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Comparison of Two Mathematics Courses Conducted in Different Ways: Case of Game 

Theoretical Analysis* 

Farklı Yollarla Yürütülen İki Matematik Dersinin Karşılaştırılması: Oyun Teorisi ile Analiz Örneği 

 

Sevda Göktepe Yıldız** - Seda Göktepe Körpeoğlu***  

 

Abstract: Game theory has many implementations such as economics, statistics, engineering and computer 

sciences especially artificial intelligence. In the present study, it has been implemented in the educational 

technology field. The aim of this study is to compare some features of two mathematics courses that include 

and not include the use of Smart Board Technology (SBT) via game-theoretical analysis. For this purpose, to 

form the mathematical game model and to formulate the solution, the data are obtained from the answers of 

elementary mathematics pre-service teachers to the data collection tool. The questionnaire developed by the 

researchers as a data collection tool consists of 15 items and is in a 5-point Likert type. According to the 

answers to the questionnaire, a mathematical game problem is established. The problem is a zero-sum game 

problem presenting the situation of two mathematics courses conducted in different ways, which are considered 

as rival to each other. Thirty-eight pre-service mathematics teachers from a public university in Turkey 

participate in the research. This research has a quantitative nature and is a descriptive study. Results reveal that 

the usage of SBT is more superior in terms of student features than mathematics lessons exclude the SBT. 

Namely, teaching with SBT is advantageous in terms of being funny, drawing attention, ensuring retention, 

being clarity and suitability for group study. It is hoped that this study will shed light on future research in 

terms of setting an example for the use of game theory in educational research and determining the positive 

and negative opinions of pre-service mathematics teachers about the use of smart board technology in their 

lessons. 

Structured Abstract: Introduction: Using technology in the learning process prepares richer learning 

environments for learners (İşman et al., 2002). One of the most prominent of educational technologies is smart 

boards in recent years (Sakız et al., 2014). Studies have shown that the use of SBT in mathematics courses 

increase student participation (Stokes-Jones, 2010; Min & Siegel, 2011). SMART Boards are simple and 
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beneficial technological materials (Saltan, 2010) and powerful tools for interacting (Levy, 2002; Kırbaş, 

2018).The use of SBT embodies abstract concepts in the learning process (Yalın, 2010), supports active 

learning and provides the meaningful learning of the learners (Bulut & Koçoğlu, 2012). In this context, it was 

emphasized that SBT should be used in middle school mathematics education (Keengwe et al.,2009). The 

significance of this study is to compare the various features of two mathematics courses (with SBT and without 

the SBT), using a new technique such as game theory. Game theory can provide clues in comparing various 

features of different teaching methods and determining which properties are more effective to learn. This aspect 

of the study is thought to contribute to the literature. For this purpose, the research problem of the study is 

“What are the advantages and disadvantages of mathematics courses that include and exclude the SBT?” 

Method: The present study, based on a survey model, is descriptive research. The survey research 

examines the features of a specific group (Büyüköztürk et al., 2008). The descriptive statistics enables the 

researcher to make comparisons (Merriam & Simpson, 2000). In this study, criteria were set to compare some 

characteristics of mathematics courses that did and did not include the SBT. Thirty-eight preservice 

mathematics teachers who were attending mathematics education department at a state university in Istanbul 

participated in this study. Convenience case sample which the researcher selects the people or groups easily 

was used (Sönmez & Alacapınar, 2014). A questionnaire was prepared to determine the preferences of the 

mathematics preservice teachers for the characteristics of the two mathematics courses conducted in different 

ways. The presentation and usage of the SBT were introduced and a sample application for mathematics 

courses was shown in the “Instructional Technology and Material Design” course. After this practice, 

preservice mathematics teachers were asked to compare two mathematics courses that include and exclude the 

SBT. A zero-sum game that expressed the state of the two mathematics courses (with SBT and without SBT) 

was formed based on the answers of the participants. 

Results: A zero-sum game problem was formed with the data obtained according to the results of the 

questionnaire.  Firstly, evaluation scores of mathematics courses were calculated according to the determined 

criteria. Secondly, the players’ conditions against each other were expressed as a zero-sum game in terms of 

the properties determined as preference criterion. Strategies in the game problem corresponded to the specified 

criteria. The criteria given below were accepted as the strategies of the players and two players’ situations 

against each other were analyzed. According to the result of the zero-sum game, strategy B of the first player 

is more gainful than every strategy of another player. As strategy B is determined as the state of the methods 

in terms of students, according to the information obtained from the target audience, it can be said that the 

characteristics of the first player are better than the second player in terms of students. According to our game 

payoff matrix, the best strategies for smart board player are strategies A, B, and C. Based on the values obtained 

for these strategies, strategy B is the best strategy (The maximum gain value is 0.1182). 

Discussion and Conclusion: According to the results of the zero-sum game, B strategy of the 

integration of SBT is more profitable than all strategies of another player. Since B strategy is determined as 

the state of the methods about students, according to the data obtained from the participants, it can be said that 

the characteristics of the integration of SBT player are better for the students than the mathematics courses that 

exclude the SBT player. In other words, teaching with SBT is more superior than lessons that exclude the SBT 

in terms of being funny, drawing attention, ensuring retention, being clarity and suitability for group study. 

