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Abstract—As serious games are emerging as a new educational 

paradigm, it is increasingly important to understand how to 

integrate educational content into the games, and what 

elements of the game make learning more effective. This 

research proposes to add to the work in the area by examining 

whether learning objectives delivered through the game 

narratives as text, or learning objectives delivered through 

game mechanics provide more effective way of integrating 

educational content in a game. In order to investigate this 

question, we designed a study evaluate two types he 

participants who were divided into two groups to take part in 

complementary version of the game. Participants are asked to 

play a game in which learning objectives are delivered either 

through text or game mechanics. An evaluation was performed 

with 60 participants.  The results show that for one of the 

learning objectives, the participants learn more when the 

educational content was integrated through the game 

mechanics and that the difference between the groups who 

learn through text and the one who learned through game 

mechanics is statistically significant. For the rest of the 

learning objectives covered no statistically significant 

difference was obtained between the two ways of integrating 

the learning objectives. 
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I.  INTRODUCTION 

Educational games are emerging as a new educational 
medium. However, the research literature reports mixed 
results with regards to game effectiveness in delivering 
educational content [1]. Most often, they note the lack of 
empirical evidence on what and how the elements of the 
game affect Learning Objectives (LO) assimilation [2] and 
“almost no guidance for game designers and developers on 
how to design games that facilitate learning” [3].  

This paper adds to the state of art in this area by 
examining what is more effective at delivering educational 
content: integrating it through the text, or through the game 
mechanics. Game mechanics are essentially present in every 
game genre, whereas narratives can be a predominant part in 
some genres such as storytelling games, but they can be 
completely missing in others. By game mechanics in this 
paper we understand “the procedural mechanism of a game 
that provides the essential interactions required to create a 
meaningful game activity” [4]. The educational content is 

intrinsically integrated [5] in the game regardless of the 
method through which it is delivered: text or game 
mechanics. The text is seamlessly integrated in the game 
narratives and the game mechanics through which the 
educational content is delivered is connected with the other 
mechanics of the game and with the narratives. 

Text is a simple way of conveying educational messages 
that can be delivered easily through traditional game design 
opportunities (mission briefings, in-game conversations etc). 
However, teaching through game mechanics requires that the 
player interprets game dynamics correctly and discovers and 
constructs the educational message with less clear directions. 
The appeal of this approach lies in understanding 
constructivist learning theories, where individuals must 
construct their own knowledge, rather than simply being 
'told' new things.  However, there is a risk that the player 
does not understand or interprets the game's mechanics 
correctly. There is also the fear that the student might fail to 
construct the “hidden curriculum” [6, 7] some studies 
showing that the transfer between the game context to 
another context (i.e. classroom)does not always happens [1]. 
On the other side, game mechanics could provide a better 
learning experience than text and better engage the player 
with the content. In this context, we are investigating how 
LOs have to be delivered in order to be the most effective in 
educational games: through text or game mechanics. 

The rest of this paper is organized as follows. The next 
section presents previous work in educational game design. 
Afterwards the study design is presented followed by the 
evaluation results. The last section ends the paper with our 
conclusions and future work. 

II. BACKGROUND  WORK  

Designing educational games so that they are not only 
entertaining but also effective in delivering educational 
content is an area that requires further explorations [1, 2]. 
Different studies have been looking at how the games have 
to be designed in order to make them more effective [4, 8-
13]. 

[12] suggests a framework based on challenge, fantasy 
and curiosity for an intrinsically motivated instruction in 
games. The framework is intended as a “checklist of 
heuristics that will be used in designing the instructional 
environment”. The study concluded that the effectiveness of 
the game in delivering educational content depend on the 
way fantasy is integrated in the game context. A more recent 



study [4] argues that it is that to intrinsically integrate the 
educational content in game the game mechanics and not 
fantasy are the critical elements. 

Other studies have looked at how different features of the 
game affect learning [10], or how the educational content is 
to be integrated seamlessly into the game narratives [13]. 
[10] proposes to add speech recognition support to two 
mobile learning games with the aim of improving literacy 
skills. Their results show that speech recognition helps at 
improving the extraction but not the decoding skills.  

 [11] looks at what aspects of the game are contributing 
to learning. They assessed how game reality, conflict, 
challenge, and assessment affect the learning outcome. The 
study concluded that the most effective games are 
endogenous, adaptive and both in process and completion 
feedback should be given to the player. Although our game 
integrates these aspects, we do not look into them in this 
research, we are researching the way the educational content 
is delivered: either through text, game mechanics, or both. 

[8] looks at whether or not adding narratives to adventure 
computer games improves the academic learning content and 
the learner enjoyment. They find that the addition of 
narratives does not significantly enhance the learning of 
educational content. When looking at the learner enjoyment, 
participants who played the game enhanced with narratives 
enjoyed the game slightly more, but this difference was not 
statistically significant.  

