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Abstract

Different methods can be used for learning, and they can be compared in several aspects,
especially those related to learning outcomes. In this paper, we present a study in order to
compare the learning effectiveness and satisfaction of children using an iPhone game for
learning the water cycle vs. the traditional classroom lesson. The iPhone game includes multiple
interaction forms (touch-screen interaction and accelerometer) and combined Augmented Reality
(AR) mini-games with non-AR mini-games. The traditional classroom lesson had the same
learning content as the iPhone game. Thirty-eight children from 8 to 10 years old participated in
the study. The analyses of the pre-test and the post-tests showed that the children made
significant learning gains about the water cycle, regardless of the method used. Even though the
results showed that the iPhone method achieved higher knowledge results than the traditional
classroom lesson, no statistically significant differences were found between the iPhone and the
classroom lesson. When analysing the motivational outcomes, the results showed that the
children found the iPhone game to be more satisfying than the classroom lessons. Since the
iPhone game achieved similar learning results and a higher motivational effect than the
classroom lesson, this suggests that games of this kind could be used as a tool in primary schools
to reinforce students’ lessons.

Keywords: Mobile Game-based Learning, iPhone Game, Augmented Reality, Learning
Outcomes

Introduction

A new generation of children has grown up playing with computer games and using
mobile devices and other technological devices. They have developed a different set of attitudes
and aptitudes, which may have created a disconnect between their expectations and the learning
environment found in classrooms (Oblinger, 2004). One of the reasons for this failure is that this
new generation of children is being educated with old methods (Prensky, 2001; Beck & Wade
2006). In a time when children handle digital information, communicate with others via mobile
technologies, and play more games than previous generations (Beck & Wade, 2006), game-based
learning might be a more appropriate approach for teaching and engaging the children in a more
successful way than traditional learning methods (Prensky, 2001).

Games have many of the attributes of effective learning environments, like elements of
urgency, complexity, learning by trial-and-error, and scoring points. They also support active
learning, experiential learning and problem-based learning, and they also provide immediate
feedback (Oblinger, 2004). Two other important features that games have are interactivity and
engagement. These two features can lead to deeper learning. Games combined with curricular



content hold the potential to make learning in traditional environments like classrooms easier,
more engaging, and more effective (Prensky, 2001).

Having motivated learners is what many teachers desire, and motivation is an aspect in
which games can excel. Motivation is associated with students’ desire to participate in activities.
According to Malone and Lepper (1987), there are seven factors that promote motivation:
challenge, curiosity, control, fantasy, competition, cooperation, and recognition, many of which
are present in games (Prensky, 2001).

Mobile Game-Based Learning

Mobile learning (M-learning) is a new learning paradigm that exploits the use of mobile
devices in education (Sharples, Corlett, &Westmancott, 2002). Mobile platforms are rapidly
becoming the platform of choice for casual games. More and more teenagers play games on their
mobile devices. These mobile devices make the educational process flexible and adaptable for
students as well as for the schedules of schools and the needs of teachers (Klopfer, Sheldon,
Perry, & Chen, 2012) since they can be used anywhere/anytime (Jones & Jo, 2004). Mobile
game-based learning also enables immersion and promotes motivation in a mixed reality
environment (Schwabe & Goth, 2005).

Augmented Reality

A commonly accepted definition for AR defines it as a system that has these three
features (Azuma, 1997):

1) It combines real and virtual objects.
2) It has real-time interaction.
3) It has 3-D registration.

AR systems can use one or more of the following technologies to capture data from the
real world: digital cameras, optical sensors, accelerometers, GPS, etc. The iPhone used in the
study presents a combination of some of these elements, making it a suitable platform for AR.