Many studies mentioned in introduction similarly stated that SBT make the teaching-learning process more 

entertaining (Ateş, 2010) and exciting (Elaziz, 2008), enrich the environment (Beauchamp, 2004). Adiguzel, 

Gürbulak and Sarıçayır (2011) also stated that group work, which is one of the outstanding features getting in 

this study, is easier through teaching with SBT. The results of the present study also show consistency with 

ones done by Beauchamp (2004), Jang and Tsai (2012).According to the obtained game matrix, the best 

strategies of teaching with SBT player are A, B, and C strategies. Based on the values obtained for these 

strategies, strategy B is the best strategy. Because the maximum gain value is 0.1182. From these results, 

teaching with SBT is more superior than teaching without SBT in terms of usage properties, namely strategy 

A (using time effectively, using appropriate materials, using technological opportunities, and ease of use). 

Starkings and Krause (2008) supported these results of this study; researchers indicate that smart boards are 

more useful than the traditional method (lessons that did not include SBT) in point of using mathematical 

symbols or formulas effectively and understandably. When the D strategy of the teaching without SBT and the 

A, B and C strategies of the teaching with SBT are compared, the external factors of the mathematics course 

that exclude the SBT player is similarly less profitable than teaching with SBT player concerning usage 

properties, student and teacher features. This result may be since the lessons that include SBT, as obtained in 
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other results of the study, is dominated by the teaching without SBT in most features. As indicated by BECTA 

(2006) and Beauchamp (2004), there are many advantageous properties of SBT. 

Keywords: Mathematics Education, SMART Board Technology (SBT), Game Theory, Educational 

Technology, Mathematics  

 

Öz: Oyun teorisi başta yapay zekâ olmak üzere ekonomi, istatistik, mühendislik ve bilgisayar bilimleri gibi 

birçok uygulamaya sahiptir. Bu çalışmada oyun teorisinin eğitim teknolojisi alanına bir uygulaması yapılmıştır. 

Bu araştırmanın amacı, akıllı tahta teknolojisi kullanımını içeren ve içermeyen iki matematik dersinin bazı 

özelliklerini oyun teorisi analizi yoluyla karşılaştırmaktır. Bu amaçla matematiksel oyun modelini oluşturmak 

ve çözümü formüle etmek için veriler, ilköğretim matematik öğretmen adaylarının veri toplama aracına 

verdikleri cevaplardan elde edilmiştir. Veri toplama aracı olarak araştırmacılar tarafından geliştirilen anket 15 

maddeden oluşmaktadır ve 5’li likert tiptedir. Anket cevaplarına göre matematiksel bir oyun problemi 

oluşturulmuştur. Problem, birbirine rakip olduğu düşünülen farklı şekillerde yürütülen iki matematik dersinin 

durumunu ortaya koyan sıfır toplamlı bir oyun problemidir. Araştırmaya Türkiye’deki bir devlet 

üniversitesinde eğitim-öğretim gören otuz sekiz ilköğretim matematik öğretmen adayı katılmıştır. Bu çalışma 

nicel özelliğe sahip olup betimsel bir araştırmadır. Sonuçlar, matematik derslerinde akıllı tahta teknolojisi 

kullanımının öğrenci özellikleri açısından daha üstün olduğunu ortaya koymuştur. Yani akıllı tahta teknolojisi 

ile öğretim, eğlenceli olma, dikkat çekme, akılda kalmayı sağlama, açıklık ve grup çalışmasına uygunluk 

açısından avantajlıdır. Bu çalışmanın eğitim araştırmalarında oyun teorisinin kullanımına örnek teşkil etmesi 

ve ilköğretim matematik öğretmen adaylarının derslerinde akıllı tahta teknolojisi kullanımı hakkındaki olumlu 

ve olumsuz görüşlerinin belirlenmesi açısından ileriki araştırmalara ışık tutacağı ümit edilmektedir. 

Anahtar Kelimeler: Matematik Eğitimi, Akıllı Tahta Teknolojisi, Oyun Teorisi, Eğitim Teknolojisi, 

Matematik  

 

Introduction 

The most important problem that teachers complain most in teaching mathematics is that 

students do not show much interest and desire for it. In teaching mathematics, motivating students to 

learn is crucial. Therefore, different methods and materials have been used for that. With the 

developing technology, different kinds of teaching materials have shown up in 21st century (Akgün 

& Koru Yücekaya, 2015). Using technology in the learning process prepares richer learning 

environments for learners (İşman et al., 2002). One of the most prominent of educational 

technologies is smart boards in recent years (Sakız et al., 2014).  

SMART Boards are becoming increasingly widespread (Oigara, 2010). Today, in Turkey 

many schools (primary, middle or secondary level schools) have SMART Boards Technology (SBT). 

