
MIRANDA; KEMCZINSKI, 2010); SDv6 You are
not Alone - the collaborative version introdu-
ced in this paper; SDv7 PRO - a version with

more challenging questions, recommended
for health professionals (doctors and health
agents); and SDv8 The Neighborhood - a new
redesigned version with improved graphics and
interactions that included a collaborative-com-
petitive (pair duel) gameplay (BUCHINGER;
HOUNSELL, 2014). Despite the changes and
improvements that have been made, all these
versions have kept the look, feel and educatio-
nal focus of the game.

3.1 Sherlock Dengue’s Gameplay

In this paper we focus on the SDv2 and
SDv6. In fact, the main reference to conceive
the game play of SDv6 was the SDv2, and it
was chosen because it is a standalone version,
easy to use, stable and it has been the refe-
rence for the other versions so far. Both in the
second and sixth version, there are eight levels
that take place in two different 3D scenarios
- a mid-class apartment environment and a
shanty house environment - in which there are
essentially four kinds of interactive objects:

e The racts (Figure 1-A): represented by
books floating around; present textual
information related to the dengue disea-
se such as its symptoms and treatment,
prevention, the mosquito vector Aedes
Aegypt and Aedes Albopictus, and the
disease cycle;

e The mosquito peposiT spots (Figure 1-B):
represented by several objects such as
tires in the garden, cans with water, and
flower vases. When the player interacts
with them, a multiple choice question
about dengue is presented to him. If it
is correctly answered the player earn
points (ranging from 10 to 30 points,
according to the difficulty), otherwise
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he loses points (-33% over the obtaina-
ble points from that particular question)
but he is able to answer it again and get
points later. The mosquito peposIT spoTs
are always linked to a ract: the ques-
tions in them refer back to the informa-
tion given by a fact in previous level;

e The reminpers (Figure 1-C): represen-
ted by big yellow post-it's also floating
around that brings again (in the current
level) the information presented in rFacTs
of the previous level. The rReMINDERS are
also always linked to a mosquito peposiT
SPOT, appearing in the same level howe-
ver, its use reduce the obtained points
by 50% when answering the related
question (i.e. if the question value is 30
points, the player would earn just 15
points), but also, it decrease the losing
points from -33% to -25% over attai-
nable points (i.e. if the player answer
wrongly a question of 30 points, nor-
mally he would lose 10 points, but if he
had used the reminDER he would lose only
8 points). This strategy value the player
to go after the actual information than
doing a trial-error attempt;

e The curiostTies (Figure 1-D): represented
by big mosquitoes with a question mark
above their heads that presents additio-
nal information - usually historical data
- about dengue fever that would not be
asked to the player in questions.

The player of SDv2 plays the role of a den-
gue virtual inspector, where the main objec-
tive is to earn points for finding the mosqui-
to peposiT spots and answering the questions
- reinforcement through answering questions,
similarly with Lennon and Coomb (2006) ap-
proach - in order to pass through all levels
and, in the process, learn about dengue fever.

Initially the player will start in a scenario whe-
re rFacTs present information needed to answer
questions in the next level. From the second
to the seventh level, there will be curiosiTIES,
mosquito DEPOSIT sPOTs, REMINDERS and FAcTs. Fi-
nally in the eighth and final level, there will be
again all the interactive objects except for the
FacTs. To jump from one level to the next one,
the player needs to earn a minimum amount
of points, ranging from 40% to 70% over the
maximum attainable points, except for the first
level, where he/she can move on at any time,
because there is no question.

(©)

(A) (B) (D)

FIGURE 1 - Sherlock Dengue’s interactive objects:
(A) racts, (B) mosquito peposiT spoTs, (C) REMINDERS,
and (D) curiosITIES.

SOURCE: Our authorship

It is important to notice that one player
should not complete a level without reading
the racts, because if he tries to use just the
REMINDERS in order to answer correctly the ques-
tions, he will not obtain enough points to move
to the next level. Similarly, if the player uses
the trial and error method, he would have one
quarter of chance to be correct in each of the
seven questions, and most likely he will not
obtain the minimum required points.

3.2 Collaborative Sherlock Dengue

The main motivation to create a distributed
collaborative version of SD was the attempt to
increase the player interaction with the game
and the learning content. Collaboration is a
way to emphasize the workgroup and social
interactions.

