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Abstract

All over the world and especially in Turkey, the success level regarding math is well below the desired rate. The
main reasons for this situation are negative attitudes and anxiety towards math. It is observed that the students
and the teachers experience anxiety about the Arithmetic Operations, which is one of the beginning subjects of
math. On the other hand, it is stated in the literature that educational games can be used to eliminate anxieties
about math. In this context, an educational math game, which can be used on mobile devices, was tried to be
developed in this study in order to reach more users. The product obtained as a result of this study, which was
realized according to the design and development research method, was evaluated by 69 middle school students
taking classes in city of Van in Turkey. In the evaluation, it was seen that the students gave positive opinions
about the game developed. The students stated that they thought the application was highly interesting and could
contribute to their math successes. After the evaluation process, the application was put into use around the
world and it was installed on 6500 devices from 180 different countries in a three-month period. It was observed
that the number of users who did not delete the game after installing and kept it on their device is 2735.
Therefore, it is thought that the product developed as a result of the research can serve its purpose.

Keywords: Educational Game Software, Math Anxiety, Middle School Students, Mobile Learning

1. Introduction

Math is a tool used in all activities of life since it reveals human abilities and forms a systematic and logical
mindset. So, individuals should have at least a basic knowledge of math (Bulut, 1994). However, the math
knowledge of the students is generally not at the desired level. This level is even lower especially for Turkey.
Turkey ranked third from the last in 2003 and second from the last in 2006 among the participating countries in
The Program for International Student Assessment - PISA Report (Program for International Student
Assessment) (Saban, 2019). Although there was a relative increase in the 2018 report, it was seen that Turkey
was still below the average. On the other hand, the difficulties in teaching math are not a problem just for Turkey
but also is seen as a common problem all over the world (Gokbulut, Sidekli & Sayar, 2013).
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Although there are many different reasons why the students fail in math in general, the two most important
variables to consider are math anxiety (Abebe, 2015) and negative attitudes towards math (Abebe, 2015; Baykul,
2009). However, math anxiety does not only cause failure in math class, but also prevents the gain of many
necessary skills in a technology-based society (Zavlovsky, 1994). Therefore, the efforts to eliminate these
anxieties have great importance. It is known that the anxiety especially on the arithmetic operations, which is
one of the most fundamental topics of math, is present in a large part of the society. For example, Doruk and
Kaplan (2013) reported that anxieties on arithmetic operations do not only exist in students but also in teacher
candidates. Of course, this situation can lead to bigger problems. It is known that the teachers, who work at
primary and secondary school levels and have math anxieties, transfer these anxieties to their students
(Norwood, 1994; Baydar & Bulut, 2002). So, it is understood that eliminating the anxieties about this issue and
supporting the positive attitudes are important for the society. Especially when evaluating the findings obtained
from the data of countries showing high success in international exams (TIMSS, PISA), which is one of the
important indicators of success in the field of math, it was seen that affective variables have an important role in
influencing the students' successes. Therefore, it is important to prepare environments that increase students'
attitudes and motivations towards the math class at the ages between 9-11, which is the critical period for
developing affective reactions towards math (Sari & Ekici, 2018).

When the literature is examined, it is seen that, although there are reasons such as carelessness, lack of
knowledge and misconception related the problems experienced by students in the arithmetic operations; the
problems faced by the students with the concepts of addition, subtraction, multiplication and division are defined
as difficulty rather than misconception and mistake (Varol & Kubanc 2012). The most commonly used methods
for addressing these difficulties are the use of computer, the visualization and the use of proper materials (Tatar
& Dikici, 2008). It is seen that application development studies were carried out especially to identify and to
eliminate difficulties (Kheong, 1988; Woerner, 1980; Bilgin, 2015; Guler & Bilgin, 2017; Bilgin, 2018a) and
various educational applications for arithmetic operations were tested (Kula & Erdem, 2005). Therefore, it is
understood that to perform mathematics teaching in which conceptual knowledge and operational knowledge are
balanced in order to eliminate the difficulties about the theme; and to benefit from the materials that will reduce
the abstraction of the concept to be explained (Tatar & Dikici, 2008); and to use software-based materials related
to the subject are important. Of course, one of the most important concepts in software-based materials is
educational games.