The availability of the smart board is very crucial, so the teacher and the students should have the 

chance to access it easily (Yıldız & Tüfekçi, 2012). Seeing the effects of the technologies that are 

used in the learning environment to improve the education process is only possible by integrating 

them into the education environment and trying out to see if they are useful (Wood & Ashfield, 

2008). Undergraduate education of teachers is an important period in the development of their 

technological skills and beliefs about the use of technology (Kersaint, 2003). A great number of 

researches indicate that appropriate technology education is the main parameter which could 

guarantee effective integration of SBT into the classrooms (Reynolds & Morgan, 2001). Teacher 

preparation programs should aim at enhancing teachers’ educational technology knowledge and 

show ways to effectively integrate it into the curriculum. Technology integration training help pre-

service teachers to develop their technology skills so educational faculties must have curriculum-

based technology integration training courses. It is really crucial to develop pre-service teachers’ 

usage of smartboard-related information, as well as their positive attitudes toward this technology, 

before actively entering educational environments (Keengwe et al., 2009). 
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There are many studies claiming that most of the students and teachers take a bright view of 

using SBT in mathematics courses (e.g. Morgan, 2008; Erduran & Tataroğlu, 2009; Kennewell & 

Morgan, 2003). Studies have shown that the use of SBT in mathematics courses increase student 

participation (Stokes-Jones, 2010; Min & Siegel, 2011). SMART Boards are simple and beneficial 

technological materials (Saltan, 2010) and powerful tools for interacting (Levy, 2002; Kırbaş, 2018). 

Because everyone can write on them, the changes can be recorded, have high visual impact, ensure 

that a large number of resources are available, support discussion and interactive learning (BECTA, 

2006), facilitate classroom control by making the teacher more eye contact with students 

(Beauchamp, 2004), make the teaching-learning process more entertaining (Ateş, 2010) and exciting 

(Elaziz, 2008), enrich the environment (Beauchamp, 2004). SBT helps increase the effectiveness and 

quality of teaching and learning (Jang & Tsai, 2012). Teaching with SBT addresses more students 

so that group activities in the classroom become easier with it (Adıgüzel et al., 2011). The use of 

SBT embodies abstract concepts in the learning process (Yalın, 2010), supports active learning and 

provides the meaningful learning of the learners (Bulut & Koçoğlu, 2012). In this context, it was 

emphasized that SBT should be used in middle school mathematics education (Keengwe et al., 2009). 

However, inspite of the positive views on SBT, many studies showed that the majority of teachers 

do not use SBT in their lessons effectively (Rakes et al., 2006) and do not have enough information 

to use this technology (Oigara & Keengwe, 2011).  

The experiences of pre-service teachers in their undergraduate period significantly affect 

their future educational lives (Li & Kulm, 2008). Liu (2016) states that more studies are needed to 

understand how pre-service teachers use technology in their teaching processes. In this research, the 

main aim is to to compare the some features of two mathematics courses that did and did not include 

the use of SBT in the light of pre-service mathematics teachers’ opinions. Besides, studies mentioned 

above examine the teachers and pre-service teachers’ opinions towards the use of SBT in 

mathematics lessons using conventional methods in terms of various features. The significance of 

this study is to compare the various features of two mathematics courses (with SBT and without the 

SBT), using a new technique such as game theory. Game theory can provide clues in comparing 

various features of different teaching methods and determining which properties are more effective 

to learn. This aspect of the study is thought to contribute to the literature. For this purpose, the 

research problem of the study is “What are the advantages and disadvantages of mathematics courses 

that include and exclude the SBT?” 

Game Theory 

Game theory has been used in different branches of social sciences in recent years with being 

a branch of applied mathematics: economics, political science, international relations, economy, 

computer science and philosophy (Burguillo, 2010). Game theory is also a research field of applied 

mathematics that examines the cases involving the struggle with mathematical methods (Guseinov 

et al., 2010).  

Many games have their own rules. For example, games such as football, basketball, tennis, 

or mental games like chess, a game of draught have their own rules. There are players in these games 

and they compete with each other (Morton, 1997). In the game theory, strategy and player words are 

used in different means from daily use. The concept of strategy is the whole of the plans that 

determine the outcome of the game (Cinemre, 1997). It encompasses all the rules that specify the 

player’s choices for all situations that may arise during the continuation of the game (Doğan et al., 

2015). Players are the elements in a game that are each other’s opponents. According to the game 

theory approach, there are strategies that decision-makers use against each other to ensure maximum 

gaining to them, and they aim to use these strategies as intelligently as possible (Cinemre, 1997). 

The first discussed problem in game theory is to form of the game’s mathematical model. 

Following is the identification of what is the optimal strategy in the game (Guseinov et al., 2010). 
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The solutions of games are based on the payoff matrix. After determining which player to choose in 

the game, the solution process begins. The maximin method is used when the player representing the 

rows of the payoff matrix is selected for solution. In addition, the minimax method is used when the 

player representing the columns of the payoff matrix is performed (Von Neumann & Morgenstern, 

2007). In the maximin methodology, the smallest value of each row of the payoff matrix is chosen. 

Afterwards, the largest of these numbers is specified. The found number is the expected value of the 

player that presents the rows in the payoff matrix (Maschler et al., 2013). The highest score will be 

selected from the players representing the columns. Since the player presenting the column knows 

the strategy of the other player’s maximin it will play the game using the minimax strategy. The 

element representing the columns control and select the maximum numeric value of each column. 

