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Abstract

The study aims to examine the number sense strategies used by the students while playing
different reasoning and operation games in the mind games lesson. The study was carried out
with 7th-grade students in the mind games course in a public elementary school in Ankara.
Games used in the study are kendoku, kakuro, futoshiki, and arithmetic operation board games.
Data collection tools of the study include observation notes, video recordings taken by the
researchers during the application, and students’ written works. As a result of the analyses, it
was determined that the students used number sense-based strategies in reasoning and operation
games. These strategies are using the equivalent forms of numbers, recognizing the effects of
operations on numbers, decomposing and composing numbers, and using one half as a
benchmark. The strategies of decomposing and composing numbers and recognizing the effects
of operations on numbers were used during kendoku, kakuro, and arithmetic operation board
games. The strategies of using the equivalent forms of numbers and using one half as a
benchmark were used during futoshiki games. It is thought that the form and properties of
numbers used in mind games may be effective in the emergence of these number sense
strategies.
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Bu aragtirmanin amac1 6grencilerin zeka oyunlari dersinde oynanan farkli akil yiiriitme ve iglem
oyunlart sirasinda kullandiklar say1 duyusu stratejilerinin incelenmesidir. Arastirma Ankara’da
bulunan bir devlet ortaokulunun 7. smf Ogrencileriyle zekd oyunlari dersinde
gerceklestirilmistir. Aragtirmada kullanilan oyunlar; kendoku, kakuro, futosiki ve islem karesi
oyunlaridir. Caligmanin veri toplama araglari uygulamalar sirasinda alinan gdzlem notlari,
video kayitlar1 ve 6grenci ¢dziim kagitlarindan olusmaktadir. Analizler sonucunda dgrencilerin
akil yiiritme ve islem oyunlarinda sayr duyusu temelli stratejilerden yararlandiklar
saptanmistir. Bu stratejiler; say1 es deger formlarini kullanabilme, iglemlerin sayilardaki
etkilerini fark edebilme, sayilar1 ayristirip birlestirme ve yarima yakin olmadir. Stratejiler oyun
temelinde degerlendirildiginde sayilar1 ayristirip birlestirme ve islemlerin sayilardaki etkisini
fark edebilme stratejisinin islem karesi, kakuro ve kendoku oyunlarinda; sayi es deger
formlarini kullanma ve yarima yakin olma stratejilerinin ise futosiki oyununda kullanildig
goriilmiigtiir. Bu stratejilerin kullanimmin ortaya ¢ikmasinda zekd oyunlarinda kullanilan
sayilarin yapisinin ve dzelliklerinin etkili olabilecegi diistiniilmektedir.

Anahtar sozciikler: Zeka oyunlari, sayr duyusu, hesaplamada esnek olma, referans noktast
kullanim, ortaokul 6grencileri ve akil yiirlitme ve islem oyunlar
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baslikli yiiksek lisans tezinden tiiretilmistir.

2Sorumlu  Yazar: Matematik Ogretmeni, Muammer Kandemir Imam Hatip Ortaokulu, e-posta:
kubraksakal06@gmail.com, https://orcid.org/0000-0001-9410-8511

3Dr. Ogr. Uyesi, Egitim Fakiiltesi, Matematik ve Fen Bilimleri Egitimi Boliimii, Matematik Egitimi
Anabilim Dali., e-posta: mkayhanaltay@gmail.com, https://orcid.org/0000-0002-1917-2430


https://orcid.org/0000-0001-9410-8511
https://orcid.org/0000-0002-1917-2430

Number Sense Strategies Used by 7th-Grade Students in Games of Reasoning and Operation 723
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and Operation

Number sense is defined as a general understanding of numbers and operations,
using numbers flexibly, seeing the relationships between numbers, using effective
strategies, and identifying non-standard ways suitable for the situation (Yang &
Huang, 2004). A student who has a high level of number sense finds the result of 1200
by thinking the number 25 as 100/4 instead of using the long multiplication algorithm
of 25 x 48, first dividing 48 by 4, and then multiplying by 100 in a short way (Greeno,
1991). It can be said that a person with a high level of number sense can recognize the
ways of representing numbers, understand the relationships between numbers and
number systems, make reasonable guesses, solve quickly and accurately, and calculate
flexibly from the mind. Gersten and Chard (1999) tried to define the number sense by
making use of the analogy of phonological awareness which is seen as the basis of
reading. Just as phonological awareness is necessary for fluent reading and reading
comprehension, number sense has the same importance for mathematics. Based on
this analogy, they defined number sense as a child's ability to work with numbers
flexibly and fluently, to feel what the number means, and to do math in the mind.

Reys and Yang (1998) stated that students' sense of number and operation,
flexibility in estimation and calculations, choosing suitable ways for operations and
developing effective strategies are number sense skills. According to Markovits and
Sowder (1994), number sense is defined as the ability to use numbers flexibly in
calculations, to make predictions, to reason with the magnitudes of numbers or the
causes of the results of operations, to use different numerical representations, and to
relate numbers, symbols and operations. According to Berch (2005); number sense, is
defined as the sense of the meanings of numbers, awareness, intuition, recognition,
knowledge, skill, ability, process, conceptual structure and mental activities. In
addition to the definition of number sense, the research also sought answers to
questions about which skills should be included in this structure. For this purpose,
components of number sense, basic features of number sense, indicators and tasks
measuring these structures were determined. For example, number sense components
are described by Greeno (1991) as flexible mental computation, numerical estimation,
and quantitative reasoning and inference; by Mclntosh et al. (1992) as knowledge and
ability about numbers, knowledge and ability about operations, ability to apply
knowledge and ability about numbers and operations; by Markovits and Sowder
(1994), using numbers flexibly when calculating numbers mentally, interpreting the
size of the numbers and the appropriateness of the results of the operations; by Reys
and Yang (1998) multiple representations of numbers as recognizing magnitudes of
numbers, choosing benchmarks, decomposing and recomposing numbers,
recognizing the effects of operations on numbers, flexibility and convenience in
mental computation and estimation. Although the definitions and components are
different, the tasks used to measure the components defined as number sense are
similar.
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As stated in the National Council of Teachers of Mathematics (NCTM), in the
field of learning numbers and operations in mathematics lessons middle school
students are asked to understand operations and the relationships between various
operations, the relationships between numbers, as well as the different ways of
representing numbers, make reasonable estimates, and make confident calculations
(NCTM, 2000). Although the number sense is not emphasized in the middle school
mathematics curriculum in Turkey, students are expected in the field of numbers and
operation to develop skills related to important components of number sense such as
being able to predict the results of addition, subtraction, multiplication and division
operations, using an effective strategy in mental multiplication and division,
estimating the results of operations with fractions, and using flexible strategies in
addition and subtraction operations (Acar & Peker, 2021; Karabey et al., 2019;
Ministry of National Education, 2018).

It is important for students to understand the relationships between numbers and
to use flexible strategies for the development of number sense as stated in the NCTM
and middle school mathematics curriculum. When the studies in the literature are
examined, it is seen that the number sense of students is quite low (Dede & Sengiil,
2016; Filiz & Morali, 2020; Kayhan Altay & Umay 2011; Reys & Yang, 1998; Reys
etal., 1999; Sengiil & Giilbage1, 2012; Tsao, 2005; Yang & Huang, 2004; Yang, 2005;
Yapict & Kayhan Altay, 2017). The reason for the low number sense is stated in the
literature, such as the students' choices of known solution structures and teaching
based on algorithms (Filiz & Morali, 2020; Reys & Yang, 1998; Reys et al., 1999;
Sengiil & Giilbage1, 2012; Tsao, 2005; Yang & Huang, 2004; Yang, 2005; Yapict &
Kayhan Altay, 2017).