With AR technology, traditional teaching materials are preserved and supplemented by
virtual content, which can enhance the students’ learning and motivation. Therefore, AR could
be used in the schools to improve the learning environment (Tan, Lewis, Avis, & Withers, 2008).
Motivation and objectives

In this paper, we present a study to determine which method (iPhone game or traditional
classroom lesson) is better suited for learning and motivating children. Our first decision was
whether to use a smartphone or a Tablet PC and which model. These types of devices have two
major differences: their screen size and weight. In a previous work, Furié et al. (2013), it has
been demonstrated that the different characteristics of these devices do not affect the learning
outcomes, usability, or engagement of the children. Even though, we could have used either, we
chose to use an iPhone. However, similar studies using other types of mobile devices could be
carried out. Our iPhone game combines AR and non-AR mini-games and uses multiple
interaction forms (touch-screen interaction and accelerometer). The main objectives of this study
were to determine if the game helped children in the learning process and to check which method
(the iPhone game or the traditional classroom lesson) had more influence on the participants
regarding acquired knowledge and satisfaction. The primary hypothesis was that playing the
iPhone game would lead to at least equivalent learning results as the traditional lesson and that
children would prefer the iPhone game. One of the reasons on which we base our hypothesis is
the fact that children belong to the ‘gamer generation’ (Beck & Wade, 2006). To prove this
hypothesis, we used questionnaires and observations that were designed by the people in charge
of the trials. To test the primary hypothesis, we evaluated the quantitative data obtained from the
questionnaires using ANOVA:s.



The reasons why we conducted this study were the following:
1) There is little experience in the use of mobile game-based learning (Lavin-Mera,
Moreno-Ger, & Fernandez-Manjon, 2008).
2) AR has not been exploited for mobile learning games.
3) Prior studies have focused more on motivational aspects than on learning outcomes
(Papastergiou, 2009).
4) There are very few uses of mobile technology or games for learning in classrooms
(Klopfer, Sheldon, Perry, & Chen, 2012).
5) To our knowledge, this is the first work in which a mobile game of these
characteristics is compared with a traditional classroom lesson.
The paper is organized as follows. Section 2 focuses on the state of the art in game
applications related to learning in school environments. Section 3 describes the iPhone game.
Section 4 presents the study. Section 5 presents the results, and Section 6 presents the

conclusions and future research.
Related work

As stated above, there are few works that use AR technology in mobile game-based
learning, and the majority of those works are centred on the usability and motivational aspects of
the game used. One of these works is HELLO, which is an English learning system that used QR
codes and AR (Liu, Tan, & Chu, 2010). Twenty students equipped with a PDA participated in
the study. The results showed that the majority of the students found the course easy to use and
useful for assisting learning. The results also indicated that HELLO not only increased the
students’ motivation to learn, but also enhanced their learning outcomes.

Next, we cite some works that have compared games that do not include AR with more
traditional learning environments and have analysed the learning outcomes. In 2009, Tizln et al.
(Tazun, Yilmaz-Soylu, Karakus, Inal, & Kizilkaya, 2009), selected Quest Atlantis (QA) for their
experiments with an educational computer game to teach primary school students about
geography. The game contained 2D and 3D environments. The students used the keyboard or the
mouse to interact with the game. A total of 24 students from the fourth and fifth grades
participated in the study. Pre-test and post-test were used to evaluate the learning gains. The
results showed significant results regarding the acquired knowledge when playing the game.
When compared to the traditional school environment, the students playing the game showed
statistically significant higher motivations. In the same year, 2009, Papastergiou (Papastergiou,
2009) developed LearnMeml, a computer game for learning computer memory concepts. The
game was designed in accordance with the curricular objectives and the subject matter of the
Greek high-school Computer Science curriculum. LearnMem1 used environments that combined
access to hypermedia learning material (webpages) with game playing. LearnMeml was
compared to LearnMemz2, an educational website on computer memory, which had the same
concepts taught in LearnMem1. A total of 88 students between 16 and 17 years old participated
in the study. They were divided into two groups. One of the groups used the LearnMem1, while
the other used LearnMem2. They used a pre-test and a post-test in order to compare the
knowledge acquired. The results showed that LearnMeml was more effective in promoting
students’ knowledge of computer memory concepts and more motivational than LearnMem?2.
The acquired knowledge and the motivational effect of LearnMem1 did not differ significantly
between boys and girls. In 2011, Sandberg, Maris, and de Geus developed the MEL-application
(Sandberg, Maris, & de Geus, 2011) for the goal of learning English. The subject of the game
was animals. The MEL-application could be used both during a visit to the zoo (where the
children were led to the different animals by GPS) and at home, (where the children could access