The result value of the game is the smallest of these numbers. If the maximum and minimum values 

of the game are equal, it means that the game is at the top. Top-rated games are in balance and this 

case is the best result for every player (Taha, 2000). The result value of a game is somewhere between 

the game’s maximum and minimum (Öztürk, 2001). 

Zero-sum games characterize the best solution in detail for the situation where one of the 

two players is equal to the loss of the other. In this case, how much profit or loss each player uses in 

each strategy is specified in the payoff matrix (Doğan et al.,2015). In the present research, two 

mathematics courses that include and exclude the SBT were accepted as players. The properties of 

these courses were compared with the game theoretical analysis approach according to the survey 

results. The evaluation scores of the mathematics courses were calculated. Using these scores, the 

situation according to each other concerning the preferred factor was formulated as a zero-sum game. 

It was assumed that two players were struggling in this study and a finite number of strategies. 

Smart Board Technology (SBT) 

The board is an important tool of the teaching-learning environment. It is the basic material 

in every class. The board, which has undergone considerable quantitative and qualitative changes 

from the past to the present day, has gained digital character (Sunkur et al.,2012).  SMART Board 

Technology (SBT) has been used since the late 1990s in education (Beeland, 2002). SBT is an 

innovative technology and is seen as a combination of white and black board computer technologies 

in the traditional classroom environment (Jang & Tsai, 2012).  SBT is identified as a presenting 

vehicle, which works via the connection between a computer and a projector (SMART, 2006). SBT 

has a touchscreen and the interaction with the board is carried out by a compatible pen, which is also 

used as a computer mouse. To configure the usage of the smartboard, a computer, a compatible 

interactive pen and a projector are needed. After setting up the proper connections and the smart 

board software, it becomes ready to use. Before using it for the first time, the interactive pen must be 

synced with the board and the configuration settings must be calibrated for once (Yildiz & Tufekci, 

2012). 

At the undergraduate level research carried out by Starkings and Krause (2008), various 

mathematical symbols are drawn on the board and recorded, then when these symbols and formulas 

are needed during the solution of a problem, these symbols or formulas are run directly and the 

students are shown. In feedback from students, these symbols or formulas are more legible and 

understandable to everyone because they are written in a mechanical writing style on the SBT, but 

in the traditional method, it is found that the students have difficulty in recognizing them because 

their written handwriting on the board by the teacher is illegible. Kennewell and Morgan (2003) in 

their study conducted with preservice teachers examine their attitudes towards SBT and the results 

of the research showed that almost all of the participants thought the SBT were useful teaching tools. 

Hall, Chamblee and Hughes (2008) conducted a study to determine how SBT affect teachers’ 

lecturing performance with four teachers some of whom had former experience with using SBT and 

some had not. The results showed that the teachers who had former experience with using SBT were 
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thinking more professionally, capable of creating their teaching models and able to make use of the 

different functions of the smart boards compared to the teachers who had not any experience with 

them. Teachers who had not any former experience were only able to use these boards as instruments 

to make their teaching performances more effective. Besides, use of this technology improves the 

teaching methods of the teachers and has a significant role in teachers’ lecturing more effectively. 

Method 

The present study, based on a survey model, is descriptive research. The survey research 

examines the features of a specific group (Büyüköztürk et al., 2008). The descriptive statistics 

enables the researcher to make comparisons (Merriam & Simpson, 2000). In this study, criteria were 

set to compare some characteristics of mathematics courses that did and did not include the SBT. 

Preservice teachers evaluated mathematics courses according to these criteria. Game theoretical 

analysis was used for comparing two mathematics courses conducted in different ways. To form the 

mathematical game matrices and to find the solution, the data were collected through the prepared 

questionnaire. The obtained data were analyzed quantitatively. Using the results from the 

questionnaire, a mathematical game problem is formed and two mathematics courses are accepted as 

players.  

Participants 

Thirty-eight preservice mathematics teachers who were attending mathematics education 

department at a state university in Istanbul participated in this study. Convenience case sample which 

the researcher selects the people or groups easily was used (Sönmez & Alacapınar, 2014). 

Data collection tool 

A questionnaire was prepared to determine the preferences of the mathematics preservice 

teachers for the characteristics of the two mathematics courses conducted in different ways (see 

Appendix 1). The criteria that preservice teachers consider when evaluating the mathematics courses 

that did and did not include the use of SBT were given in Table 1. By the questionnaire, it is aimed 

to compare two mathematics lessons (with SBT and without SBT). Two mathematics courses were 

compared through game theory using 15 factors corresponding to each of the 15 items in the survey: 

attracting attention to the course, clarity, ease of use, and so on. The items were on a five-point Likert 

type scale. The Cronbach’s alpha internal consistency coefficient of the questionnaire was 0.720. 

Since obtained reliability coefficient is over 0.70 (Fraenkel et al., 2012) this scale was adequately 

reliable. 

