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ABSTRACT

Edugames4all MicrobeQuest! is a mobile game that aims to teach
microbiology and create awareness about important healthcare
issues among 9 to 12 years old. This article presents the game,
discusses the game design and integration of the learning objectives
into the game mechanics. A pilot study has been performed to
assess the game effectiveness in teaching the learning objectives
integrated into the game. The study showed that the game can teach
the learning objectives, however, the knowledge difference has not
been statistically significant across all three learning objectives.
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1 INTRODUCTION

Currently, there is an increased ownership of mobile devices among
children [1]. They could be used to complement teaching in an
enjoyable manner through games. This paper will present a mo-
bile game, edugames4all MicrobeQuest! [20], aimed at improving
children knowledge about healthcare issues such as hygiene, infec-
tion prevention and responsible antibiotic use. A review of serious
games for health [4] aimed at games that address interventions
associated with infections and infection prevention and control has
shown that the research in this area is still emerging with most
studies focusing on the inception and development stages. In this
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study, we want to address part of the evaluation gap and present
an evaluation of existing games for health.

A previous version of this game exists as a desktop version
and the desktop version has previously been evaluated [9]. The
mobile version of the game had only been evaluated for usability
[21]. There are several challenges that can occur in using mobile
devices for learning including the possibility of cognitive overload
[23]. Therefore, the evaluation of the desktop version does not
necessarily guarantee the same results as the mobile version, an
evaluation of the mobile version of the game also being necessary.
This research will focus on exploring whether the mobile game
version improves the player’s learning outcome.

In order to address this aim, the paper is organised as follows.
The next section presents existing research on educational mobile
games. The following section describes the Edugames4all Microbe-
Quest!, what learning objectives are covered and how they have
been integrated into the game mechanics. This section is followed
by the evaluation and the results. This research ends with a presen-
tation of the study’s conclusion and proposed future work.

2 GAMES FOR HEALTH

Among STEM educational games, games that teach about healthcare
issue are the most popular [3]. It is probably not surprising as
serious games were embraced early by the medical community and
are aimed at improving directly or indirectly the physical, mental
and well-being of individuals.

Mobile games have been used to facilitate healthy living, reha-
bilitation or awareness about healthcare issues, such as improving
medication compliance for elders [6], as a means to research the nu-
tritional choices [12], promoting physical activity [13] or as part of
telerehabilitation programs [7]. Positive results have been reported
in the literature for improved medication compliance (tested in an
18 weeks user study), an improvement which has been higher for
participants that had a previous interest in games [6]. OrderUP!
[10], a game that aims to improve understanding of healthy eating,
has shown to lead to players showing early engagement changing
their eating habits [10].

As opposed to the above games, our game focuses on creating
awareness about hygiene and responsible antibiotic use among chil-
dren. Hand hygiene significantly reduces illness related absences
[22], whereas antibiotic resistance is an ongoing concern and re-
sponsible antibiotic use could help alleviate this issue [8]. With the
aim of addressing these issues, the desktop version of the game has
been adapted [9] for play on mobile devices as an app [19]. This
would allow us to assess how effective the app is in delivering the
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Figure 1: Player exploring the human body
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Figure 2: Player exploring the kitchen

educational message and the game’s appeal for children in our age
group.

A review of serious games for health [4] aimed at games that
address interventions associated with infections and infection pre-
vention and control has shown that the research in this area is still
in emerging form with most studies focusing on the inception and
development stages. Games that were evaluated and have been
focused on educating children about antibiotic resistance [11], [18]
have shown mixed results regarding their effectiveness. This re-
search aims to address this gap and to focus on the effectiveness
of the game on educating and creating awareness about hygiene
and antibiotic awareness, as children are one of the population
categories often ignored by the existing healthcare campaigns [16].

3 EDUGAMES4ALL MICROBEQUEST!

Edugames4all MicrobeQuest! is aimed at creating awareness about
microbe transmission; food, body and hand hygiene; and responsi-
ble antibiotic use [20]. The game was designed to focus on learning
objectives that would be covered in the primary school curriculum,
however, some of its content could be useful for the general public.

The game is organised across different missions, starting with
a tutorial mission aiming to familiarise the player with the game
mechanics. This was motivated by two principles. First, there is
empirical support showing that text based tutorials are not too ef-
fective [2, 17], especially when working with children [17]. Second,
having a tutorial level that slowly introduces the players to the
game mechanics has been shown to be effective in teaching the
game mechanics in other educational games aimed at children [17].