Educational games are defined as software prepared as game format to enable the students to learn school
subjects and to develop their problem solving skills (Demirel, Seferoglu & Yagci, 2003). It is known that the use
of educational games in math education provides benefits such as motivating the students, changing the negative
perception towards the class, overcoming math fears and breaking the prejudices against math (Kebritchi,
Hirumi, & Bai, 2010). Therefore, as explained in the previous sections, it is seen that these softwares are
frequently used in order to increase students' attitudes and motivations towards math. Considering its benefits
especially for the students of primary and secondary school levels, game development studies for math class are
frequently encountered (Cankaya & Karamete, 2008; Bilgin 2018b; Gok, 2020; Tural, 2005). Also, it is
understood that these materials should be integrated into online environments in order to be used more widely
and to benefit the students having math anxieties, and they should be developed for more subjects (Ozata &
Coskuntuncel, 2019).

On the other hand, considering the platforms where educational games take place, it is seen that the mobile
technologies instead of computer-enhanced softwares, are developing rapidly and have substantial effects on
education (Cakir, 2019). Therefore, considering today's conditions, it is understood that educational software
used in mobile environment should be given importance, and the materials to be developed should be prepared
to be used in mobile devices such as tablet and phone (Karaarslan, Boz & Yildirim, 2013).

In the light of the information given above, it is understood that a mobile educational game should be designed
in order to increase the motivation of middle school students for arithmetic operations, which is an important
reason for math anxieties, and thus to contribute to the success. Therefore, in this study; it was aimed to design a
mobile teaching software for the subject of arithmetic operations, which is one of the most fundamental subjects
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of math, and to present students' opinions about the developed software and performance reports of the
application.

2. Method

In this study, the Design and Development Research (DDR) method, which is one of the quantitative research
methods, was used. DDR is a research method in which a new product, vehicle, model, or processes is developed
(Buyukozturk, Cakmak, Akgun, Karadeniz & Demirel, 2018). In such researches, not only the product is
developed, but also the applicability, effectiveness and efficiency of the developed product should be
demonstrated via experiments (Richey & Klein, 2014). Contrary to traditional research methods, in the DDR
researches it is targeted to find a solution for a problem and the development, application and evaluation of the
innovative products are carried out (Buyukozturk et al., 2018). Therefore, a game was designed to eliminate the
students' anxieties on the Arithmetic Operations in this study.

In the development researches, particularly the ADDIE (Analysis, Design, Development, Implementation,
Evaluation) design model and many other models such as Dick and Carey, Kemp and 4C instructional design are
used (Buyukozturk et al., 2018; ESMER, 2018). On the other hand, the models for the educational game
software development process also exist in the literature. These models are sorted mainly as EFM (Effective
Learning Environment), FIDGE (Fuzzified Instructional Design Development of Game-like Environments),
GOM (Game Object Model), DGBL (Digital Game Based Learning), GAM (Game Achievement Model), EGM
(Experiential Gaming Model) and Spiral Educational Game Design Model. However, it is understood that these
models will not be enough to develop an educational game from beginning to end and can only guide game
designers (Korkusuz & Karamete, 2013). Also, it is seen that these models are mostly compatible with the
general design model. The common point of all these different game development models is the necessity of
including the elements of struggle and motivation in the game (Korkusuz & Karamete, 2013).

Therefore, in the study the general design model (ADDIE) was used and the process was carried out in
accordance with the model's steps, which are analysis, design, development, application and evaluation.

3. Results

In this section, the transactions and findings obtained during the steps of the research carried out in accordance
with the ADDIE design model are presented.

3.1 Analysis

The investigations on arithmetic operations were conducted in the Analysis step, which is the entry step in the
development studies and where the current situation is analyzed. Considering the lack of educational software
for the subject, which is presented in detail in the introduction section of the study, it is understood that such an
educational software for middle school students is needed. On the other hand, it is known that one of the biggest
reasons why the students have difficulties in the subject of four operations called as arithmetic operations is that
they confuse the rules of addition, subtraction, multiplication and division operations or memorize these rules
incorrectly (Varol and Kubanc 2012). Therefore, it is understood that the level of operational knowledge
regarding the subject should be increased. So, it is understood that there is a need for an application that can
increase the mathematical operation skill and can help to eliminate errors by providing to do practice.

3.2 Design

Studies were conducted to determine the visual structure of the software to be developed in the design section,
which is the second step in the development process. In order to design the application about arithmetic
operations for middle school students, care has been taken to make the visuals more colorful and interesting.
Also, attention has been paid to the sound effects to be lively and fun. Especially when designing a game,
considering that the students learn its rules by experiencing in the game environment and with the feedback they
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receive (Funk, 2003), it was tried not to include any parts that could cause additional cognitive load on the
students. For this purpose, a single interactive button has been added to the visual interface on the game's splash
screen. The user proceeds and receives feedback by clicking this button. Siang and Rao (2003) stated that,
instead of reading help files or following instructions, the players learn by playing the game directly and
experiencing. Therefore, it was tried to form a simple structure that is far from confusion.
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Figure 1: User Interface

As seen in Figure 1, the red-colored progress button is located in the middle of the screen. The user gets a new
problem just clicking this button. The instant that the question appears on the screen, the yellow-colored time
indicator gets smaller. At the same time, as the yellow indicator decreases, the point that can be earned gradually
decreases, thus a sense of competition is given to the participant.