Table 1: Factors Used to Compare Mathematics Courses Conducted with or without SBT 

Number Factors 

1 Using time efficiently 

2 Using appropriate materials 

3 Using technological facilities 

4 Ease of use 

5 Convenience to group work 

6 Being fun 

7 Attracting interest to the course 

8 Providing persistence 

9 Being clear 

10 Giving the subjects in a certain order  

11 Relating the subject to other subjects 

12 Being appropriate for the feature of the subject (content structure) 

13 Relation of the subjects to daily life 

14 Being appropriate to the number of students in the school 

15 Compliance with the class level 
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Data Collection 

The presentation and usage of the SBT were introduced and a sample application for 

mathematics courses was shown in the “Instructional Technology and Material Design” course. After 

this practice, preservice mathematics teachers were asked to compare two mathematics courses that 

include and exclude the SBT. The calculation of total scores of strategies was presented in Appendix 

2.  

Data analysis 

A zero-sum game that expressed the state of the two mathematics courses (with SBT and 

without SBT) was formed based on the answers of the participants. The establishment of the game 

problem and the subsequent steps were detailed in the findings. 

 

Results 

In the present study, two mathematics courses (with SBT and without the SBT) are accepted 

as two opponents. The mathematical game problem was a zero-sum game presenting the situation of 

the two mathematics courses conducted in different ways, which were considered as rival to each 

other.  

Establishment of the Game Problem 

A zero-sum game problem was formed with the data obtained according to the results of the 

questionnaire.  The desired objective at the end of the game was specifying the distinguishing features 

of the two mathematics courses conducted in different ways (with SBT and without SBT). Firstly, 

evaluation scores of mathematics courses were calculated according to the determined criteria. 

Secondly, the players’ conditions against each other were expressed as a zero-sum game in terms of 

the properties determined as preference criterion. In this study, various characteristics of the 

mathematics courses conducted in different ways were grouped under four headings while 

determining strategies. 

Determination of Strategies  

Strategies in the game problem corresponded to the specified criteria. The criteria given 

below were accepted as the strategies of the players and two players’ situations against each other 

were analyzed. 

Fifteen criteria set for this study were collected under four main headings. Four main groups 

created to identify the strategies. Strategy A was about usage properties, strategy B was about 

properties for students, strategy C was about properties for teachers, and strategy D was determined 

as external factors. 
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Table 2: Strategies Identified in the Game Problem 

Strategies Criterion  

Strategy A: Usage properties Using time efficiently 

  Using appropriate materials 

  Using technological facilities 

  Ease of use 

Strategy B: Properties for students Convenience to group work 

  Being fun 

  Attracting interest to the course 

  Providing persistence 

  Being clear 

Strategy C: Properties for teachers  Giving the subjects in a certain order  

  Relating the subject to other subjects 

  Being appropriate for the feature of the subject (content structure) 

  Relation of the subjects to daily life 

Strategy D: External factors Being appropriate to the number of students in the school 

  Compliance with the class level 

Creation of Game Matrices  

The score of the relevant strategy was obtained by adding the scores given by the preservice 

teachers for the factors grouped under each strategy. As the numbers of the factors grouped in each 

strategy were different, it was used percentages instead of numbers. The percentage of points 

recorded for every strategy relative to the total score was found so that each player had a percentage 

of satisfying expectations for each strategy. In the mathematical game problem formed in this study, 

the first player was taught as mathematics courses that include the SBT; the second player was 

accepted as mathematics courses that exclude the SBT. The values obtained for the players were 

given in Table 3. 

Table 3: The Scores of Players for Each Strategy 

   With SBT Without SBT 

Strategies  Scores Percentage scores Scores Percentage scores 

A  654 0.1709 398 0.1041 

B  686 0.1793 503 0.1314 

C  610 0.1595 460 0.1203 

D  281 0.0734 234 0.0611 

The integration of SBT was considered as the first player, the scores the other player received 

from all the strategies were evaluated according to the score of the first player. The scores of the 

second player were subtracted from the scores of the first player and the values of the game were 

obtained in the payoff matrix. 

Table 4: Payoff matrix of the zero-sum game 

 Without SBT 

 

 

With SBT 

 A B C D 

A  0.0668 0.0395 0.0506 0.1098 

B  0.0752 0.0479 0.059 0.1182 

C  0.0554 0.0281 0.0392 0.0984 

D  -0.0307 -0.058 -0.0469 0.123  
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The solution of the zero-sum game 

To solve a zero-sum game payoff matrix, the smallest value of the rows and the largest value 

of the columns were looked at first. The largest value among the smallest values of the rows was 

0.0479, the smallest value among the largest values of the columns was obtained as 0.0479. The 

value of the game was 0.0479. 

Table 5: The solution of the zero-sum game 

 Without SBT 

With SBT  A B C D Minimum 

A 0.0668 0.0395 0.0506 0.1098 0.0395 

B  0.0752 0.0479 0.059 0.1182 0.0479 

C  0.0554 0.0281 0.0392 0.0984 0.0281 

D  -0.0307 -0.058 -0.0469 0.0123 -0.0058 

Maximum  0.0752 0.0479 0.059 0.1182  

In the zero-sum game solution, the negative values can be considered as lost for the first 

player and gain for the second player.  