74



Porto Alegre, v. 18, n. 1, jan./jun. 2015
ISSN impresso 1516-084X ISSN digital 1982-1654

INFORMATICA NA EDUCAGAO: teoria & pratica

To conceive the collaborative version for
SD, some alternatives about how to create
an attractive collaborative gameplay without
changing the principles of the SDv2 have been
considered. Criteria presented by Kemczinski,
Marek and Hounsell (2007) were used to drive
and check the collaboration degree intensity
promoted by the environment. At the end of
this process we came up with a shared virtual
environment for two players, where each one
controls its own avatar - with the same ca-
pabilities - provided with a chat to allow the
communication between players.

The gameplay itself had to be changed in
order to adapt to the collaborative dynamics,
but the tridimensional environments, basic ga-
meplay and objects from the individual version
were reused in this new version. Also, the da-
tabase with dengue fever’'s questions and in-
formation were all kept the same.

Despite both versions being implemented
with different technologies - the SDv2 used
HTML, PHP> and X3D® while the collaborative
version SDv6 used JAVA’, RMI® and Xj3D° te-
chnologies — we aimed to keep the looks, feel
and contents as similar as possible. The result
can be seen comparing Figure 2, which shows
a SDv2 screen of an apartment environment,
and Figure 3, which shows a SDv6 screen of
a poor shanty house. Each numbered circle
represents a specific area of the game. The
circles displays: (1) feedback and information
area, (2) visual 3D area, (3) status area, (4)
question area, (5) level control area, and (6)
chat area (exclusive for SDv6).

5 Eletronic mail: <http://php.net/>.

6 Eletronic mail: <http://www.web3d.org/x3d/>.

7 Eletronic mail: <http://www.java.com>.

8 Eletronic mail: <http://www.oracle.com/technetwork/java/
javase/tech/index-jsp-136424.html>.

° Eletronic mail: <http://www.xj3d.org/>.
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FIGURE 2 - The apartment environment
in the Sherlock Dengue v2 game.
SOURCE: Our authorship
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FIGURE 3 - The poor shanty house environment in
the Sherlock Dengue v6 game.
SOURCE: Our authorship

Nevertheless, with different technologies,
system’s requirements for each game are di-
fferent. SDv2 is playable at a web browser that
supports X3D visualization, and SDv6 needs
Java with the binary codes of the Xj3D.

Some of the SDv6 gameplay characteristics
include:

e Collaboration restricted to a pair of
players due to the game chosen strate-
ay;

e Free movement and a countdown ti-
mer was included, where the time is the
same for both players, as well as the
score;

e To foster exploration and communica-
tion, a remunerative chat that analyses
the input text was adopted, granting
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additional time to the pair according to
the correctness and size of the text;

e The chat uses visual and auditory alerts
to notify new messages;

e The ‘curiosities’ have a new functionali-
ty: now the pair earns time when finding
and interacting with them;

e Collaborative decisions were introduced,
requiring approval from the collaborator
- because both players will be affected
- for restarting the current level, advan-
cing to the next level or consulting the
REMINDER;

e To proceed to the next level, both players
have to answer correctly some ques-
tions, because one player cannot obtain
alone the minimal required points.

3.3. Game’s Communication Architec-
ture

As the single player and the collaborative
Sherlock Dengue’s versions use different tech-
nologies, the architecture for both games are
distinct. While SDv2 uses the internet archi-
tecture where there is one server and seve-
ral clients requesting data, SDv6 uses unusual
client-server architecture with one server for
every two clients (Figure 4). In the collabora-
tive version, the server works as a mediator
between the clients, passing on game’s infor-
mation such as: updated current time, chat
messages and, requests for using reminders or
to restart the current stage.

Server Subsystem
¥ Client Subsystem

Mediator Communication Module Q

Java RMI R Java RMI Module

Java RMI

Sherlock Dengue Communication Module Sherlock Dengue
Java/X3D Java RMI Java/X3D

Client Subsystem
Client 2

Client 1

FIGURE 4 - SDv6 communication architecture.
SOURCE: Our authorship

The SDv6 server was reused from another
collaborative application (DIAS et al., 2011)
and improved for better efficiency and auto-
mation of game initialization. The server was
bounded to the client application, being started
when a player chose to create a new game.
In this way, the first player has to create a
new game while the second player needs to
input his collaborator IP address to enter in the
game.

4 Methodology

To check the satisfaction and motivation in
both SDv2 and SDv6, a questionnaire with ele-
ven questions addressing the game’s functions
and the content about dengue fever was com-
posed (Table 1). There are nine multiple choice
questions that were assessed in a Likert Sca-
le, ranging from 1 (low) to 6 (high), and two
open-ended questions. Through this question-
naire each version’s strengths and weaknesses
were found, and a comparison between SDv2
and SDv6 could be performed.