the different continents and animals, in any order). Five different game types were included in
the application. This study used pre-test and post-test questionnaires to measure the individual
change in mastery of a set of targeted English words. A total of 85 fifth-graders participated in
the study. They were divided into three groups. The first group had classroom lessons in English
about zoo animals and their characteristics. The second group took classroom lessons and
worked with MEL in a public zoo. The third group received the same treatment as the second but
could use the MEL application outside of the classroom lessons. They used T-mobile Pulse
smartphones with a GPS and a touch-screen interface. The results showed that the group that
took the mobile phone home improved the most since they had additional learning time. The
results also indicated that the students were motivated to use the application in their spare time,
which benefitted their learning. In 2013, Al-Qahtani and Higgins investigated the effects of e-
learning, blended learning, and classroom learning (Al-Qahtani, & Higgins, 2013). The study
used a pre- and post-test questionnaire to measure the learning outcomes. Three groups were
involved: the first group was taught by e-learning, the second group by blended learning (which
combines e-learning and traditional teaching), and the third group was taught using the
traditional teaching. The sample consisted of 148 students: 43 students in the first group, 55
students in the second group, and 50 students in the third group. The Ethics unit from an Islamic
Culture course was selected for the study and adapted for the online course (the e-learning
method). The results showed that there was a statistically significant difference between the
blended learning method and the other two methods. However, no significant difference was
found between the e-learning and traditional learning groups. Girard, Ecalle, & Magnan, (2013)
also analysed studies that compared the use of game-based learning tools with more traditional
approaches. The conclusion was in line with the studies described in this section: the games had

the same learning effect as the traditional approaches.
Method
Description of the game

The main objective of the game we have developed is to reinforce children’s knowledge
about the water cycle. The content of the game was extracted from the textbooks used in the
courses of the third and fourth grades of the authors' country. In this game, the children learn
about the water cycle, water composition, and water pollution. The major processes of the water
cycle are explained to the children. The first stage of the water cycle that the children see is the
evaporation phase. Next, they see the condensation phase. The third water cycle phase they see is
precipitation. The last phase is collection. Apart from the water cycle, the children also learn
what objects can pollute the water and what elements make up water.

The game has seven mini-games in total. All the mini-games show the players’ current
status on the screen. Several mini-games use AR technology, the children have to explore a room
looking for the objects requested by the guide character. A drop of water represents the guide
character. To search for the objects, the children must focus the device’s camera on the different
markers distributed around the room. In the study, ten different AR markers were used and
placed in the activity room as shown in Figure 1. When the children selected an object, a
message was displayed telling them whether the object picked up was the right one. Non-AR
mini-games appeared in combination with some AR mini-games. The non-AR mini-games did
not use AR, but they used tactile or accelerometer capabilities. Between each mini-game (AR
and non-AR), video and audio explanations were displayed, describing the rules and goals to
complete the next mini-game. They also served as a reward for the children when they had
completed a mini-game, showing what they had achieved. This way, all the mini-games are



linked together in a continuous story thread. Next, we explain in more detail each one of the
mini-games, which are shown graphically in the flowchart in Figure 2:

1.

and design guidelines can be found in Furid et al. (2013).