Although the research of [8] shows that narratives do not 
add value to games, our approach is differentiated from the 
one presented in this paper by the fact that we include the 
educational content in the narrative as a text, whereas in the 
study performed by [8], the narratives are added just as a 
support to the game, and the educational content was not 
actually integrated into the narrative. Their approach has 
been shown not to be suitable for educational games as the 
players pay more attention to the story and ignore the 
educational content that is being taught [14]. 

Therefore, we differentiate from the above research by 
looking at two methods in which LOs could be integrated 
into the educational game: through game mechanics or text. 

 

III. STUDY DESIGN 

A. Game Description 

For our evaluation, we use level two and level three of 
the Bugs Kingdom [15] game. Bugs Kingdom is a 
curriculum-based game, designed to teach young people 
about microbes, hygiene and proper antibiotic use. A group 
of experts in the area helped at selecting the suitable LOs 
based on the European curriculum, and advising at designing 
the microorganism in the game to be as similar as possible to 
reality, but still pleasant for children. The game was also 
iteratively evaluated at different stages during the 
implementation. For example, focus groups were done with 
students to determine the preferred game genre for our 
considered age group [17]. 

Bugs Kingdom uses bespoke game mechanics to teach 
LOs. For example, to teach “microbes are used to make 

yogurt” the player has to push lactobacillus bacteria into a 
glass of milk, which as a result turns into yogurt (Fig. 1).  

 
Figure 1.  Game mechanics in Bugs Kingdom: pushing lactobacillus 

bacteria into a glass of milk 

The LOs are reinforced in the game in two ways: either 
the player had to re-apply the game mechanics teaching a LO 
in a different context or through explicitly conveying the LO 
through text (Fig. 2).  

 
Figure 2.  LOs delivered through text in Bugs Kingdom 

To assess the participants’ knowledge about the LOs that 
are taught in the game, a pre and post questionnaire was 
integrated as a separate game at the beginning and at the end 
of each level. The game was designed to be similar to “How 
to be a Millionaire” – called here e-Bug Game Show. During 
this game, a facilitator asks questions and the player has to 
provide answers competing against a virtual character (see 
Fig. 3). When providing answers, the player has to choose 
among one of the three options regarding the sentence 
representing the LO: “Agree”, “Disagree” or “Don’t know” 
(see Fig. 4).   

For evaluation purposes only we learned through the 
actual game and not through the evaluation game, no 
feedback is provided in the first round, called “Blind 
Question Round”, because this round is provided before the 
actual game play took place. However, feedback in the form 
of whether the questions are right or wrong is provided 
during the second round, which is performed at the end of 
the game level. 

 



 
Figure 3.  The integrated game through which the player knowledge about 

the LOs presented in Bugs Kingdom is evaluated 

 
Figure 4.  Answer options provided to the playersfor knowledge 

evaluation 

Bugs Kingdom has five different levels [16]: 

 Introduction to Microbes: aims to familiarise the 
player with different types of microbes. 

 Harmful Microbes: presents the player with 
microbes that are “harmful” for humans and it 
shows how the player can “fight” them. 

 Useful Microbes: teaches players that there are also 
good microbes and what their usefulness is. 

 Hygiene: teaches the player about food hygiene.  

 Antibiotics: reinforces responsible antibiotic use. 
Since playing the full game takes a long time, and from 

previous evaluations we have observed that players drop out 
before reaching the last level [17], we decided to select for 
this study just two levels of the game: level two (Harmful 
Microbes) and level three (Useful Microbes). We selected 
these two levels as they easily allow teaching the LOs 
through one of the modalities (either text or game 
mechanics). Moreover, the levels taught similar LOs and 
have similar game mechanics. On top of that for two of the 
LOs statistically significant players’ knowledge 
improvement was obtained when the game was evaluated, 
and the other two were not statistically significant. This was 
done to have a mix of LOs, not only the ones who are taught 
better or worse by the game. For more details of the 
evaluation please see 

B. Learning Objectives 

The four LOs that are taught by Harmful Microbes and 
Useful Microbes as standalone either through text or game 
mechanics are: 

 LO 1: Soap can be used to wash away bad bugs  

 LO 2: Our bodies have natural defences that protect 
us  

 LO 3: All microbes are bad for us  

 LO 4: We use good microbes to make things like 
yogurt  

The first two LOs of the games are taught in Harmful 
Microbes, whereas the last two in Useful Microbes. 

C. Game Mechanics Designed to Teach LOs 

Each of the above LOs can be taught through game 
mechanics. In each case, during the game, the player is 
shrunk to the size of the microorganism and s/he has to 
perform different tasks in different game locations (e.g. on 
the human hand, inside the human body etc). A portal 
transfers the players to different locations of the game if the 
player manages to pass the probes in the game. The game 
mechanics used to teach each of the LOs are explained 
below: 

Soap can be used to wash away bad bugs:  - The player is 
on the human hand. Here, he has to collect soap and throw 
bubble soap at the harmful microorganism that he finds on 
his way towards the portal (Fig.5). When the soap bubbles 
touch a microorganism, it disappears. If the player touches 
one microorganism before the microorganism is touched by 
a soap bubble, he loses one “life” from the three s/he has in 
total. 