TABLE 1 - The questionnaire to evaluate satisfaction,
motivation and collaboration.

Group Questions

Q1 - How was the quantity and clarity of
functionality information about the
game?

Q2 - How easy was to understand the
functions of the game and to learn
how to play (interact with facts, re-
minders, curiosities and deposits)?

Q3 - How was your motivation to move on
to the next levels of the game?

Q4 - How would you grade the functions of
the game’s interface?

Q5 - How easy was to be oriented and to
navigate on the game?

Game’s Functions
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Q6 - How was the clarity of the instructions
/ information about dengue fever?

Q7 - How much information have you lear-
ned about dengue fever?

Q8 - How much do you intend to use this
game in the future to study dengue
fever?

Q9 - How would you rate your level of con-
fidence to suggest this game to so-
meone else learn about dengue fever?

Dengue Fever

Q10 - What are the most important streng-
ths of Sherlock Dengue 6.07?

Feedback

Q11 - What are the most important weak-
nesses of Sherlock Dengue 6.0?

SOURCE: Our authorship

To conduct the experiments, a testing pro-
tocol and an experiment description were de-
signed. During the pre-test phase, participants
were asked to use either the individual or the
collaborative version of SD. Several pre-tests
were performed with smalls groups ranging
from 6 to 18 children, teenagers and youngs-
ters, in sessions of 30 minutes long in average.
All the attendees sign a written consent to par-
ticipate in the experiments voluntarily.

5 Results and Analysis

Based on the participants’ answers, a com-
parative analysis about satisfaction and mo-
tivation could be performed. As the target
audiences for SD are children and teenagers
aged between 8 to 15 years old, the data was
analyzed in two steps: firstly considering just
the answers from the target audience, and se-
condly considering all the answers - including
the youngsters who also have participated.

5.1 Target Audience Perception

A total of 53 children and teenagers met the
criteria as target audience. From this group,
35 used the individual version (SDv2) and 18
used the collaborative version (SDv6). SDv2
players, 51% male and 49% female, have
12.03 years of age on average (M,.), with
standard deviation (o) 2.61, coefficient of va-
riation (c,) 21.72%, negative skew and pla-
tykurtic distribution, while SDv6 players, 83%
male and 27% female, have p = 12.06, with
0 = 1.99, ¢, = 16.47%, positive skew and pla-
tykurtic distribution.

The collected data as response to the ob-
jective questions (scale 0 to 6) of the questio-
nnaire were grouped, analyzed and then com-
pared. Figure 5 shows these data, presenting
the average for each question (number inside
the boxes) and their standard deviations (black
vertical lines).
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FIGURE 5 - Results obtained from the target audien-
ces participants of the tests in response to the objec-
tive questions of the proposed questionnaire.
SOURCE: Our authorship

The high rates for both SDv2 (at left) and
SDv6 (at right) indicates good acceptance
from the target audience, where the total ave-
rage (u,) of SDv6 was 4.93 and o = 1.04, and
the total average (u,) of SDv2 was 4.55 and o
= 1.53. This result shows better acceptance of
the collaborative version but statistically insig-
nificant difference.
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Two aspects presented the biggest differen-
ce in y: the clarity of instructions and informa-
tion about dengue fever (Q6) was considered
better for SDv2, while the confidence to show
the game for someone else (Q9) was conside-
red better for SDv6, both with p = 5.50 and
similar o = (0.87 and 0.83). The easiness of
orientation and navigation (Q5) was the worst
evaluated question in SDv2.

A linear correlation (r) analysis between
questions was also performed for each of the
versions, but no strong correlation (|r| = 0.7)
has been found. Although, moderate correla-
tions (0.5 < |r| < 0.7) has been found in SDv2,
where 25.14% (r2) of Q1 (quantity and clarity
of functionality information) variance could be
explained by Q4 (functions of the game inter-
face) variance, 31.68% of Q4 variance were
related to Q8 (intention to use the game for
dengue fever studies) variance, and 31.75% of
Q8 variance was also related to Q3 (motivation
to continue playing). The relations between Q8
and Q4, and Q8 and Q3, indicates a possible
tendency of future intention to use the game
when the players fell satisfied with the functio-
nalities of the game interface and when they
are motivated to continue playing. No modera-
te correlation has been found in SDv6.