The game started with a video, which introduced the children to it. Next, they searched the
room looking for the guide character. This mini-game was the first contact with the AR
system. It served as a tutorial and helped the children to learn to focus and to select objects in
the AR mini-games.
Once the guide character had been found, the next mini-game required the children to form
three water drops from oxygen and hydrogen atoms. The atoms were represented as different
coloured drops of water with the letter ‘H’ or ‘O’ on them. The children had to select two
hydrogen atoms and then an oxygen atom in the following order: ‘H-H-O’. Then, a drop of
water was formed. Figure 3 shows a child playing this mini-game.
Once the children made three drops of water, they went to the first non-AR mini-game. The
mini-game consisted of collecting twenty suns in order to evaporate the drops of water they
had made before. This mini-game corresponded to the evaporation stage in the water cycle.
The suns fell from the top of the screen and the children had to move a water drop that was at
the bottom of the screen from left to right using the tactile screen capabilities of the device
(Figure 4).
When the twenty suns were collected, a new non-AR mini-game that used the accelerometer
capabilities started. Here, the children had to place ten clouds over a mountain peak by tilting
the device (Figure 5).
The third AR mini-game corresponded to the condensation stage of the water cycle. In this
mini-game the children had to find thermometers with low temperatures (represented by the
colour blue) to cool the clouds and produce precipitation. There were also thermometers with
high temperatures (represented by the colour red).
The next mini-game corresponded to the collection phase. Here, the children had to collect
twenty drops of water that were falling from the mountain peak by touching them. This
completed the water cycle.
In the last mini-game, the guide character requested the children to clean a river by removing
the pollutant objects. To do this, they had to pick up the pollutant objects using the AR
capabilities of the device.

A more detailed explanation about the iPhone game, including theoretical underpinnings

Figure 1. The markers used in thé iPhone game.
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Figure 2. Flowchart of the game. Names in capital letters represent AR mini-games. Names in
normal print represent non-AR mini-games.

Figure 3. A child trymg to form a water drop. She is searchlng for water drops with the
letters H and O.

Figure 4. A child is collecting the suns.



Figure 5. A child tilting the device in order to place the clouds over the mountain peak.

Hardware and Software

An iPhone 3GS with iOS version 4.3 was used during the evaluation. The device has a
built-in camera that allows the real world to be recorded and displayed on the screen as well as
an accelerometer.

To develop and run the iPhone game, we used the Xcode 4 IDE and the iPhone SDK 4.3.
The software that was used to include AR capabilities on the iPhone was ARToolKitPlus 2.1.1.
We used SIO2 1.4 version, a 2D/3D game engine with OpenGL-ES 1.1 capabilities designed for
mobile devices (http://www.sio2interactive.com). The engine also provided the necessary
functions, methods, and scripts to import, load, and animate 3D scenes created in Blender, which
was used in our game to create 3D objects.

To protect the device from shocks and falls, an external case was made (Figure 3). It also
had a ribbon that the children could put around their necks in order to provide more
stability when holding the device.

Study

Participants

The target age (8-10 years old) was defined taking into account the content and courses
used to design the game and the experience of a pedagogical group that participated in the
project. Thirty-eight children from 8 to 10 years old —with a mean age of 8.71+0.65: 20 boys
(53%) and 18 girls (47%) — participated in our study. These children were attending the Engeba
school of Valencia (Spain).

Measurements

A total of five questionnaires were used. One was the pre-test which was given to all of
the children. Another questionnaire was filled out by the group playing the water cycle game and
by the group taking the traditional classroom lesson. Later, the two groups changed activities and
played the game or took the traditional lesson and the other questionnaire was filled out. While
most of the answers to the questions followed a Likert scale ranging from 1 to 5, others had
categorical answers and, in some cases, hand-written answers.

The pre-test (Q1) was composed of 6 questions designed to evaluate how much the
children knew or remembered about water from school (composition (Questions #1, #2), cycle
(Questions #3, #4, #6), and pollutants (Question #5)). In order not to prolong the test phase, the
number of questions was limited to the minimum. These questions (#1-#6) were multiple-choice
question with 4 possible answers scored as success or fail, except #5. As an example, Question
#1 was: Do you remember what comprises water? a) Hydrogen and Oxygen, b) Potassium and
Sodium, c) Water is made up of nothing, d) I do not know / I do not remember. Question #5 was:



Check every object you think is a pollutant. Then the participants had to check every object they
believed to be a pollutant from a list of nine items. To make it friendlier to the children, an image
accompanied every object. For the data analysis, this question was considered to be correct if all
the objects were correctly checked. Apart from the knowledge questions, we also gathered
gender, grade, and age data from the participants.