3.3 Development

The development step includes the transactions done in order to develop the algorithms for the functioning of
application, to test them and to make the game workable. In this context, various scripts in c# language were
written over the Unity platform for the purpose. The application generally generates random questions for the
students and forms answers and distractors for these questions. The formed distractors are randomly assigned to
the choices and their relationship with the correct answer is again randomly generated. In this way, a logical
relationship cannot be found between the multiple choices and the correct answer choice, and the student cannot
find the correct answer without solving the given problem. Within the developed algorithms, a structure that can
generate 50 different types of random questions was formed. These 50 types consist of stages within themselves
and the difficulty level increases gradually. For example, while the sum of smaller numbers is asked in the
addition operation in the first levels, the sums of the three-digit numbers are also asked in the following sections.
Similarly, the algorithms that generate random questions for other arithmetic operations were prepared. The
users improve their level by answering 5 questions correctly and they have to give correct answers 250 times to
complete all levels. In addition, in every wrong answer given, a feedback is given to the user by showing the
correct answer. The user who gave the wrong answer three times loses the game. When the game is over, the
score is shown on the screen and the highest score is updated by comparing it with the previous ones. In this
way, a competition and motivation process is carried out in the application. In addition, each time the user
switches to a new question, the time indicator progresses, and the score that will be received decreases as the
answering time increases. On the other hand, the speed of time progress is reduced by the algorithm as questions
become more difficult, thus giving the student enough time to solve the question. Finally, as stated in the
literature, it was mentioned that the developed materials should be integrated into online environments in order
to be used more widely (Ozata & Coskuntuncel, 2019). Therefore, the application obtained at the end of the
development process was integrated into the Google Play Store and made accessible all over the world. The
application, which is compatible with the Android devices, has a size of 25.7 MB.
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3.4 Application

The application process includes the testing transactions of the developed application by the targeted audience.
In this context, the middle school students taking education in the city of Van were asked to try the application
and to tell their opinions by using the communication tools such as WhatsApp, Facebook and Instagram. Some
updates were made according to the feedbacks received from the pre-assessment of 50 person. Showing the
correct answers for the questions which were answered wrong, increasing the numbers of the choices and
changing the difficulties of levels are in the updates.

3.5 Evaluation

In this section, there is a general evaluation of the product completed at the end of the design process. After the
updates done according to the pre assessments in the previous section, the final version of the application was
evaluated again by 69 middle school students taking classes in the city of Van and used the application. The
36.8% of the participants were male and the 63.2% were female students. On the basis of class, the 5th grade
students present at the rate of 42.6% , the 6th grade students present at the rate of 36.8%, the 7th grade students
present at the rate of 13.2% and the 8th grade students present at the rate of 7.4%. For the evaluation process, a
guestionnaire form consisting of 10 questions as 5-point Likert type was used by the researcher. The responses
given to the items in the form were presented as percentage in Table 1.

Table 1: Survey Results

No Item 1(%) 2(%) 3(%) 4(%) 5(%)
1 Did you like the application? 44 29 59 294 574
2 Did you find the application useful? 31 31 15 215 708
3 Did you enjoy the application? 6,0 ,0 134 17,9 62,7
4 Did you experience any difficulty when using the application? 63,2 14,7 10,3 59 59
5 Would you recommend the application to your friends? 59 0 44 206 69,1
6 Do you think that the application can contribute to your lessons? 44 15 59 132 750
7 Can the application contribute to your math skills? 59 0 59 132 750
8 Can the application be helpful in your exams? 75 45 90 60 731
9 Do you think the questions in the application are appropriate to your level? 59 15 74 221 63,2
10 Do you think the questions in the application are challenging for you? 328 45 30 209 388

* Answers are listed as 1-Strongly disagree,..., 5-Strongly agree.

When the answers given to the questionnaire are examined, it is seen that the students gave mostly positive
answers. For example, 86.8% (29.4 + 57.4) of the participants stated that they agree with the item of "I like the
application." Similarly, it is understood that they found it useful with a rate of 92.3% and did not experience
difficulty in using it with a rate of 77%. On the other hand, when the answers for the question of "Do you think
the questions in the application are challenging for you?" were examined, it was seen that the participants were
dispersed approximately similarly to all the answers. So, it is understood that it is suitable for the students' levels.
Finally, in the answers the students gave for the question of "Do you think the application can contribute to your
lessons?" it is seen that the 88.2% of the students marked the choices of “I agree” and “I strongly agree.”