When the studies on number sense strategies are examined, it has been
determined that middle school students or preservice teachers generally use rule-based
strategies (Can, 2017; Er & Ding Artut, 2017; Filiz & Morali, 2020; Sengiil, 2013;
Yang, 1995; Yang, 2005; Yang, 2007; Yang et al., 2009; Yenilmez & Yildiz, 2018).
For example, Yang et al. (2009) examined the number sense strategies used by pre-
service primary school teachers in mathematical problems. It was revealed that the
number of pre-service teachers using number sense strategies such as the use of
reference points and magnitude of number was quite low, and the majority of them
used rule-based methods as a result of the study. It is seen that pre-service primary
school teachers mostly use rule-based strategies in the number sense test in Sengiil's
(2013) study. Similarly, in the studies of Er and Ding Artut (2017), it was stated that
8th grade students solve number sense problems with rule-based strategies. Number
sense strategies were examined on rational numbers in 7th grade students and it was
determined that rule-based methods were used as a result of the research in the study
of Yenilmez and Yildiz (2018). In addition, the number sense of the students was
examined on the basis of the components and it was found that the students were more
successful in the component of recognizing the effects of operations on numbers.
Fourth grade students' use of number sense in contextual and non-contextual problems
was examined and it was found that the majority of them used rule-based solutions in
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the study of Can (2017). However, when asked to find alternative solutions for a few
questions of context-based problems, it was stated that students used number sense.
When the results of these studies are examined, it is seen that the number sense
strategies of the students can change in different subjects and contexts.

When the literature was examined, no study was found on the use and change of
number sense strategy in the context of mind games. In this sense, it is thought that
examining the strategies used by the students in the context of the mind games lesson
will contribute to the field in terms of the use of number sense strategy and providing
clues to the teachers during the planning and implementation of the mind games
lesson.

When the objectives of the Ministry of National Education's (MoNE) curriculum
for the mind games course (MoNE, 2013) are examined, it is seen that students are
expected to improve their memory and to develop unusual solutions for solving
problems of different structures. In addition, students are required to be able to reach
results accurately and quickly, to have analytical thinking and to develop the ability
to work both individually and in groups while playing games. When the specific
objectives of the program are examined, students are expected to develop their
reasoning, communication and problem-solving skills. There are important points
regarding the development of reasoning skills. These are developing operational
techniques through numbers, revealing reasonable ideas, and forming operational and
measurement estimation skills (MoNE, 2013). These skills are also important for
number sense development. The mind games course is taught on the basis of the
layered curriculum. Students are provided with convenient learning situations that
show a gradual relationship from easy questions to difficult questions, from close to
far, from concrete situations to abstract situations, from known things to unknowns,
from simple to complex with the layered curriculum. The layered curriculum includes
three levels. Of these, the beginner aims to learn using the basic principles of the game.
It includes making logical inferences at the intermediate level, creative thinking and
creating original tactics for the game at the advanced level. Mind games contain six
different units. The games in these units are mind questions, reasoning and operation
games, geometric-mechanical games, memory games, verbal games and strategy
games (MoNE, 2013).

In a study by Demirel and Yilmaz (2016), it is found that mind games, when
used in Turkish and mathematics courses, help the students learn the topics better and
improve their problem-solving capabilities. In addition, middle school teachers and
preservice teachers think that mind games have a positive effect on skills such as
reasoning, problem solving, and number sense (Alkas Ulusoy et al., 2017; Bottino et
al., 2013; Foster et al., 2011; Reiter et al., 2014). The research aims to examine
whether mind games have a positive effect on the use of number sense strategies as
stated by elementary school mathematics teachers. The effect of number sense on
learning mathematics lessons in a meaningful way has been emphasized in many
studies (NCTM, 2000; Yang, 2003; Yang, 2005; Yang, 2007; Yang et al., 2009). It is
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emphasized that mind games develop students' skills such as spatial ability, problem
solving and reasoning (Alkas Ulusoy et al., 2017; Bottino et al., 2013; Demirel &
Yilmaz, 2016; Demirkaya & Masal, 2017; Kurbal, 2015; Sargin & Tasdemir, 2020;
Olkun, 2003; Zeybek & Saygi, 2018). Considering the positive effects of mind games
and number sense on mathematics lessons, it is thought that it would be meaningful
to examine number sense strategies in the context of mind games.

For this purpose, number sense strategies were examined in the context of the
mind games course and the answer to the problem "What kind of number sense
strategies do 7th grade students use in reasoning and arithmetic games?" was sought.

Method

The research design, participants, data collection tools, context and data analysis
used in the research are presented under this title.

Research Design

The case study model which is one of the qualitative research methods was used
in the research. The holistic single case design which is a single analysis unit from
case study designs was used in the research. There are 7th grade students in the mind
games course in the research as a holistic single case. The data collected in the study
were used to make an evaluation, as opposed to generalizing (Fraenkel et al., 2012).
The situation to be investigated in this research is the mind games course in which
reasoning and operation games are played. It is the number sense strategies that 7th
grades students use while playing reasoning and operation games as the unit of
analysis. It was decided to use the case study design since it was aimed to examine
and explain the number sense-based strategies of 7th grade students in different
reasoning and operation games in the research.

Participants

The study group of the research which was determined by the purposeful
sampling method is 14 seventh grade students in a state middle school in Ankara and
taking the elective mind games course. Permissions from the Ministry of National
Education were obtained for the ethics committee and voluntary participation was
provided. Before the application, a 17-item number sense test developed by Kayhan
Altay and Umay in 2013 was applied to the students. The highest score to be obtained
on the test is 17. Those who solved the questions in the test using number sense
strategies were given 1 point, and those who solved them using the standard algorithm
were given 0 points. After applying the number sense test, the students were divided
into groups of two with the people they wanted, with a total of 7 groups in different
number sense performances. In this way, the groups were able to express themselves
comfortably and work on the games during the practices. The real names of the
students in the groups are represented by letters. For example, Group 1 (G1) Student
M (SM) and Student Y (SY); Group 2 (G2) consists of Student Z (SZ) and Student T
(ST).
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The average scores of the students on the number sense test are as follows: G1
consisting of M and Y students 7 points; G2 consisting of Z and T students 3.5 points;
G3 consisting of P and R students 10 points; G4 consisting of S and V students 7.5
points; G5 consisting of J and S students 7.5 points; G6 consisting of | and U students
7 points; G7, consisting of | and U students, got 4 points. Considering the scores of
the students in the number sense test, it was determined that their number sense was
low.

Data Collection Tools

Classroom observation, audio recordings and students’ written works which are
made during the practices in the mind games lesson were used as data collection tools
in this research. The classroom observation was made by the first researcher to
determine the number sense strategies of the participants while playing games. Audio
recordings were taken from the participants' expressions during the game to determine
their number sense strategies. Students’ written works were collected in order to
validate other data sources in determining the number sense strategies of the
participants.