The first post-game questionnaire (Q2-iPhone) (the one filled out after playing the iPhone
game first) was composed of 19 questions. The first 6 questions were the same ones the
participants answered in Q1. This way we could observe if they had improved their knowledge
about the water cycle. The rest of the questions were about participant satisfaction and
interaction with the game. In question 19, the participants had a chance to give a global score to
the game.

The first post-lesson questionnaire (Q2-TR) (the one filled out after taking the traditional
classroom lesson first) was composed of 10 questions. The same questions were asked as in Q2-
iPhone with the exception of the questions related specifically to the game and the device, which
were left out.

The second post-game questionnaire (Q3-iPhone) was composed of 16 questions. Some
of the questions were the same as in the Q2-TR, which allowed us to compare the traditional
classroom lesson with the iPhone method. The children also had to select which learning method
they preferred; they had to explain why they preferred one method over the other; and they had
to describe what they liked the most about the whole experience.

The second post-lesson questionnaire (Q3-TR) was composed of 7 questions. Some of
the questions were the same as in the Q2-iPhone, which allowed us to compare the traditional
classroom lesson with the iPhone method. The same questions were asked as in Q3-iPhone with
the exception of the questions specifically related to the game and the device, which were left
out.

Procedure

The children who participated in this study were randomly assigned to one of two groups:

Group A. the group that played the iPhone game first and then the traditional
classroom lesson.

Group B. the group that took the traditional classroom lesson first and then the
iPhone game.

Both groups had the same number of subjects: 19 children were assigned to group A, and
19 to group B. Figure 6 shows the procedure of the study graphically. The content evaluation
protocol was established in a way similar to the one applied to assess the contents in the
classroom. In the classroom of the third and fourth grade of the primary education in the country
of the authors of this work, the usual established dynamic is to teach a subject and then evaluate
the level of learning of the content.

The traditional classroom lesson was given in a traditional classroom. The iPhone method
took place in a different setting. The questionnaires were filled out in the same rooms. The
iPhone classroom had two identical playing areas where two children could play simultaneously.
The two playing areas had the same set of markers placed in the same positions. There was no
interaction between the two children, and there was also a person with each child to guide them
and to clarify their possible doubts during the whole activity. The questionnaires were filled out
in the same room where the activity took place. To avoid the influences of answering the pre-test
on the results of the post-tests (Q2-iPhone and Q2-TR), the children were encouraged to answer
all questions without any pressure; if they did not know the answer, it was considered to be
completely normal. The children were not informed whether or not their answers on the pre-test



were correct. Thus, the children did not acquire any knowledge by answering the pre-test; they
only learned during the game.
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Figure 6. Study procedure.

Results

The variable of knowledge was created to condense the six knowledge questions by
counting the number of correct answers. In order to have a complete understanding of the
knowledge variable, we performed several analyses. A t-test was performed to observe the effect
of the methods in the knowledge scores. The results showed that the scores in the post-tests
(4.82+1.20) were significantly higher than the scores in the pre-test (4.05+£1.04) (t[37]= 3.94, p<
0.01). A mixed design ANOVA test was also performed in order to take into consideration
several factors simultaneously. The factors of grade and gender were between subjects because
they were observed, but the factor of questionnaire (pre-test: Q1 or post-test: Q2-iPhone+Q2-TR)
was within subjects because it contained repeated measures. The results of the analysis in Table
1 showed that there were significant differences in the questionnaire factor between the pre-test
and the post-test. The p-value was below 0.01. Figure 7 shows the boxplots for the knowledge
scores, where the higher results of correct answers after using a method over the pre-test can be
observed. Another t-test was performed to compare the methods. The results showed no
significant differences between the iPhone method (4.89+1.45) and the traditional classroom
lesson (4.74+0.93) (t[36]= 0.40, p= 0.69). A multifactorial ANOVA test was performed in order
to compare both methods taking into consideration several factors simultaneously. The result of
the analysis in Table 2 confirmed the results obtained in the t-test where no significant
differences were found. Figure 7 shows a comparison between the iPhone method and the
traditional classroom method, indicating similar results. Also, the perceived acquired knowledge
by the children fit the results shown on Figure 7. On a scale from 1 to 5, the score given to how
much they thought they had learned (Question #12: Do you think you have learned new things?)
was high after using the iPhone (4.79+£0.54) and after taking the traditional classroom lesson
(4.47£0.61), and there was no significant difference between the methods (t[36]= 1.69, p= 0.10,
Cohen's d=0.55).