When the performance reports obtained from the Google Play Store at the end of the three-month process that
passed after the development and evaluation process of the application, it was seen that the user score of the
application was 4.83 over 5. In addition, it was detected that the application was downloaded 6499 times in
three-month period and is still on 2735 devices as installed. On the other hand, the number of views of the
application in the store, the numbers of downloads and the download rates per view were presented in Table 2.
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Table 2: Download Rates

Country Views Download Transformation Country Views Download Transformation
India 3,687 936 25.39% South Korea 154 1 0.65%
Pakistan 3,328 871 26.17% Cambodia 152 22 14.47%
Philippines 1,739 419 24.09% Somalia 144 52 36.81%
Nepal 1,424 427 29.99% Malaysia 140 44 31.43%
Bangladesh 955 296 30.99% Papua 105 33 31.43%
Nigeria 785 253 32.23% Tobago 103 38 36.19%
Ghana 695 231 33.24% Russia 102 11 10.78%
Kenya 616 206 33.44% Iraq 97 26 26.80%
Ethiopia 478 148 30.96% Jamaica 86 22 25.58%
Turkey 446 134 30.04% Afghanistan 84 25 29.76%
Egypt 407 125 30.71% Algeria 84 21 25%
USA 374 81 21.66% Mongolia 79 13 16.46%
South Africa 352 67 19.03% Morocco 77 16 20.78%
Iranian 351 87 24.79% Jordan 76 21 27.63%
Lebanon 233 67 28.76% Namibia 75 17 22.67%
Sri lanka 227 70 30.84% Zimbabwe 75 27 36%
Japan 195 1 0.51% Mauritius 74 21 28.38%
Zambia 185 63 34.05% Tanzania 70 22 31.43%
Indonesia 183 17 9.29% United Kingdom 68 23 33.82%
Myanmar 175 52 29.71% All countries 21,604 5,726 26.50%

When Table 2 is examined, considering all countries, it is seen that approximately 1 out of every 4 people, who
viewed the application, installed it. The top five countries that downloaded the application most are India,
Pakistan, Philippines, Nepal and Bangladesh respectively. It is seen that the country with the highest download
rate per view is Somalia, and the lowest is Japan among the countries. Turkey has outperformed the average rate
of 26.5%.

4. Discussion

This research, which aims to develop an educational game for arithmetic operations, was carried out according to
the DDR research model. Unlike the traditional research methods, the products in DDR researches are
developed, applied and evaluated during the research process (Buyukozturk et al., 2018). Therefore, in this
section, there is a general evaluation of the product, which was developed as a result of the research.

As a result of the research, a mobile application / game with a size of 25.7 MB that can run on android operating
systems was obtained. In the game, the students are asked questions about arithmetic operations prepared with
the help of the numbers, which are randomly generated by the algorithm. The students get points by giving
correct answers to the questions and they lose the game with three wrong answers. Also, the game keeps the
highest score so the student can compete with himself or with other users (e.g. classmates) whose score (s)he
knows. On the other hand, it is thought that the elements of struggle and motivation, which should be in the
game (Korkusuz & Karamete, 2013), are provided with the presence of answer durations for the questions.

The educational math game obtained as a result of the research was evaluated by 69 middle school students who
were taking classes in Van, the city of Turkey, and used the application via questionnaire form. The findings
show that the application was found highly interesting and enjoyable by the students. Also, the students think
that the application will contribute to their success in the math class. Again since the questions directed to the
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users for the purpose of gaining points in the application challenge more than the half of the students (Table 1,
Item 10), it can contribute to the development of their success levels in arithmetic operations. This result
supports the information presented in the literature that educational math games will reduce the prejudices
against math and make the lesson fun (Ozata & Coskuntuncel, 2019).

On the other hand, the performance reports obtained from the Google Play Store at the end of the 3-month period
following the launching of the application all over the world, were also used to evaluate the application.
According to the findings, the application has been installed 6500 times in total from 181 countries during this
period and is present actively approximately on 2750 devices. It is seen that application showed success
approximately at the rate of 42% in terms of rates of loading and keeping on device. Also, it was seen that the
application was liked at the rate of 96% (4.83 points) in terms of user evaluation.

Therefore, it can be thought that the developed product contributes to the attitudes and motivations of the
students and is attractive. In this context, it can be said that the product serves the purpose of development. On
the other hand, it can be tested whether it contributes to the arithmetic operations in particular and to the math
success in general, by testing the application with experimental methods. In addition, whether the anxieties about
the subject have been eliminated or not should also be tested using similar experimental methods.
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