According to the result of the zero-sum game, strategy B of the first player is more gainful 

than every strategy of another player. As strategy B is determined as the state of the methods in terms 

of students, according to the information obtained from the target audience, it can be said that the 

characteristics of the first player are better than the second player in terms of students.  

According to our game payoff matrix, the best strategies for smart board player are strategies 

A, B, and C. Based on the values obtained for these strategies, strategy B is the best strategy (The 

maximum gain value is 0.1182). 

Mathematics courses that exclude the SBT player does not use strategy D at all since this 

strategy will always lose it. For this reason, the best strategy for the second player is one of the 

strategies A, B and C. When examined, it will lose maximum 0.0752 in the strategy A, 0.0479 in the 

strategy B and 0.059 in the strategy C. Among these three, strategy B will be the least lost. Moreover, 

one of the strategies A, B, and C for the mathematics course that exclude the SBT player are dominant 

only to the strategy D of the integration of SBT player. 

If the second player is to apply the strategy B against the first player, the integration of SBT 

player’s gain will be 0.0479. When this value is the maximum gain for the integration of SBT player 

and the least amount of loss for the mathematics courses that exclude the SBT player, the game 

reaches an equilibrium point (This is obtained through the implementation of strategies (B, B)). The 

score determined by the equilibrium point is called “the value of the game”. The value of the game 

is 0.0479 in this game. 

Discussion  

A zero-sum game model is formed comparing two mathematics courses conducted in 

different ways. According to the results of the zero-sum game, B strategy of the integration of SBT 

is more profitable than all strategies of another player. Since B strategy is determined as the state of 

the methods about students, according to the data obtained from the participants, it can be said that 

the characteristics of the integration of SBT player are better for the students than the mathematics 

courses that exclude the SBT player. In other words, teaching with SBT is more superior than lessons 

that exclude the SBT in terms of being funny, drawing attention, ensuring retention, being clarity 

and suitability for group study. Many studies mentioned in introduction similarly stated that SBT 

make the teaching-learning process more entertaining (Ateş, 2010) and exciting (Elaziz, 2008), 

enrich the environment (Beauchamp, 2004). Adıgüzel, Gürbulak and Sarıçayır (2011) also stated that 
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group work, which is one of the outstanding features getting in this study, is easier through teaching 

with SBT. The results of the present study also show consistency with ones done by Beauchamp 

(2004), Jang and Tsai (2012). 

According to the obtained game matrix, the best strategies of teaching with SBT player are 

A, B, and C strategies. Based on the values obtained for these strategies, strategy B is the best 

strategy. Because the maximum gain value is 0.1182. From these results, teaching with SBT is more 

superior than teaching without SBT in terms of usage properties, namely strategy A (using time 

effectively, using appropriate materials, using technological opportunities, and ease of use). 

Starkings and Krause (2008) supported these results of this study; researchers indicate that smart 

boards are more useful than the traditional method (lessons that did not include SBT) in point of 

using mathematical symbols or formulas effectively and understandably. Similarly, in terms of the 

teacher (strategy C) (being consistent with the content of the subject, giving the subject in a specified 

order, associating the subject with other subjects, the association of the daily life), teaching with SBT 

is better than teaching without SBT. Coinciding with the results related to strategy C, according to 

Bulut and Koçoğlu’s (2012) research results, teachers stated that smartboards concretize abstract 

concepts in the learning process, provides active learning.  

In this study, the game problem is formed on the teaching with SBT that is the first player.  

Hence, all positive scores in the mathematical game matrices are gain for the smart board, lost for 

the mathematics courses that exclude the SBT. When the solution matrix of the zero-sum game is 

analysed, all scores in the D column for the teaching without SBT are positive. Thus, the mathematics 

courses that exclude the SBT player does not use strategy D at all, because by using this strategy the 

teaching without SBT player will always lose, teaching with SBT player will always win. This result 

shows that D strategy (external factors) of the teaching without SBT is less advantageous than all 

strategies of the integration of SBT player. That is, the teaching without SBT is weaker than the 

teaching with SBT in terms of the suitability to the class level and the compatibility with the number 

of students in the class. When the D strategy of the teaching without SBT and the A, B and C 

strategies of the teaching with SBT are compared, the external factors of the mathematics course that 

exclude the SBT player is similarly less profitable than teaching with SBT player concerning usage 

properties, student and teacher features. This result may be since the lessons that include SBT, as 

obtained in other results of the study, is dominated by the teaching without SBT in most features. As 

indicated by BECTA (2006) and Beauchamp (2004), there are many advantageous properties of SBT.  

The best strategy for the mathematics courses that exclude the SBT player is one of the A, B 

and C strategies. Among these three, B is the least lost strategy. Under any circumstances, this 

strategy is the most profitable strategy of teaching with SBT player and is the least strategy of 

teaching without SBT player. The score of the mathematical game is fixed at 0.0479 and this values 

is the saddle point. In other words, the main result of the current research is that the teaching with 

SBT player is better than the mathematics courses that exclude the SBT player in terms of student 

characteristics (being funny, drawing attention, ensuring retention, being clarity and suitability for 

group study). If the teaching without SBT player uses one of the A, B, C strategies, it can only win 

the T strategy of teaching with SBT’s player. All other strategies are profitable again with SBT. 