Factor d.f. F p Effect size (7¢)
Gender 1 0.47 0.50 0.01
Grade 1 3.06 0.09 0.06
Questionnaire 1 15.06 <0.01 * 0.12
Other interactions 1 <2.98 >0.09 <0.06

Table 1. Mixed design ANOVA for the knowledge scores of the pre-test and post-test
questionnaires. The symbol * indicates significant differences. N= 38.
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Factor d.f. F p Effect size (7&)
Gender 1 0.16 0.69 0.01
Grade 1 0.47 0.50 0.02
Method 1 0.17 0.68 0.01
Other interactions 1 <0.71 >0.58 <0.01

Table 2. Multifactorial ANOVA for the variable of knowledge of the iPhone method and
the traditional classroom lesson. N= 38.

Post—test: |_ ______ | -- .|
Classroom lesson I
Post—test: | |_ ____________ | I
iPhone | I
Pre—test: | |_ ________ I _______ .|
Classroom lesson I
Pre—test: | |_ ________ I _______ .|
iPhone I
\ \ \ \ \ \ \
0 1 2 3 4 5 6

Knowledge score
Figure 7. The scores for the knowledge questions in the pre-test and the post-test of the
traditional classroom lesson and the iPhone method. The mean and standard deviation are
represented with solid grey lines.

Apart from the knowledge variable, another variable of satisfaction was created to
combine the answers of several questions (the mean of answers to Question #7 (perceived fun),
#12 (perceived learning), #16 (ease of play), and #19 (global score, from 1 to 10)), which offers
a measure of the degree of engagement and enjoyment with the game. The overall rating was
very high (4.69+0.35), indicating that the children were highly satisfied with both the game and
the lesson. The variable was analysed using a multifactorial ANOVA with the gender, grade, and
the method factors. The results of the analysis in Table 3 showed that there were significant
differences in the method factor. The p-value was 0.01. Figure 8 shows the boxplots for the
satisfaction scores, where higher results after playing with the iPhone method can be observed.
These results indicate that the children were more satisfied with the iPhone method.

Factor d.f. F p Effect size (&)
Gender 1 1.54 0.22 0.02
Grade 1 1.18 0.28 0.02
Method 1 8.01 0.01 * 0.11
Other interactions 1 <3.07 <0.08 <0.04

Table 3. Multifactorial ANOVA for the variable of satisfaction. The symbol * indicates
significant differences. N= 76.
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Traditional o } ________ | {
.
iPhone o } .- I
1

[ I T l I l |
14 16 18 20 22 24 26

Satisfaction score
Figure 8. The scores for the satisfaction questions in the traditional classroom lesson and the
iPhone method. The mean and standard deviation are represented with solid grey lines.

We also analyzed Questions #7, #12, #16, #19 individually. We used t-tests in order to
observe if there were statistical differences between the iPhone and the classroom lesson
methods. As Table 4 shows, the iPhone obtained a marginally higher result in all satisfaction
questions. Furthermore, in question #19, a statistical significant difference was found. The
children scored the iPhone method significantly higher than the traditional classroom lesson.

Questions #7 #12 #16 #19
iPhone (meanzsd) 4.84+0.37 | 4.79+0.54 | 4.58+0.61 | 9.95+0.23
Classroom lesson (meanzsd) | 4.58+0.51 | 4.47+0.61 | 4.21+0.92 | 9.32+0.89
t 1.82 1.69 1.46 3.01
p 0.08 0.10 0.15 <0.01*
Cohen’sd 0.59 0.55 0.47 0.98

Table 4. T-tests of questions #7, #12, #16, #19. The symbol * indicates significant
differences; df= 36.