 
Figure 5.  Game mechanics: Soap can be used to wash away bad bugs 

Our bodies have natural defences that protect us: - The 
player is shrunk and transported inside the human body. S/he 
has to collect white blood cells and throw them at the 
microbes s/he finds in his way (Fig. 6). In a similar way as 
before, if the player touches one micro before it is “killed” 
by the white blood cell, the player loses one of his/hers three 
lives. 



 
Figure 6.  Game mechanics: Our bodies have natural defences that protect 

us 

We use good microbes to make things like yogurt: - The 
player is in the kitchen. Here s/he has to push lactobacillus 
bacteria into a glass of milk (Fig. 1). When the bacterium 
touches the milk the milk becomes yogurt (Fig. 7).  

 
Figure 7.  Game mechanics: We use good microbes to make things like 

yogurt & All microbes are bad for us 

All microbes are bad for us: - The player has to deduce 
from the previous game mechanics that actually not all the 
microbes are good, and some can be used to make things. 

IV. EVALUATION  

The aim of the evaluation is to determine which of the 
two ways of delivering the LOs: through text or game 
mechanics is more effective in teaching the player the LOs. 
With this aim, Harmful Microbes and Useful Microbes, level 
2 and level 3 of the Bugs Kingdom game have been modified 
so that they are independent games. In each level, all of the 
LOs were taught only through text and the other two through 
game mechanics only in each game.  

To evaluate our hypothesis, Harmful Microbes was 
changed so that the last two LOs from Table 1 (LO 3 and LO 
4) are taught through text while the first two (LO 1 and LO 
2) are taught only through game mechanics. The text that 
teaches the LOs is integrated in the game, and is presented at 
the beginning to the player, in the same part of the game 
where the instructions for the game are presented. The player 
cannot skip this part or the game mechanics if s/he finishes 

the game. The narrative bit is presented at the beginning of 
the level, whereas the game mechanics afterwards.  

To evaluate our hypothesis, Useful Microbes was 
changed in a similar way. The first two LOs (LO 1 and LO 
2) are taught through text and the last two LOs (LO 3 and 
LO 4) are taught only through game mechanics. As in the 
previous case, the text teaching the LOs is integrated with 
the game narratives and is presented at the beginning.  

In both games, the players cannot skip any of the parts 
teaching the LOs, whether they are presented through text or 
through the game mechanics as they are both mandatory 
parts for the player in order to finish the game. 

A. Demographics 

The participants were asked to play one of the versions of 
the game. They were 6 to 11 year olds, and were asked to 
play on a volunteer basis. 30 children play Harmful 
Microbes modified as a game and 30 played the modified 
version of the Useful Microbes. The evaluation took place at 
the V&A Childhood Museum and St Mary’s Community 
Centre, London, UK. 

B. Pre-Test 

To determine whether the two groups of participants 
have the same knowledge when they started the game, 
regardless of the LOs taught in the game, a t-test [18] was 
performed between the answers given by the participants in 
the two groups for each of the LOs covered in the game. A 
confidence interval of 95% was considered for statistical 
significance. The results show that there is no statistically 
significant difference in terms of pre-knowledge between the 
two groups, regardless of the LOs. The p-value for each of 
the LOs are:  

 0.67 for LO 1 

 0.26 for LO 2 

 0.15 for LO 3  

 0.14 for LO 4 
Since the two groups do not vary significantly in their 
knowledge, only the post-test results will be used further on 
in the analysis. 

C. Post-Test 

After the game playing session, the participants’ 
knowledge is evaluated again. The aim is to determine 
whether there is any difference in students’ knowledge when 
they were taught a LO through text or through game 
mechanics. A t-test was performed on the participants 
answers when they were taught a LO through text and 
through game mechanics. A confidence interval of 95% was 
considered for statistical significance. The results showed 
that apart for one LO, the results were not statistically 
significant. The p-value for each of the LOs are:  

 0.09 for LO 1 

 0.17 for LO 2 

 0.05 for LO 3 

 0.11 for LO 4 
The LO for which statistical significance difference in post-
test results was obtained between those that were taught 
through text or those that were taught through game 



mechanics is the LO 3: We use good microbes to make things 
like yogurt. For this LO the players that were taught through 
game mechanics obtain better post-test results than the one 
who were taught through text.  

V. CONCLUSIONS AND FUTURE WORK 

This research is aimed at assessing whether delivering 
the LOs through text or game mechanics produces better 
knowledge gain results when both methods of delivering the 
LOs are integrated into the game. The results show that for 
one of the LOs evaluated, having it integrated through game 
mechanics produced better results than the when it was 
integrated trough text and the difference in players results are 
statistically significant. For the rest of the LOs there is no 
statistically significant difference in how much the 
participants learned between the two groups. 

A future research direction will be to try to replicate the 
results with multiple LOs across different game types. 
Moreover, we want to assess how the way the LOs is 
integrated in the educational game affects the player 
knowledge over a longer period of time. We are planning to 
expand our work and take into consideration how other 
variables can impact the results, such as students 
characteristics, gameplay duration.  
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