At the beginning of the game, the player is asked to select an
avatar. The selected avatar then shrinks up to the size of a microor-
ganism, allowing the player to interact with different microbes,
bacterias and viruses (see Figure 1 and Figure 2). By shrinking the
player, we can see the effect of different actions such as: what hap-
pens with the microorganism on the hand after washing them with
soap, how the milk becomes yoghurt with the help of a bacteria, or
what is the effect of not following the doctor’s instructions when
using antibiotics.

The game missions facilitate the exploration of different environ-
ments such as: human hand, human body (see Figure 1) or the food
in the kitchen (see Figure 2). During these explorations, the player
is taught the learning objectives through game mechanics and text
incorporated into the game. For example, in order to teach the
following learning objective: Our bodies have natural defences that
protect us, through the game mechanics the player avatar, shrunken
to the size of a microorganism and explores inside of the human
body. Through the journey, the player encounters harmful microor-
ganism. In order to protect the body and the player not to lose his
game life s/he has to collect white blood cells and throw them at
the harmful microorganism. The same learning objective would be
reinforced through text, by displaying to the player: There are good
and bad microbes. Good microbes can turn milk into yoghurt. That’s
how yoghurt gets made. Amazing isn’t it?.

To facilitate the educational content assessment, the game allows
for a similar integrated assessment of the educational content as the
desktop version of the game [14]. The game allows assessing the
player knowledge before and after being exposed to the learning
objectives in games, though a quiz similar with "How to be a mil-
lionaire". This could be used to assess the effectiveness of the game
without the need for additional questionnaires being delivered to
the students outside the game but also to determine what aspects
of the game are more effective in delivering the educational mes-
sage and what others need to be improved. An evaluation of this
kind of assessment on the desktop version of the game has shown
that 63% of the players preferred it, as opposed to questionnaire
before and after the game play [14]. Moreover, the quiz provides
an opportunity to provide the players formative and summative
assessment and feedback on their progress.



Table 1: Statements of the Questions used to assess Player’s Knowledge

Q. No. Question
Q1 If you cannot see a microbe it is not there
Q2 Bacteria and viruses are the same
Q3 Soap can be used to wash away bad bugs
Q4 You should wash your hands after handling raw meat
Q5 We use good microbes to make things like bread and yogurt
Q6 Antibiotics can harm our good bacteria as well as bad bacteria
Q7 Bacteria, viruses and fungi can be found in different enviroments
Q8 Bacteria, viruses and fungi come in different shapes and sizes
Q9 "Bad" microbes can make us ill
Q10 Not all microbes are harmful
Q11 Our bodies have defences to fight off disease
Q12 Antibiotics can be used ot fight off bacterial infections
Q13 If antibiotics are taken, it is important ot finish the course
Q14 Vaccines can be used to obtain immunity to viral diseases
Q15 Vacciness can be used to obtain immunity to viral diseases where the body’s natural defences
alone are not enough
Q16 | Bacteria are becoming resistant to many antibiotics due to antibiotic misuse (not finishing the course)

4 EVALUATION

The evaluation questionnaire was designed to cover the learning
objectives presented in the section above. Learning objectives were
assessed through a multiple choice questionnaire. These questions
have also been used to assess the same learning objectives in other
studies [9]. Table 1 presents the question’s statements. The player
had to state whether they agree with a given affirmation and had to
choose between the following options: True, False and Don’t know.

Paired sample t-test [5] was used to check whether there was
a statistically significant difference between the players’ answers
to the questionnaire assessing their knowledge before the game
(pre-test) and the questions assessing their knowledge after the
playing session (post-test).

4.1 Participants

A total of 19 participants from different socio economic backgrounds
and age groups took part in the study. The participants were re-
cruited from schools in the UK and an after-school computer club.
The children were recruited to match the age group the game was
aimed for. Their average age was 9.2 years old, standard deviation
0.91. Most of the participants were female (n=11) and most of them
were playing computer games on a regular basis.