The children’s desire to continue playing the game (Question #13: Would you like to play
again to learn about new subjects?) is also an indication of the satisfaction that the children had
playing the game. Independently of whether they played with the iPhone or took the classroom
lesson first, all of the children indicated they would like to play the iPhone game again to learn
new subjects.

With regard to the introduction of AR in the game (Questions #9: Did you like to see how
objects appeared on the black squares?, #10: Did you like playing the games that used what you
found on the black squares?), the overall rate for the enjoyment of AR games was very high
(4.58+0.61 and 4.74+0.45 for Questions #9 and #10, respectively). We also measured how easy
it was for the children to use the AR system (Question #14: Was it easy for you to find objects on
the black squares?). The global rating was high (4.26£0.76), which means that the children
found it easy to play AR games. We also studied whether or not the order of playing affected the
AR experience. A t-test was performed for each of the three AR questions. The results showed
that no significant differences were found for Question #9 (t[36]= 1.00, p= 0.32, Cohen's d=
0.32), Question #10 (t[36]= 1.68, p= 0.10, Cohen's d= 0.55), or Question #14 (t[36]= 0.85, p=
0.04, Cohen's d= 0.28).
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A Chi-squared test for Question #20 (What method did you like the most?) revealed that
the preference for the iPhone or the traditional classroom method did not differ between the
children of groups A and B (X?[1, N=76]= 1.45, p= 0.23, Cramer’s V= 0.29). Figure 9 shows
the children's preference, where 100% of the children in group A and 84.21% of the children in
group B chose the iPhone. Thus, we conclude that a great majority of the children preferred the
iPhone to the traditional classroom lesson independently of the order of the method used.

To interact with the device, the children thought that it was easier to use the tactile screen
(57.89%) rather than tilting the device (42.11%) (Question #15: What did you find the easiest?
[Tactile/Accelerometer]).  Question  #11  (What did you like the  most?
[AR/Tactile/Accelerometer/None/Other]) evaluated the preferences of different types of
technologies in the mini-games: AR, tactile screen, and accelerometers. The AR technology was,
by a great difference, the one preferred by the children (Figure 10).

100+

O Traditional
WiPhone
80+
E 60—
&
$40
o
20—
O 1
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Figure 9. Preferences for the favourite method in groups A and B.
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Figure 10. Preference for the favourite type of technology used in the mini-games.

Conclusions

One of the advantages of digital games is that they have a massive reach not only among
children, adolescents and also adults. They also have some features that traditional teaching
environments might not easily have. For example, digital games provide immediate feedback,
which is useful to teachers in order to know how a student is performing in a subject. Moreover,
this feedback can also be used to improve the game. Games also have features that pertain to
effective learning environments like elements of urgency, complexity, learning by trial-and-
error, and scoring points (Oblinger, 2004). Despite the advantages that digital games offer, not
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many educational mobile games have been studied to corroborate this. To our knowledge, this
paper presents the first complete study in which an educational mobile game with special
features such as AR was compared with a traditional classroom lesson. The study considers
several aspects that are not usually analysed.