The Process of Developing and Implementing Reasoning and Operation
Games

The mind games course book (Middle School and Imam Hatip Middle School
Mind Games 5th, 6th, 7th and 8th grades, 2016) and the curriculum of mind games
(MEB, 2013) were used in the development of the games. The numbers which are
used in the games were arranged by taking into account the objectives in the
mathematics curriculum. The materials for the game kendoku, arithmetic operation
board game, kakuro and futoshiki were prepared by the researchers. The opinions of
a total of four field experts who had training in mind games and worked in
mathematics education were consulted in the arrangement of numbers used in
kendoku, kakuro, arithmetic operation board game and futoshiki games for the
validity of the research. Data collection tools such as solution papers belonging to the
students, observations made by the researcher, and videos recorded while the students
were playing were used for data triangulation. The reason why kendoku, kakuro,
arithmetic operation board game and futoshiki games were chosen by the researchers
is that they contain mathematical operations and comparisons and provide richer
information in terms of the use of number sense strategies. Games with geometric-
mechanical content, games with strategy and games with verbal content were not
included in the study because they were not suitable for the use of number sense due
to their structure. 7 games were played from each game used in the research. The
games were organized to play 3 games at the beginner level, 2 games at intermediate
level and 2 games at the advanced level. The content of the games and the numbers
used in the games were rearranged as a result of the pilot study and it was decided to
do the application in groups of two. The purpose of playing the games in groups of
two is to reveal the number sense strategies.
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Reasoning and operation games such as kakuro, kendoku, futoshiki and
arithmetic operation board game were played to the students in the mind games lesson
after the pilot study. According to the rule of the game, in the kendoku game, students
are asked to apply the numbers 1, 2 and 3 only once in the row and vertical column.
Students are asked to place the numbers appropriately according to the result obtained
from the operation. They are expected to use the numbers one, two, three and four at
the intermediate level only once in the row and column in this game. Students are
expected to make the placement of the numbers with the results they obtained. An
example of a kendoku game from the beginner level is given in Figure 1 in this
context.

Figure 1
An Example Of A Kendoku Game From The Beginner Level

3 2x

s+

“What can these three numbers be since the result of the multiplication of three
numbers is 2?” is desired to be considered in the part (in the cage) with the black thick
line around which 2x is written in Figure 1. It is requested to think about which four
numbers will add up to 8 in the part where 8+ is written. If there is no mathematical
operation next to it, such as 3, that number is expected to be written in the cage
containing it.

The arithmetic operation board game includes the rule of placing the numbers
from 1 to 9 in the given spaces, paying attention to the result of the operation and the
priority of the mathematical operation. An example game of the arithmetic operation
board game from the beginner level is given in Figure 2.

Figure 2
An Example Game of the Arithmetic Operation Board Game From the Beginner Level
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Two numbers are divided into each other in the first line and if the result is 3, it
is expected to find out what these two numbers are in figure 2. While writing these
two numbers, it is necessary to pay attention to the operations in the column.

Kakuro game which the number under the diagonal in a cell is the sum of the
numbers in the sequential squares under that number; it is a game where the number
to the right of the diagonal gives the sum of the numbers in the consecutive squares
to the right of that number, and the numbers from 1 to 9 are used in the consecutive
squares. An example game of kakuro from the beginner level is shown in Figure 3.

Figure 3
A Sample Game of Kakuro From the Beginner Level

4 8

It is expected that the sum of the numbers written in the 4 written cells at the
bottom left of the diagonal and the two white cells below it will be 4 in Figure 3.

Futoshiki game is a game where the numbers 1, 2, 3 and 4 must be written once
and the numbers are placed in the appropriate places with the help of the greater (>)
and less than (<) symbols. An example of a futoshiki game from the beginner level is
given in Figure 4.

Figure 4
An Example of a Futoshiki Game From the Beginner Level
1 {3

2
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Students are asked to use the numbers 1, 2, 3 and 4 only once in their column
and row, and to play the game by considering whether the numbers are big or small
in the easy level of the futoshiki game.

Various number systems were used while preparing reasoning and operation
games. Natural numbers are used in all levels of kendoku and kakuro games. At the
beginning and intermediate levels of the game of futoshiki, there were numbers one,
two, three and four which were found as a rule. Fractions are used in the advanced
level of futoshiki. Natural numbers were used in the beginning levels of the arithmetic
operation board game; integers and natural numbers were used in intermediate and
advanced levels of the arithmetic operation board game.

Context

Kendoku, arithmetic operation board game, futoshiki and kakuro from reasoning
and operation games were applied to 7th grade students for six weeks. Students played
the game in groups of two. Each of the games was applied in two lesson hours (80
minutes). In the first lesson, the rules of the game were explained to the students by
the first researcher before the games were played. The beginner level of the game was
played in the first lesson, and the advanced levels were played in the second lesson.
The games played from the beginning level of the game to the advanced level of the
game are arranged to be played in groups of two people. At the end of each game, the
winning group explained the strategies they used in the game. Researchers are
responsible for the development of mind games, their implementation in the
classroom, video recording and observation. The application was carried out in the
elective mind games course. The teacher of the class who is the teacher of the elective
mind games lesson helped the researchers in maintaining the order of the class during
the application.

Ethical Committee Approval

Ethical consent was obtained from Hacettepe University Ethical Committee, No:
51944218-300/00000511344, Date: 19.03.2019.

Data Analysis

According to the qualitative analysis methods, the video recordings were
brought into written form (transcripts), the written documents of the students and the
observations collected by the researcher were analysed. The observation was used to
support the transcription of the video recordings; the descriptive analysis technique
which is one of the qualitative analysis methods was applied.

The strategies used by the students during each game were analysed according
to their differences and similarities. The verbal expressions and written documents of
the students during the video recording were examined. The names of the codes
related to the number sense strategies used by the students were evaluated
independently by two researchers using the terminology found in the literature. In
order to ensure the reliability of the research, the data were analysed by two
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researchers and the percentage of agreement was calculated with the formula,
[Agreement / (Agreement + Disagreement)] x 100 in order to determine the
consistency between the codes and themes (Miles & Huberman, 1994). As a result of
this calculation, the consistency between the two raters was determined as 93% and
the research was accepted as reliable.

The resulting codes are using the equivalent forms of numbers (Mclntosh et al.,
1992), decomposing and composing numbers (Mclntosh, Reys, & Reys, 1992),
recognizing the effects of operations on numbers (Yang & Tsai, 2010), and using one
half as a benchmark. The number sense strategies determined were gathered under the
components previously defined in the literature by the researchers. The strategy of
decomposing and composing numbers, recognizing the effects of operations on
numbers and using the equivalent forms of numbers were gathered under the number
sense component of flexibility in the calculation. The strategy defined by the number
sense component of the using reference point is using one half as a benchmark. The
strategy of decomposing and composing numbers is choosing different
representations of numbers in a way that facilitates calculation in various
mathematical operations (Yang, 2005); recognizing the effects of operations on
numbers, understanding the operation and the change of the result when the value of
any number changes in the calculations of various mathematical operations (Reys &
Yang, 1998; Yang & Tsai, 2010); the strategy of using the equivalent forms of
numbers is defined as the use of the types in which the numbers are shown differently
(Mclntosh et al., 1992) and the strategy of using one half as a benchmark is defined
as deciding on the magnitude of the number by considering the half as a criterion
(Mclntosh et al., 1992).