In order to compare the results of the indi-
vidual and collaborative versions, the average
differences were compared: SDv2 was better
evaluated than SDv6 in Q6 (clarity of instruc-
tions and information about dengue fever) with
99.43% of confidence. This was a surprise sin-
ce the content was exactly the same for both
versions and the groups ages were almost the
same. One possible explanation could be the
difference in the background of the groups
that could be confirmed in a more extensive
demographic data collection. Or, the single-
-player version would allow better concentra-

tion regarding the content. On the other hand,
SDv6 outperformed SDv2 in five questions: Q3
(motivation to continue playing) with 92.19%
of confidence, Q7 (information learned about
dengue fever) with 95.27% of confidence, Q5
(easiness of orientation and navigation) with
96.99% of confidence, Q4 (game’s interface
functionalities) with 99.40% of confidence,
and Q9 (confidence to show the game to so-
meone else) with 99.84% of confidence. Ques-
tions Q1, Q2 and Q8 had similar results in both
game versions and their average difference
could not be compared with high levels of con-
fidence.

Considering this analysis, it is possible to
conclude that, in general, the collaborative
version was better evaluated than the indivi-
dual version, with higher levels of confidence,
by the target audience. The data suggest that,
for the target audience, the collaborative ver-
sion was more motivating and its players were
more convinced to share it with friends.

5.2 General Perception

Considering all the participants of the tests -
target audience plus teenagers and youngsters
that did not met the age criteria - the game
was played by 113 people where 67 used the
individual version and 48 used the collaborati-
ve version. In this analysis SDv2 players, 60%
male and 40% female, had p,,. = 15.30, with
o = 4.25, coefficient of variation (c,) 27.80%,
positive skew and platykurtic distribution, whi-
le SDv6 players, 74% male and 26% female,
had Mage = 16.61, with 0 = 4.14, c, = 24.94%,
negative skew and platykurtic distribution.

All participants” answers to the objecti-
ve questions of the questionnaire were again
grouped, analyzed and then compared. Figure
6 shows the average for each question (num-
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ber inside the boxes) and their standard de-
viations (black vertical lines). Still, both ver-
sions were well assessed: p, = 4.61, 0 = 1.23
in SDv6, and p, = 4.48, 0 = 1.50 in SDv2. This
result indicates a good general acceptance,
very similar to both individual and collabora-
tive versions.

In this analysis, the higher and the lower
rate was repeated in SDv2, where the clarity
of instructions and information about dengue
fever (Q6) obtained the best mean (5.40), and
the easiness of orientation and navigation (Q5)
obtained the worst mean (3.61). Considering
all participants, SDv2 overall answers variance
has decreased (0.03), whereas SDv6 overall
answers variance has increased (0.19). Higher
variances (o bigger than 1.5) could be seen in
Q4, Q5, Q8 and Q9 in SDv2, and in Q8 in SDv6.

A new linear correlation (r) analysis between
questions has been performed for each of the
versions, but again no strong correlation (|r]|
> 0.7) has been found. Although, moderate
correlations (0.5 < |r|] < 0.7) has been found,
especially in SDv6: Q9 (confidence to show the
game for someone else) was related to four
other questions, where 32.36% of its variance
could be explained by Q1 (quantity and clarity
of functionality information) variance, 36.02%
by Q4 (game’s interface functionality) varian-
ce, 36.27% by Q5 (easiness of orientation and
navigation) variance, and 45.13% by Q8 (futu-
re intention to use the game) variance.
Moreover, 35.05% of Q8 variance was related
to Q7 (information learned about dengue fe-
ver) variance and 29.12% of Q5 variance were
related to Q4 variances.
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FIGURE 6 - Results obtained from all participants
responses to the objective questions of the proposed
questionnaire in the tests.

SOURCE: Our authorship

In SDv2, Q8 variance were again related
to Q3 (motivation to keep playing) (34.66%)
and Q4 (25.11%) variances, and 26.99% of Q6
(clarity of instructions and information about
dengue fever) variance was relate to Q1 va-
riance.

The multiple relationship of Q9 must be
highlighted: the players seem to care about
the quantity and clarity of functionality infor-
mation, the game interface, the easiness of
orientation and navigation, and their intention
to use the game again for study about dengue
fever when indicating the SDv6 to someone
else. These four aspects could be considered
as motivators to share the game.