A study was carried out for the cognitive outcomes to determine whether children learn
more by playing the iPhone game than by attending a traditional classroom lesson. The results
showed significant differences in the acquired knowledge before and after using both learning
methods. This indicates that the children remembered a lot of the knowledge transmitted in the
game. For this reason, we can affirm that our game has been effective when it comes to
transmitting knowledge in the short-term. The iPhone game also obtained higher knowledge
results (4.89+1.45) than the traditional classroom lesson (4.74+0.93). However, no significant
differences were found between the two learning methods. In other words, the children achieved
similar knowledge improvements when using the iPhone game as well as when taking the
traditional classroom lesson. This result corroborates our primary hypothesis (“Playing the
iPhone game would lead to at least equivalent learning results as the traditional lesson”). From
our point of view, this implies that the children have achieved similar knowledge improvements
using an autonomous method (iPhone game) as using a guided method (traditional classroom
lesson). We think this is an encouraging result because this means that children can learn
anywhere and any time outside of a formal learning environment without requiring that a person
supervise them. When we compare our results to other studies in which computer games have
been compared with traditional methods, there is a similar trend: there are no statistical
significant differences when comparing the control group with the experimental group (Tuzin,
Yilmaz-Soylu, Karakus, Inal, & Kizilkaya, 2009; Papastergiou, 2009; Sandberg, Maris, & de
Geus, 2011; Al-Qahtani & Higgins, 2013; Girard, Ecalle, & Magnan, 2013; previous work by the
authors of this study). We also studied if there were differences in the acquired knowledge
regarding the gender and grade. No significant differences were found. These are similar results
to the ones obtained by Papastergiou (2009) where no significant differences with regard to the
acquired knowledge were found between boys and girls. This is an excellent result because it
means that the game is well suited for the two genders. On the other hand, in our view, these new
methods of learning are tools that can complement traditional learning. This assumption is in line
with the results of Al-Qahtani, and Higgins (Al-Qahtani, & Higgins, 2013).

One of the principal assets of games when compared to other educational programs is the
motivation for the students. Motivation, which has always been an important issue in educational
programs, is associated with students’ desire to participate in activities (Vernadakis, Gioftsidou,
Antoniou, loannidis, & Giannousi, 2012). An important clue for the motivation of players is their
desire to continue interacting and playing (Price, Rogers, Scaife, Stanton, & Neale, 2003). In our
case, a total of 100% of the children indicated that they would like to play with the iPhone game
again. With regard to the children’s preferences, a total of 92.11% of the children preferred the
experience with the iPhone game to the traditional lesson. We also studied if there were
differences in the satisfaction regarding the gender, grade, and method. Significant differences
were found between the traditional classroom lesson and the iPhone game in favour of the
iPhone game. The reasons for why this game promoted children’s learning motivation could be
the following: 1) In the game, basic information was explained to the children, which was
required for completing game tasks and advancing in the adventure (Sykes, 2006; Vernadakis,
Gioftsidou, Antoniou, loannidis, & Giannousi, 2012); 2) the learning contents are related to the
school curricula, so children are able to apply what they have learned in the classroom (Oblinger,
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2004; Vernadakis, Gioftsidou, Antoniou, loannidis, & Giannousi, 2012); 3) the game takes
advantage of multi-sensory engagement to support experiential learning (Kiili, 2005; Vernadakis,
Gioftsidou, Antoniou, loannidis, & Giannousi, 2012). AR technology might have been a factor
that also improved the motivation and engagement of the children in our study. AR allowed the
children to explore what they were learning from a variety of different perspectives (Kerawalla,
Luckin, & Selje, 2006), thereby improving their learning experience. The studies analysed by
Girard, Ecalle, & Magnan, (2013) also suggest that games motivate the students more than
traditional approaches.

Usability or perceived ease of use is considered to be an important factor that affects
educational effectiveness (Jones et al., 1999; Mayes & Fowler, 1999; Squires, 1999). A learning
system with good usability can help students to focus their attention on the learning content (Sun,
Tsai, Finger, Chen, & Yeh, 2008). In our case, the iPhone game was considered easy to
manipulate (4.66+0.58). Thus, according to the suggestion by Sun et al., our iPhone game helps
students focus their attention on the learning content.

For future work, we would like to use the iPhone itself for evaluation since it could provide
immediate feedback to both students and teachers. A possible future work would be to check
long-term learning. Making the game more customizable could improve the experience; for
example, adapting the game difficulty to low-, mid-, and high-grade students and allowing
teachers to be more involved in the game. The game could be enhanced by adding other play
modes such as multiplayer (collaborative and competitive). In order to provide some learner
autonomy, the game could be designed to offer a greater degree of freedom in setting the goals,
difficulty, and learning activities (Sha, Looi, Chen, & Zhang, 2012). Finally, due to the
continuous improvements in mobile devices in particular, and electronic devices in general, we
believe that effective educational mobile games could be developed to help in the learning

process.
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