The codes of the strategies used in number sense were determined by using the
number sense components found in the literature. For example, students try to find
out what the multipliers of 96 and 36 will be in the form of 36=9x4 and 36=3x3x4 or
96=4x2x2x6 during the kendoku game or 13= 2+6+5, 13=1+7+5 and 13=3+6+4,
thinking of which numbers the number 13 will consist of in the kakuro game is stated
under the code called the strategy of decomposing and composing numbers. Students’
expression of fraction 16/80 as 1/5, fraction 21/84 as 1/4, fraction 27/54 as 1/2 and
fraction 22/66 as 1/3 during the game futoshiki was clustered under the strategy code
of using the equivalent forms of numbers. Students’ expressions such as ‘“27/54 is
greater than 21/84” during the game futoshiki were identified as the strategy of using
one half as a benchmark. During the arithmetic operation board games, “Using the
numbers 1, 9 and 4, through what operations is the number -35 formed?” Students
should answer the question as 1-(9 x 4) =-35 and find the numbers that make up the
number 13 as 13 = (9+1) + 4 and 13 = (8+1) +5 brought together under recognizing
the effects of operations on numbers code.

Results

The number sense strategies used by 7th grade students during reasoning and
operation games are expressed under separate headings for each game.
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Number Sense Strategies Used in Kendoku Game
The strategies used by the groups in the Kendoku game are detailed in Table 1.

Table 1
Number Sense Strategies Used by Groups in Kendoku Game
Groups of Game

Kendoku Game Group Group Group Group Group Group Group

1 2 3 4 5 6 7
Decomposing
o and N
2 composing
numbers

NSBS: Number Sense Based Strategies

It was observed that Group 1, Group 2, Group 3, Group 4 and Group 5 used the
strategy of decomposing and composing numbers in Kendoku game. As seen in Table
1, it was determined that five of the seven groups used the number sense strategy. In
Figure 5, the game material of Group 2 is given.

Figure 5
Kendoku Game Material of Group 2

In the middle level of the Kendoku game, the numbers that can come to the digit
(36%) where the product of four numbers is 36 are predicted (Figure 5). Student Z in
Group 2 said, “When we multiply 12 by 3, it becomes 36. I want to use 4, 3,3 and 1.”
An example of the strategy of decomposing and composing the numbers is that he
first states the number 36 as the product of 12 and 3 and thenas 4, 3, 3and 1 (36 = 12
x 3 and 36 =4 x 3 x 3 x 1). Here, it also overlaps with the observation data that the
students in Group 2 predicted from their minds that they did not use the standard
algorithm. Student Z practically expressed the number 36 as 4, 3, 3 and 1. Although
the score of Group 2 in the number sense test was low, it was observed that they used
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the strategy of decomposing and composing the numbers at the middle level of the
kendoku game.

It was also observed that in the first levels of the Kendoku game, some students
did not do a written operation, only placed the numbers in the logic of sudoku. As the
numbers get bigger in the game, it gets harder to see these relationships. However, it
has been observed that some groups use their number sense to finish the game faster
and more accurately as the numbers get bigger in the intermediate and advanced levels
of the game.

Number Sense Strategies Used in Kakuro Game
The strategies used by the groups in the Kakuro game are detailed in Table 2.

Table 2

Number Sense Strategies Used By Groups In Kakuro Game
Groups of Game

Kakuro Game Group Group Group Group Group Group Group
1 2 3 4 5 6 7
n Decomposing
8B and composing \ \ \ V
z numbers

NSBS: Number Sense Based Strategies

It was observed that Group 1, Group 3, Group 4 and Group 5 used the strategy
of decomposing and composing humbers in Kakuro game. Table 2 shows that four of
the seven groups used the number sense strategy. Other groups tried to place the
numbers by trial and error, but the groups using the number sense strategy were the
winners of the game.

Figure 6
Kakuro Game Material of Group 4

The dialogue of the students in Group 4, which is given as an example of the
strategy of decomposing and composing numbers in Figure 6, during the kakuro game
is as follows:
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SS: | directly observed 16. Oh, it's at 17, okay. 9 and 7 became 16. 9 and 8
became 17. The intersection of the two will be 9.

SV: I'm looking at 20. | tried 7. It becomes 7, 9, 4. It would be 7, 8, 5. The
numbers must already be different.

The fact that the results of operations such as “16 = 9+7 and 17 = 9+8” and “20
= 7+9+4 and 20 = 7+8+5” are given by the students and the numbers can be found
easily shows that they can decompose and compose humbers.

Number Sense Strategies Used in the Arithmetic Operation Board Game
The strategies used by the groups in the arithmetic operation board game are
detailed in Table 3.

Table 3

Number Sense Strategies Used by Groups in the Arithmetic Operation Board Game
Groups of Game
Group Group Group Group Group Group Group
1 2 3 4 5 6 7

Arithmetic Operation
Board Game

Decomposing

and composing \
numbers

Strategy of

recognizing the

effects of \
operations on

numbers

NSBS: Number Sense Based Strategies

NSBS

It was observed that only Group 1 used the strategy of decomposing and
composing numbers and recognizing the effects of operations on numbers in the
medium and difficult levels of the arithmetic operation board game. Other groups have
passed the beginner level using the standard calculation algorithm. However, they had
difficulty in finishing the games at medium and difficult levels. In Figure 7, the
arithmetic operation board game materials of Group 1 are given.

Figure 7
Arithmetic Operation Board Game Materials of Group 1

Intermediate level arithmetic operation board Difficult level arithmetic operation board games
games material of Group 1 material of Group 1
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According to Figure 7, Group 1 obtained the number 38 by using the numbers 6,
7 and 4 in the middle level arithmetic operation board game. SM in Group 1 said, “6
times 7 makes 42. 42 — 4 = 38. (6x7) -4=38. The suddenly statement “The
multiplication and minus symbols will come” can be shown as an example for the
strategy of recognizing the effect of operations on numbers. It has been observed that
SM pays attention to the magnitude of numbers and the operations. In addition,
students did not use written documents. In this strategy, the fact that the student first
looks at the result of the operation and then expresses which numbers will get closer
to this number by multiplying each other is characterized as being able to recognizing
the effects of operations on numbers. In the difficult level of arithmetic operation
board game (Figure 7), the students are asked to give the result of the operation and
place the numbers suitable for this result. The game dialogue of Student M and
Student Y is as follows: SM: 9 times 5 is 45. 45 + 2 = 47. Then 8 times 5 is 40, and
we add 7 to get 47. SM tries to find the numbers that the result of the operation is 47.
While trying to determine which numbers the number 47 consists of, they made trials
such as 47 = (8x5) + 7 and 47 = (9%5) +2 by expressing it verbally.

Number Sense Strategies Used in Futoshiki Game
The strategies used by the groups in the futoshiki game are detailed in Table 4.