To perform a final comparison between the
results of the individual and collaborative ver-
sions, the average differences were estimated
again. SDv2 is still better evaluated than SDv6
in Q6 (confidence factor ¢, = 98.70%), and
was also better evaluated in Q8 (¢, = 86.75%),
and Q1 (c, = 73.13%). However, SDv6 ou-
tperformed SDv2 in four other questions: Q2
(¢, = 86.90%), Q9 (¢, = 88.55%), Q5 (c, =
89.87%), and Q3 (c, = 99.99%). Questions Q4
and Q7 had similar results and its means diffe-
rence could not be compared with high levels
of confidence.

These results support the perception of the
target audience, being plausible to conclude
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that, in general, both versions - individual and
collaborative — were well accepted.

5.3 Sherlock Dengue Strengths and
Weaknesses

Feedback was obtained from two open-
-ended questions whereby participants could
inform their considerations about the streng-
ths (Q10) and weaknesses (Q11) of SD. From
question Q10, six SDv2 players and thirteen
SDv6 players highlighted that the game is edu-
cational and helps in the learning process, one
SDv2 player and five SDv6 players said the
content theme - dengue fever - was interes-
ting, one SDv2 player and three SDv6 players
said the learning was fun, one SDv2 player said
the game was easy to use, one SDv6 player
said the graphics were pleasant and another
SDv6 player said the game manipulation -
navigation and orientation — was good. From
question Q11, seven SDv6 players complained
about problems - malfunctions and crashes -
in the game, three SDv6 players disliked the
graphics, two SDv6 players argued the game
should have avatars for both genders, two
SDv2 players complaint about the game’s na-
vigation, one SDv6 player said the movements
were too slow, another dislike losing points
when answering incorrectly, and another one
complaint about the avatar.

It is important to emphasize that questions
Q10 e Q11 were not answered by all the 113
players and included controversial point of
views (e.g. some players liked the graphics
and the manipulation but others did not). Re-
garding the game’s problems complaints, some
players have experienced some anomalies in
the game; their session of use was interrupted
and started again. This interruption could have
influenced negatively the results.

In addition to the statistical analysis, at
least two more positive aspects related to the
collaborative play were noticed while monito-
ring the tests: some players had individualis-
tic behaviors initially (same fact was observed
in Hamalaine et al., 2006), but the gameplay
have fostered collaboration and there was gre-
ater engagement of the participants using the
chat to make plans and exchange information,
which can be explained by social psychology,
and; the players have achieved higher scores,
being exposed to large amount of dengue fever
information.

It should be noticed that the individual ver-
sion is available through the internet (SHER-
LOCK..., 2013) and users can access it anytime
without previous consent from a partner. This
freedom and availability turns SDv2 as a refe-
rence tool for further consulting.

5 Conclusion

The fight against Dengue fever is a sub-
ject of considerable attention by public health
agencies which seeks the disease prevention
primarily through the educational process, te-
aching how to stop the mosquito proliferation.
Thereby, an educational game could encourage
people, especially children and teenagers, to
know this problem and contribute to decrea-
sing the mosquito deposit spots and therefo-
re reducing the number of mosquito vectors
and dengue infections. However, dengue fever
prevention is not a one man problem. There-
fore, neighbor’s collaborative effort must be
emphasized. A collaborative educational game
can teach about dengue fever and increase
the interaction between the game users. This
collaborative version performs a fusion among
teaching about dengue, social interactions, fun
and entertainment. Two versions for a Serious

80



Porto Alegre, v. 18, n. 1, jan./jun. 2015
ISSN impresso 1516-084X ISSN digital 1982-1654

INFORMATICA NA EDUCAGAO: teoria & pratica

Game to teach about Dengue fever, called Sher-
lock Dengue (SD), were built: one individual
(SDv2) and other, collaborative (SDv6). Throu-
gh a comparison between SDv2 and SDv6, it
was found that both versions presented high
acceptance by the target audience (and even
by general youth public including children, tee-
nagers and youngsters).

As a whole, it is plausible to say that the
perceptions of a broader audience confirmed
those of the target audience and suggests that
both individual and collaborative versions per-
formed well, but the collaborative one was sli-
ghtly better on motivation and user’s willing-
ness to suggest the game to someone else.
The analysis took the users’ perspective to
satisfaction and motivation. Furthermore, the
results show that players preferred collabo-
rative interactions than playing individually.
Thus, besides collaborative approaches have
being considered better than individual ones
from teacher’s perspective (JOHNSON, R.T.;
JOHNSON, D. 1988, ZEA et al. 2009, SUNG;
HWANG, 2013), the players themselves did
like collaboration more. These results stress
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the potentials of collaborative serious games.
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