Because at these points ((D, A), (D, B) and (D, C)), the values in the game matrix are negative and 

in favour of the mathematics courses that exclude the SBT player. So the features of teaching without 

SBT player in terms of usage properties or students or teachers properties are better than only external 

factors of interactive whiteboards.  

Conclusion 

With advanced technology, classic boards have been replaced with SBT. In this study, the 

various features of the mathematics courses that exclude and include of the SBT were analyzed and 

compared with the game-theoretical analysis. Additionally, the underlying reasons for pre-service 
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teachers’ not choosing to use SBT in mathematics teaching were tried to be revealed. Based on the 

findings, it was observed that the pre-service teachers had positive views on using SBT and were 

willing to use technology in their professional life and future lessons. However, the use of SBT in 

middle school mathematics education is still a problem. The most important reasons for not using 

SBT are the inadequacy of teachers in technology, their belief that traditional methods are more 

effective, technical and physical insufficiencies in schools, and the need for preparation in advance 

for using SBT. 
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Appendix 1. Questionnaire 

This research has been conducted in order to determine the priorities of the preservice mathematics 

teachers in teaching with and without smart board technology. Your sincere answers in this regard 

are important for our investigation. Thank you in advance for your contributions.  

 
Criteria Very 

bad 

Bad Moderate Good Very 

good 

Using time efficiently      

Using appropriate materials      

Using technological facilities      

Ease of use      

Convenience to group work      

Being fun      

Attracting interest to the course      

Providing persistence      

Being clear      

Giving the subjects in a certain order       

Relating the subject to other subjects      

Being appropriate for the feature of the subject 

(content structure) 

     

Relation of the subjects to daily life      

Being appropriate to the number of students in the 

school 

     

Compliance with the class level      
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Appendix 2. Calculation of total scores of strategies 

With SBT Without SBT 

A1 A2 A3 A4 Sum of A A1 A2 A3 A4 Sum of A 

5 4 4 4 17 3 3 2 3 11 

4 4 4 4 16 4 2 3 2 11 

5 4 5 4 18 2 3 4 1 10 

5 5 5 3 18 4 3 2 1 10 

5 5 5 5 20 3 3 3 3 12 

4 4 3 3 14 3 3 2 2 10 

5 4 4 4 17 2 3 3 1 9 

5 4 4 4 18 4 3 3 1 11 

5 4 5 4 18 4 2 4 4 14 

4 4 4 4 16 2 2 3 1 8 

5 4 4 4 17 3 4 3 2 12 

5 4 4 4 18 2 2 2 2 8 

4 4 4 5 17 3 3 2 3 11 

5 4 3 4 16 3 4 2 3 12 

5 4 5 4 18 2 3 3 1 9 

5 4 4 4 18 2 1 4 3 10 

2 4 4 4 14 4 3 4 2 13 

5 5 5 5 20 2 2 2 3 9 

5 4 4 4 17 4 2 1 3 10 

5 4 4 4 18 3 3 2 2 10 

5 5 5 4 19 3 3 3 2 11 

4 3 5 3 15 4 2 3 2 11 

4 4 5 4 17 2 2 2 2 8 

3 5 5 5 18 3 3 3 3 12 

5 5 5 5 20 2 3 2 2 9 

4 3 4 4 15 4 3 4 2 13 

4 4 4 4 16 2 2 3 1 8 

5 4 4 4 18 3 4 3 2 12 

3 4 5 5 17 4 2 2 3 11 

5 4 3 4 16 2 3 4 2 11 

5 4 5 4 18 3 2 3 2 10 

5 4 4 4 18 4 3 1 2 10 

5 4 4 4 17 2 3 3 3 11 

5 4 5 5 19 2 2 2 3 9 

5 3 2 5 15 4 3 3 3 13 

5 4 2 4 15 2 2 2 2 8 

5 5 5 4 19 4 2 3 3 12 

5 4 4 4 17 3 2 2 3 10 

Total Score  654 Total Score  398 
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With SBT Without SBT 