Table 4
Number Sense Strategies Used by Groups in the Game of Futoshiki
Groups of Game

Game of Futoshiki "~ Group Group Group Group Group Group Group
1 2 3 4 5 6 7

Strategy of

using the

equivalent \ \ \
forms of

numbers

NSBS

One half as a S
benchmark
NSBS: Number Sense Based Strategies

In the medium and difficult levels of the futoshiki game, it was determined that
Group 3, Group 4 and Group 6 used the using the equivalent forms of numbers and
Group 6 used the strategy of using one half as a benchmark. Table 4 shows that three
groups from seven groups used the number sense strategy. Figure 8 shows the
futoshiki game material of Group 6.
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Figure 8

Futoshiki Game Material of Group 6

The strategy of using the equivalent forms of numbers emerged during the game
of futoshiki. In the advanced levels of the game, when placing the fractions 21/84,
16/80, 22/66 and 27/54, it is necessary to write only once horizontally and vertically
in the relevant part, and consider the greater and lesser symbols. The conversations of
Group 6, consisting of Student | and Student U, during the difficult level of the
futoshiki game are presented as follows:

Sl: Let’s look at the fractions here without looking at the signs of greater than
and less than.

SU: Sure.
SI: The fraction 21/84 meant one fourth. The fraction 16/80 meant one fifth.
SU: It means 1/4 and 1/5, they already have it.

Student I’s “21/84 fraction means one quarter” and 16/80 fraction “means one
fifth” can be given as an example of the strategy of using the equivalent forms of
numbers. Here, Student | simplified and expressed fractions without using written
documents. The strategy for using the equivalent forms of numbers is described as
effectively specifying different representations of numbers. Other groups first tried to
equalize the denominator at medium and difficult levels. For example, Group 2 tried
to equalize the denominators of 27/54 and 22/66 in the same game by multiplying 54
and 66; They made statements such as “fractions are big, we had a hard time”.

Another strategy that emerges during the game of futoshiki is one half as a
benchmark. During the futoshiki game, Student | in Group 6 used a phrase such as
“the fraction 22/66 is less than half”’; he compared two fractions (22/66 and 27/54)
easily (Fig. 8). Student I's ability to easily compare two fractions while comparing
fractions during the futoshiki game can be given as an example for the strategy of one
half as a benchmark of the number sense of using the reference point.

Discussion, Conclusion and Suggestions

In this research, which aims to examine the number sense-based strategies used
by seventh grade students in the games played in the mind games lesson, it was
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determined that many student groups used number sense-based strategies such as
decomposing and composing numbers and recognizing the effects of operations on
numbers in kendoku and kakuro games compared to other games. In the study in
which the number sense and components were examined in the 2018 middle school
mathematics curriculum, it was determined that the most objectives were related to
the meaning of numbers component (Acar & Peker, 2021). In another study
comparing the number sense components in the curriculum of certain years in Turkey,
it was found that the number sense component, which is thought to be used the most,
is the decomposing and composing numbers (Karabey et al., 2019). This emphasis on
the strategy of decomposing and composing numbers in the curriculum may have
prompted students to use this strategy more. In addition, it is thought that the rules of
the games, the structure and properties of the numbers used in the games may be
effective in the emergence of the use of these strategies. For example, giving the result
of the addition operation in the game of kakuro and asking which numbers will come
in the blanks and giving the result of the multiplication operation in the game of
kendoku and asking which numbers can be obtained with this result may have allowed
the use of the strategy of decomposing and composing numbers.

It has been observed that the strategy of recognizing the effects of operations on
numbers is used in kakuro, arithmetic operation board games and kendoku games.
The case of increasing the use of the strategy of recognizing the effect of operations
on numbers is in line with the results of the studies of Ding Artut and Er (2022). In
this study conducted with gifted 5th grade students, the researchers concluded that
number sense-based strategies were mostly used in the questions about recognizing
the effect of operations on numbers. The reason why the strategy of recognizing the
effect of operations on numbers is used in kakuro, arithmetic operation board games
and kendoku games can be considered as the structure of the numbers used in the
problem. There were differences between the games in the use of this strategy. It was
observed that the students in the groups had difficulties in the advanced levels of
arithmetic operation board games, even if they used this strategy. It has been
determined that they apply this strategy more easily in the kendoku game. For
example, students are expected to find the numbers that can be brought to the line
where the result is 41 by using the multiplication and addition operations together in
the arithmetic operation board games. The students obtained the number 41 by making
(8%5) +1 and (9%4) +5. The reason why this strategy is easier to use in the kendoku
game than the arithmetic operation board games may be that multiplication is found
in the kendoku game, and both addition and multiplication are found in the arithmetic
operation board games.

The game is the arithmetic operation board game, where different numbers are
used, the result of the operation is revealed, and what the numbers formed by these
numbers are. It was seen that Group 1, who finished the game quickly at the advanced
levels in the arithmetic operation board game, used the strategies of recognizing the
effect of operations on numbers, while the other groups had difficulty in finishing the
game at this level.
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The strategy of using the equivalent forms of numbers is used only in the
futoshiki game, which is based on the comparison of natural numbers in the first levels
and fractions in the advanced level of the game. The advantage of students using this
strategy is that they finish the game quickly. It is seen that most of the students have
difficulty when comparing fractions in the futoshiki game. In the futoshiki game, four
of the seven groups made equalization in the denominator which is the standard
algorithm, and three groups used the equivalent form of the numbers. When the
literature is examined, it is stated that students have difficulties when comparing
fractions and generally equate denominators (Dede & Sengiil, 2016; Iymen & Duatepe
Paksu, 2015; Kayhan Altay & Umay, 2013; Yang et al., 2009).

The strategy of using one half as a benchmark was used less than other games.
It has been observed that this strategy is used only in the futoshiki game. Students
who did not use the strategy of using one half as a benchmark tried to equalize the
denominator when comparing fractions. However, as the numbers grew, the
denominator equalization could not be done in a short time. It was observed that the
group using the strategy of using one half as a benchmark finished the game in a
shorter time. Students can be encouraged to use the strategy by choosing the numbers
that will reveal this strategy. The questions that the teacher poses to the students
during the game are also important. For example, while playing the game of futoshiki,
questions such as “How did you notice that it was bigger than half?”” can be asked to
the student to help reveal number sense strategies. The fact that the strategy of using
one half as a benchmark is not preferred by students is in line with the results of the
researches of Reys et al. (1999), Sengiil (2013), Takir (2016), Yang et al. (2009) and
Kayhan Altay and Umay (2013). As a matter of fact, in the studies of Yapar Sogiit
and Yazgan (2018), when they examined the strategies used by 7th grade students
when comparing fractions, it was emphasized that many students first equalized the
denominator and others used strategies such as close to 1, close to half, and drawing
shapes.

Speed and moves are important for the winner of the game in mind games. It is
seen that the game is concluded more quickly in games in which number sense
strategies are used. At the advanced levels of the games, the effectiveness of using the
number sense strategy in large numbers was determined. When the students used the
strategy of decomposing and composing numbers while finding the factors of the
number 96 in the kendoku game, they quickly ended the game and became the winner
of the game. Students who did not use strategy took longer to finish the game. In class
discussions, it has been observed that kendoku game encourages the use of number
sense compared to other games and arouses the desire to solve the problem in the
classroom environment.