4.2 Set-Up and Methodology

Before taking part in the study, consent was obtained from the
school and after-school club, and from the parents of the children
that took part in the study. All were provided with written in-
formation about the study. During the experimental section, the
children were explained the study again (by the teacher and/or
the researcher that carried out the study). They were given the
opportunity to ask questions and were given the option to leave
the study at any time (none of the participants opted for this and all

of them fully participated in the study). Afterwards, they asked to
complete a questionnaire collecting demographic information (age
and gender) and assessing their previous knowledge of the learning
objectives covered in the game. Next, the participants were given
a mobile phone (Samsung Galaxy S4), that had the game already
pre-installed. They were asked to play the game for thirty minutes.
Afterwards, they were asked to fill a questionnaire that comprises
of questions assessing their learning performance. The questions
assessing the knowledge before playing the game were the same
questions which assessed the knowledge after the game play.

4.3 Results and Discussions

To assess how much the players have learned we have compared
the study participants responses to the pre-test questionnaire (ad-
ministered before they played the game) to those of the post-test
questionnaire (administered after the playing session). Figure 3
presents the player’s answers to the pre-test knowledge questions.
It presents how many players answers on average correct, incor-
rect or reporting that they do not know the answer to the given
questions.

The Student t-test was used to determine whether there is a sig-
nificant difference between the answer to the questions before and
after playing the game, considering a 95% confidence interval. The
results showed that for one of the learning objectives, Q8 - Bacteria,
viruses and fungi come in different shapes and sizes, the difference
was statistically significant (see Table 1). For the other learning
objectives, the difference between the pre and post test was not
statistically significant. There are four reasons which might have
contributed to these results. First, the results could be explained by
the fact that the most of the players already know some of the con-
cepts covered in the game (see Figure 3 for the participants answers
to the questionnaire administered prior to the study). For example,
all students knew the correct answer to the questions four before



Figure 3: Players’ answers to the pre-test questions

Table 2: Paired t-test Results

Q. | Mean Std. Std. Error t P
No. Deviation Mean

01 -0.11 0.99 0.24 -0.48 | 0.63
Q2 | -0.056 0.72 0.17 -0.32 | 0.74
Q3 0.11 0.85 0.20 0.56 | 0.57
Q4 0.11 0.47 0.11 1.00 | 0.33
Q5 0.05 0.99 0.23 .23 | 0.81
Q6 0.38 0.77 0.18 2.12 | 0.05
Q7 -0.11 0.75 0.17 -.62 | 0.54
Q8 -0.44 0.85 0.20 -2.20 | 0.04
Q9 -0.16 0.70 0.16 -1.00 | 0.33
Q10 | -0.38 1.09 0.25 -1.51 | 0.14
Q11 | -0.11 0.58 0.13 -0.80 | 0.43
Q12 0.17 0.63 0.15 1.14 | 0.26
Q13 | -0.11 0.99 0.24 -0.48 | 0.63
Q14 | 0.35 1.11 0.27 1.30 | 0.21
Q15 0.11 0.83 0.19 0.56 | 0.57
Q16 | -0.05 0.93 0.22 -0.25 | 0.80

playing the game: You should wash your hands after handling raw
meat. Second, it might be due to the difficulty in executing some
game mechanics in the game [20]. As a result, not all the students
advance to the next level and were not exposed to all the learning
objectives. Third, the traditional education is more effective for the
children/young adults who do not usually play video games, and
the gaming profile could affect the interest and motivation towards

learning with a certain type of game [15]. Fourth, our sample was
relatively small (n=19) and a larger sample size might have led to
better results.

5 CONCLUSIONS AND FUTURE WORK

We presented edugames4all MicrobeQuest!, a mobile game aimed
at teaching children microbiology. The game uses a combination
of text and game mechanics to teach and reinforce the learning
objectives. The learning objectives covered in the game are based on
the primary school curriculum. This paper presented the results of
a study assessing primary school children learning with the game.
The results showed that the game could teach but the learning
across all learning objectives was not statistically significant. As
the sample size was small, we cannot confirm the hypothesis in
one direction or another.

We are currently attempting to get a larger sample size and deter-
mine whether the difference in learning outcomes among different
learning objectives still persist. We want to perform an experimen-
tal study assessing the differences in learning with mobile vs PC
games both in formal and informal learning environments. We plan
to take steps to increase the sense of immersion even further by
complementing the teaching done through game mechanics not
only through text but also through speech, as the children, espe-
cially those on the younger side found reading the text explanation
tiring and often skipped over it. On a longer term, we want to as-
sess whether the game leads to changes in children’s attitude and
behaviour towards hygiene and responsible antibiotic use.
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