B1 B2 B3 B4 B5 Sum of B B1 B2 B3 B4 B5 Sum of B 

4 4 4 4 2 18 2 4 3 3 1 13 

3 4 4 3 2 16 2 2 3 2 1 10 

4 4 4 4 4 20 3 4 3 3 3 16 

5 4 3 3 3 18 3 3 3 2 2 13 

3 5 4 3 4 19 2 2 2 3 3 12 

3 3 3 4 4 17 3 4 2 2 3 14 

4 3 3 4 4 18 3 4 2 2 3 14 

3 4 3 4 4 18 2 2 3 4 1 12 

4 4 3 5 4 20 2 4 3 2 2 13 

3 3 2 4 4 16 2 4 2 2 2 12 

4 2 4 3 4 17 2 3 2 3 4 14 

4 4 4 3 4 19 2 4 2 2 3 13 

4 4 3 3 4 18 2 2 2 2 2 10 

4 4 2 4 4 18 3 3 3 3 4 16 

4 2 3 4 3 16 2 2 2 2 3 11 

5 5 2 3 5 20 4 2 3 3 3 15 

5 3 3 3 3 18 2 3 3 2 3 13 

4 4 4 4 3 19 3 2 3 3 2 13 

3 4 3 3 4 17 3 3 3 3 2 14 

4 3 4 4 4 18 2 2 2 3 3 12 

4 4 4 4 4 20 4 2 2 2 3 13 

3 3 4 3 3 16 2 2 4 2 3 13 

4 3 4 3 3 17 2 2 2 2 3 11 

4 3 3 5 4 19 3 3 3 3 3 15 

5 4 3 3 3 18 3 2 3 2 4 14 

4 4 3 3 4 18 2 2 2 4 2 12 

4 3 4 3 2 16 2 3 3 2 3 13 

4 4 4 4 4 20 3 2 2 3 3 13 

3 3 3 3 3 15 2 2 2 2 2 10 

4 5 4 4 4 21 2 3 3 4 4 16 

5 3 4 4 4 20 2 3 2 3 2 12 

3 4 3 3 3 16 2 3 3 2 4 14 

3 4 4 3 3 17 3 4 3 4 1 13 

3 4 4 4 4 19 3 3 3 3 3 15 

5 5 4 4 3 21 2 3 2 3 1 11 

4 3 3 2 3 15 3 4 3 2 1 13 

4 4 4 4 3 19 4 4 4 4 4 20 

3 4 5 3 4 19 3 4 3 3 2 15 

Total Score 686 Total Score 503 
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With SBT Without SBT 

C1 C2 C3 C4 Sum of C C1 C2 C3 C4 Sum of C 

5 4 4 3 16 3 4 3 2 12 

3 3 4 4 14 3 3 2 2 10 

4 4 4 2 18 3 3 4 4 14 

4 4 4 4 16 4 3 3 2 12 

4 3 5 3 15 2 2 4 3 11 

3 4 5 5 17 3 3 3 4 13 

3 4 3 4 14 3 3 3 3 12 

4 4 5 5 18 2 3 4 3 12 

3 3 3 3 12 2 2 3 3 10 

5 5 5 5 20 4 3 3 4 14 

3 3 5 2 13 2 2 3 3 11 

5 5 5 4 19 3 2 4 4 13 

4 4 4 4 16 3 4 3 2 12 

5 4 3 4 16 4 2 4 2 12 

4 5 4 4 17 3 3 2 4 12 

3 4 4 4 15 3 3 3 1 10 

4 4 2 3 13 4 4 3 3 14 

5 5 4 5 19 2 2 3 4 11 

3 4 3 4 14 3 3 3 4 13 

5 4 5 4 18 3 4 4 3 14 

4 4 4 4 16 2 3 3 2 10 

4 3 4 2 13 3 3 3 3 12 

4 5 5 5 19 3 2 4 3 12 

5 3 4 4 16 3 3 3 2 11 

5 5 3 4 17 3 3 3 4 13 

2 4 4 4 15 3 3 3 3 12 

3 4 4 4 14 3 5 2 2 12 

4 4 5 5 18 2 2 2 3 9 

4 4 4 4 16 3 3 4 5 15 

3 4 4 4 15 3 3 3 2 11 

4 5 3 3 17 3 4 3 3 13 

4 3 5 4 16 4 2 2 2 10 

4 3 3 3 13 3 4 3 4 14 

5 5 5 4 19 3 4 3 2 12 

4 4 4 4 16 4 2 3 3 12 

4 3 5 4 16 2 2 4 3 11 

4 4 5 5 18 2 3 5 3 13 

3 4 5 4 16 4 4 4 4 16 

 Total Score 610 Total Score  460 
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With SBT Without SBT 

D1 D2 Sum of D D1 D2 Sum of D 

4 4 8 3 3 6 

5 3 8 4 2 6 

3 3 6 4 4 8 

5 5 10 3 1 4 

5 4 9 3 3 6 

3 4 7 2 5 7 

3 3 8 2 3 5 

4 4 8 3 2 6 

5 4 9 4 3 7 

4 3 7 3 2 5 

5 5 10 3 3 6 

3 3 6 3 3 6 

4 5 8 3 2 5 

4 3 7 3 4 7 

4 5 9 2 2 4 

4 4 8 4 4 8 

3 4 7 3 3 6 

5 4 9 4 4 8 

5 3 8 2 2 4 

2 4 6 2 4 6 

4 2 8 3 4 7 

5 3 8 3 2 5 

4 3 7 2 3 5 

5 4 9 4 3 7 

4 4 8 2 4 6 

4 3 7 4 4 8 

2 4 6 2 2 4 

3 5 8 3 3 6 

3 4 7 3 5 8 

5 4 9 2 2 4 

5 5 10 3 3 6 

3 3 6 2 4 6 

2 2 4 4 3 7 

3 3 6 3 3 6 

2 2 4 4 3 7 

2 3 5 3 3 6 

3 2 5 4 4 8 

4 4 8 3 5 8 

Total Score 281 Total Score 234 

 