One of the most important results of the research is that the students in Group 2
use number sense strategies in mind games, even though their number sense test
average score is low. This may indicate that mind games are an effective context in
the use of the number sense strategy. It is thought that the fact that the games consist
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of objectives in the field of learning numbers and operations also causes this result.
This situation is in line with the finding that Akkaya et al. (2022) analyzed the mind
games in terms of primary school mathematics lesson objectives, and found that 32
board games mostly matched with the objectives in the learning areas of numbers and
operations and geometry. In the literature, when routine problems in mathematics
lessons are compared with the use of mind games, it is emphasized that mind games
improve students' problem solving, communication and reasoning skills (Saygi &
Alkas Ulusoy, 2019; Tas & Yondemli, 2018; Yilmaz, 2019). In addition to the results
mentioned in the literature, it is thought that the fact that the mind games played in
the lessons are related to the mathematics lesson objectives in line with the results of
this research supports the students' use of number sense strategies. For example; it
was observed that five of the seven groups in the kendoku game and four of the seven
groups in the kakuro game finished the games using number sense strategies.

It is important for teachers to benefit from mind games in learning mathematical
concepts. Demirel and Yilmaz (2016) adapted mind games to the mathematics lesson
topics of 6th grade students in their study. In line with the opinions of the students and
teachers, the positive contributions of this adaptation such as the development of
mathematical thinking skills and the increase in academic success were mentioned.
However, it is thought that it is necessary for the teacher to know which mind game
to play and how to play and the details of the game. In addition, the numbers used in
mind games are also important. These numbers can be differentiated according to the
learning area and grade level in the mathematics curriculum. For example; it is thought
that using fractions in futoshiki game and asking the factors of large numbers in
kendoku game are important in revealing number sense strategies. This situation
coincides with the studies in the literature (Can, 2017). The fact that even the students
in Group 2, who had low number sense, benefited from number sense strategies,
confirms this result.

While there are studies in the literature about the views of teachers and students
about mind games, (Demirel & Yilmaz, 2016; Devecioglu & Karadag, 2014,
Sadikoglu, 2017; Yilmaz, 2019) no study has been found in which number sense
strategies are investigated in the context of mind games. The inclusion of only the
games from the reasoning and operation games unit and the selection of the games
created with the objectives in the field of learning numbers and operations constitute
the limitation of the research. In other studies, a larger study group can contribute to
the literature by examining the number senses and strategies of students in different
types of mind games. Based on the results of the research, it is recommended for
teachers to use number systems that will encourage the use of strategies such as close
to half and close to 1, which will keep students away from equating the denominator
in the comparison of fractions in the classroom in the context of mind games.
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Akl Yiiriitme ve islem Oyunlarinda 7. Simf Ogrencilerinin Kullandiklar1 Say
Duyusu Stratejileri

Say1 duyusu, sayilarla islemlerde pratik diigiinme, sayilar1 esnek bir bigimde
kullanma, sayilar arasindaki iligkileri gérebilme, etkili stratejileri kullanma ve duruma
uygun standart olmayan yollar1 belirleme olarak tanimlanmaktadir (Yang ve Huang,
2004). Say1 duyusuna sahip bir 6grenci 25 % 48 islemini uzun ¢arpma algoritmasini
kullanmak yerine 25 sayisin1 100/4 gibi diistinerek 6nce 48’1 4’e boliip, sonra 100 ile
kisa yoldan carpma islemini yaparak 1200 sonucunu bulur (Greeno, 1991). Sayi
duyusu yiiksek bir kisinin sayilari temsil etmenin yollarini fark edebildigini, sayilar
ve say1 sistemleri arasindaki iligkileri anladigini, mantikli tahminler yapabildigini,
hizli ve dogru bir sekilde ¢6zebildigini ve zihinden esnek bir sekilde hesaplama
yapabildigi s6éylenebilir. Gersten ve Chard (1999) say1 duyusunu, okumanin temeli
olarak goriilen fonolojik (ses bilimsel) farkindalik analojisinden (benzetiminden)
yararlanarak tanimlamaya caligmiglardir. Nasil ki fonolojik (ses bilimsel) farkindalik
akict okuma ve okudugunu anlamada gerekli ise say1 duyusu da matematik ig¢in ayni
oneme sahiptir. Bu analojiden yola ¢ikarak say1 duyusunu, bir cocugun sayilarla esnek
ve akict bir sekilde caligmasi, sayinin ne anlama geldigini hissetmesi ve zihinden
matematik yapma becerisi seklinde tanimlamiglardir.

Reys ve Yang (1998) dgrencilerin say1 ve islem ile ilgili duyularini, tahmin ve
hesaplamalardaki esnekligi ve isleme uygun yollar1 segme ve etkin stratejiler
gelistirmeyi say1 duyusu becerileri olarak belirtmislerdir. Markovits ve Sowder (1994)
say1 duyusunu; hesaplamalarda sayilari esnek kullanabilme, tahmin yapabilme, say1
biiyiikliiklerini ya da islemlerin sonuglarinin nedenlerini muhakeme edebilme, farkl
sayisal gosterimleri kullanabilme, sayilar, semboller ve islemler arasinda iligki kurma
becerisi olarak tanimlanmistir. Berch (2005) ise say1 duyusunu, sayilarin anlamlarina
ait duyu, farkindalik, sezgi, tanima, bilgi, beceri, yetenek, siireg, kavramsal yap1 ve
zihinsel etkinlikler bigiminde tanimlamigtir. Arastirmalarda sayir duyusunun
tanimlanmasinin yant sira, hangi 6zelliklerin (becerilerin) bu yapiya dahil edilmesi
gerektigine iliskin sorulara da cevap aranmistir. Bu amagla say1 duyusu bilegenleri,
sayt duyusunun temel Ozellikleri, gostergeleri ve bu yapilart dlgen gorevler
belirlenmistir. Ornegin, say1 duyusu bilesenleri Greeno (1991) tarafindan esnek
sayisal hesaplama, sayisal tahmin ve niceliksel muhakeme ve ¢ikarim olarak;
Mclntosh ve dig. (1992) tarafindan sayilarla ilgili bilgi ve yetenek, islemlerle ilgili
bilgi ve yetenek, sayilar ve iglemlerle ilgili bilgi ve yetenegi uygulayabilme olarak;
Markovits ve Sowder (1994) tarafindan sayilari zihinden hesaplarken esnek bir
sekilde kullanma, sayilarin biiyikligi ve islemlerin sonuglarinin uygunlugunu
yorumlama olarak; Reys ve Yang (1998) tarafindan sayilarin ¢oklu temsilleri, sayisal
biiytiikliikleri fark etme, referans noktasi segme, sayilari ayristirip-birlestirme, sayilar
tizerinde iglemlerin etkilerini fark etme, zihinsel hesap ve tahmindeki esneklik ve
uygunluk olarak tanimlanmigtir. Yapilan tanimlar ve bilesenler farkli olmasina karsin,
say1 duyusu olarak tanimlanan bilesenlerin 6l¢iilmesinde kullanilan gérevler benzerlik
gostermektedir.
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Ulusal Matematik Ogretmenler Konseyi’nde (National Council of Teachers of
Mathematics [NCTM]) belirtildigi {izere matematik dersinde sayilar ve islemler
o6grenme alaninda ortaokul 6grencilerinden; islemleri ve gesitli islemler arasindaki
iligkileri, sayilar arasindaki iligkilerle birlikte sayilarin farkli temsil etme bigimlerini
anlayabilmeleri, islem sonucuna yakin dogru tahminlerde bulunmalari ve
kendilerinden emin hesap yapmalari istenmektedir (NCTM, 2000). Tiirkiye’deki
ortaokul matematik dersi Ogretim programinda da sayir duyusu vurgusu
yapilmamasina karsin 6grencilerin sayilar ve islemler 6grenme alaninda toplama,
¢ikarma, carpma ve boélme islemlerinin sonuglarini tahmin edebilme, zihinden garpma
ve bdlme islemlerinde etkili stratejiyi kullanabilme, kesirlerle yapilan islemlerin
sonuglarini tahmin etme, toplama ve ¢ikarma iglemlerinde esnek stratejileri kullanma
gibi sayr duyusunun Onemli bilesenleri ile iligkili becerileri gelistirmeleri
beklenmektedir (Acar ve Peker, 2021; Karabey ve dig., 2019; MEB, 2018).

NCTM ve ortaokul matematik Ogretim programinda belirtildigi iizere
Ogrencilerin sayilar arasindaki iligkileri anlamlandirmalar1 ve esnek stratejileri
kullanabilmeleri say1r duyusunun gelisimi i¢in 6nemlidir. Alanyazindaki ¢aligmalar
incelendigi zaman 6grencilerin say1 duyularinin oldukga diisiik oldugu goriilmektedir
(Dede ve Sengiil, 2016; Filiz ve Morali, 2020; Kayhan Altay ve Umay 2011; Reys ve
Yang, 1998; Reys ve dig., 1999; Sengiil ve Giilbagci, 2012; Tsao, 2005; Yang ve
Huang, 2004; Yang, 2005; Yapici ve Kayhan Altay, 2017). Say1 duyusunun diisiik
olmasinin nedeni olarak alanyazinda grencilerin bilinen ¢6ziim yapilarini se¢gmeleri
ve algoritmalara dayali bir 6gretimin yapilmasi gibi nedenler belirtilmektedir (Filiz ve
Morali, 2020; Reys ve Yang, 1998; Reys ve dig., 1999; Sengiil ve Giilbagci, 2012;
Tsao, 2005; Yang ve Huang, 2004; Yang, 2005; Yapici ve Kayhan Altay, 2017).

Say1 duyusu stratejileri ile ilgili yapilan aragtirmalar incelendiginde genellikle
ortaokul Ogrencilerinin veya Ogretmen adaylarmin kural odakli stratejileri
kullandiklar1 saptanmistir (Can, 2017; Er ve Ding Artut, 2017; Filiz ve Morali, 2020;
Sengiil, 2013; Yang, 1995; Yang, 2005; Yang, 2007; Yang ve dig., 2009; Yenilmez
ve Yildiz, 2018). Omegin Yang ve dig. (2009) ¢alismalarinda siif 6gretmeni
adaylarinin matematik problemlerinde kullandiklart sayr duyusu stratejilerini
incelemiglerdir. Calismanin sonucunda referans noktasi kullanimi ve say1 biiytikligi
gibi say1 duyusu stratejilerini kullanan 6gretmen adaylarinin sayisinin oldukca az
oldugu, cogunlugun ise kural temelli yontemleri kullandiklari ortaya c¢ikmustir.
Sengiil’iin (2013) caligmasinda sinif 6gretmeni adaylarinin sayi duyusu testinde
cogunlukla kural odakl stratejileri kullandiklar1 goriilmektedir. Benzer sekilde Er ve
Ding Artut'un (2017) caligmalarinda da 8.sinif 0Ogrencilerinin say1 duyusu
problemlerini kural odakl: stratejilerle ¢ozdiikleri belirtilmistir. Yenilmez ve Yildiz’in
(2018) calismalarinda 7. sinif &grencilerindeki rasyonel sayilar konusunda sayi
duyusu stratejileri incelenmis ve aragtirmanin sonucunda kural temelli yontemlerin
kullanildig1 saptanmugtir. Ayrica arastirmada 6grencilerin say1 duyular1 bilesenler
temelinde incelenmis ve Ogrencilerin islemlerin sayilar iizerinde etkisi bileseninde
daha c¢ok basarili olduklar1 bulunmustur. Can’in (2017) calismasinda ilkokul
dordiincii sinif 6grencilerinin baglam igeren ve icermeyen problemlerde say1 duyusu
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kullanimlar1 incelenmis ve c¢ogunlugun kural odakli ¢o6ziimleri kullandigi
saptanmustir. Fakat baglam temelli problemlerin birka¢ sorusunda alternatif ¢oziim
yollar1 bulmalart istendiginde o6grencilerin say1r duyusu kullanimlarinin oldugu
belirtilmistir. Bu calismalarin sonuglari incelendiginde 6grencilerin farkli konular ve
baglamlarda say1 duyusu stratejilerinin degisebildigi goriilmektedir.

Alanyazin incelediginde zekd oyunlar1 baglaminda sayr duyusu stratejisi
kullanimi ve degisimine yonelik bir ¢alismaya rastlanilmamistir. Bu anlamda
ogrencilerin kullandiklari stratejilerin zeka oyunlar1 dersi baglaminda incelenmesinin
say1 duyusu stratejisi kullanim1 ve zeka oyunlari dersinin planlanmasi ve uygulanmasi
sirasinda  Ogretmenlere ipucu sunmasi agisindan alana katkida bulunacagi
diigiiniilmektedir.

Milli Egitim Bakanliginin zekd oyunlart dersine iliskin 6gretim programinin
(MEB, 2013) amaglar1 incelendiginde, 6grencilerin hafizalarini gelistirmeleri ve farkl
yapidaki problemlerin ¢éziimiinde alisilmisin disinda ¢éziim yollart gelistirmelerinin
beklendigi goriilmektedir. Ayrica 6grencilerin dogru ve hizli bir sekilde sonuca
ulasabilmeleri, analitik diisiinebilmeye sahip olmalari ve oyun oynadiklari sirada hem
bireysel hem de grup iginde ¢alisma becerisi gelistirmeleri istenmektedir. Programin
6zel amaglarina bakildiginda ise 6grencilerin akil yiiriitme, iletisim ve problem ¢dzme
becerilerini  gelistirebilmeleri istenmektedir. Akil yiirlitebilme becerilerinin
gelistirilmesine ait 6nemli noktalar bulunmaktadir. Bunlar sayilar araciligiyla islemsel
teknikler gelistirme, akla uygun fikirleri ortaya g¢ikarma, islemsel ve 6l¢meye ait
tahmin becerilerini olusturmadir (MEB, 2013). Bu beceriler ayni zamanda say1
duyusu gelisimi i¢in de dnemlidir. Zeka oyunlar1 dersi basamakli 6gretim programi
esas almarak islenmektedir. Ogrencilere basamakli dgretim programi ile kolay
sorulardan zor sorulara, yakindan uzaga, somut durumlardan soyut durumlara, bilinen
seylerden bilinmeyenlere, basitten karmasiga asamali iliski gosteren elverigli 6grenme
durumlart saglanmaktadir. Basamakli &gretim programi ii¢ diizey icermektedir.
Bunlardan baglangi¢ diizeyi, oyundaki temel ilkeleri kullanarak G&grenmeyi
amaglamaktadir. Orta diizeyde mantiksal ¢ikarimlar yapmayi, ileri diizeyde ise
yaratici diisiinebilme ve oyuna ait 6zgiin (orijinal) taktikler olusturmay1 igermektedir.
Zeka oyunlar alt1 farkli {initeyi icermektedir. Bu iinitelerde bulunan oyunlar zeka
sorulari, akil yiiriitme ve islem oyunlari, geometrik-mekanik oyunlar, hafiza oyunlari,
sozel oyunlar ve strateji oyunlaridir (MEB, 2013).

Demirel ve Yilmaz’in (2016) aragtirmalarinda Tiirkge ve matematik derslerinde
zeka oyunlarinin kullanilmasinin 6grencilerin problem ¢6zme becerilerini gelistirdigi
belirtilmistir. Ayrica yapilan ¢aligmalarda ortaokul 6gretmenleri ve 6gretmen adaylari
zekd oyunlarmin akil yiiritme, problem ¢ézme gibi becerilere ve sayi duyusuna
olumlu etkisi oldugunu diisinmektedirler (Alkas Ulusoy ve dig., 2017; Bottino ve
dig., 2013; Foster ve dig., 2011; Reiter ve dig., 2014). Bu arastirmada zeka
oyunlarmin ortaokul matematik Ogretmenlerinin dile getirdigi gibi sayr duyusu
stratejisi kullanimi i¢in olumlu bir etki yaratip yaratmadigi incelenmek istenmistir.
Say1 duyusunun matematik derslerini anlamli bir sekilde 6grenmeye etkisi birgok
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calismada vurgulanmistir (NCTM, 2000; Yang, 2003; Yang, 2005; Yang, 2007; Yang
ve dig., 2009). Zeka oyunlarinin 6grencilerin uzamsal yetenek, problem ¢ézme ve akil
yiirlitme gibi becerileri gelistirdigi vurgulanmaktadir (Alkas Ulusoy ve dig., 2017;
Bottino ve dig., 2013; Demirel ve Yilmaz, 2016; Demirkaya ve Masal, 2017; Kurbal,
2015; Sargin ve Tagdemir, 2020; Olkun, 2003; Zeybek ve Saygi, 2018). Zeka
oyunlarinin ve say1 duyusunun matematik dersine olumlu etkisi goz dniine alindiginda
say1 duyusu stratejilerini zekd oyunlari baglaminda incelemenin anlamli olacag
diisiiniilmektedir.

Bu amagla say1 duyusu stratejileri zeka oyunlar1 dersi baglaminda incelenmis ve
7. smif Ogrencilerinin akil yiiriitme ve islem oyunlarinda sayr duyusu temelli
stratejileri kullanimi nasildir? problemine yanit aranmustir.

Yontem

Bu baglik altinda aragtirmada kullanilan arastirma deseni, ¢alisma grubu, veri
toplama aract, baglam ve verilerin analizleri sunulmustur.

Arastirmanin Deseni

Yapilan arastirmada nitel aragtirma yontemlerinden biri olan durum ¢alismasi
modeli kullanilmigtir. Arastirmada durum c¢aligmasi desenlerinden tek bir analiz
birimi olan biitiinciil tek durum deseni kullanilmustir. Biitiinciil tek bir durum olarak
aragtirmada zeka oyunlari1 dersinde 7. sinif 6grencileri bulunmaktadir. Arastirmada
toplanan veriler genelleme yapmanin aksine degerlendirme yapmak i¢in kullanilmistir
(Fraenkel ve dig., 2012). Bu arastirmada arastirilacak olan durum akil yiiriitme ve
islem oyunlarinin oynatildig1 zeka oyunlari dersidir. Analiz birimi olarak 7. sinif
ogrencilerinin akil yliriitme ve islem oyunlari oynanirken kullandiklari say1 duyusu
stratejileridir. Arastirmada 7. smif &grencilerinin farkli akil yiiriitme ve islem
oyunlarinda sayi duyusu temelli stratejilerinin derinlemesine incelenmesi ve
aciklanmast amaclandigindan durum c¢alismasi deseninin kullanilmasma karar
verilmigtir.

Calisma Grubu

Amaglt Ornekleme yontemi ile belirlenen arastirmanin ¢alisma grubu,
Ankara’daki bir devlet ortaokulunda bulunan ve segmeli zeka oyunlari dersini almakta
olan 14 yedinci sinif 6grencisidir. Arastirma i¢in gerekli olan etik kurul ve uygulama
icin Milli Egitim Bakanligi izinleri alinmig ve goniillii katihim saglanmustir. 14 kisilik
smifa uygulama 6ncesinde Kayhan Altay ve Umay tarafindan 2013 yilinda gelistirilen
17 soruluk say1 duyusu 6l¢egi uygulanmustir. Testte alinacak en yiiksek puan 17°dir.
Testteki sorular1 say1 duyusu stratejilerini kullanarak ¢6zenlere 1, standart algoritma
ile ¢dzenlere ise 0 puan verilmistir. Ogrenciler say1 duyusu 6l¢egi sonunda farkli say1
duyusu performanslarinda toplam 7 grup olacak sekilde istedikleri kisilerle ikiger
kisilik gruplara ayrilmigtir. Bu sayede gruplar uygulamalar sirasinda rahatca
kendilerini ifade edip, oyunlar iizerinde ¢alisabilmislerdir. Gruplardaki 6grencilerin
gergek isimleri harflerle temsil edilmistir. Ornegin, Grup 1 (G1) Ogrenci M (OM) ve
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Ogrenci Y (OY); Grup 2 (G2) Ogrenci Z (O0Z) ve Ogrenci T (OT) seklinde
olugmaktadir.

Ogrencilerin aldiklar1 say1 duyusu testi ortalama puanlari su sekildedir: M ve Y
ogrencilerinden olusan G1 7 puan; Z ve T 6grencilerinden olugan G2 3.5 puan; P ve
R 6grencilerinden olusan G3 10 puan; S ve V &grencilerinden olusan G4 7.5 puan; J
ve S dgrencilerinden olusan G5 7.5 puan; I ve U dgrencilerinden olusan G6 7 puan;
ve U dgrencilerinden olusan G7 4 puan almustir. Ogrencilerin say1 duyusu testinden
aldiklar1 puanlara bakildiginda say1 duyularinin diisiik oldugu saptanmustir.

Veri Toplama Araclari

Bu arastirmada zeka oyunlari dersinde uygulamalar sirasinda yapilan ders
gozlemi, ses kayitlar1 ve 6grenci dokiimanlari veri toplama araci olarak kullanilmustir.
Ders gozlemi birinci arastirmact tarafindan katilimcilarin oyun oynarken say1 duyusu
stratejilerini belirlemek amaciyla yapilmistir. Ses kayitlar1 katilimcilarin oyun
sirasindaki ifadelerinden say1r duyusu stratejilerini saptamak amaciyla alinmustir.
Ogrenci dokiimanlar ise katilimcilarin say1 duyusu stratejilerini saptamada diger veri
kaynaklarimi dogrulamak amactyla toplanmustir.

AKkil Yiiriitme ve islem Oyunlarim Gelistirme ve Uygulama Siireci

Oyunlarin gelistirilmesinde zeka oyunlari dersi kitab1 (Ortaokul ve Imam Hatip
Ortaokulu Zeka Oyunlar1 5, 6, 7 ve 8. simiflar, 2016) ve zeka oyunlarinin dgretim
programindan (MEB, 2013) yararlanilmigtir. Oyunlarda kullanilan sayilar matematik
dersi dgretim programindaki kazanimlar dikkate alinarak diizenlenmistir. Kendoku,
islem karesi, kakuro ve futosiki oyunu i¢in materyaller arastirmacilar tarafindan
hazirlanmistir. Arastirmanin gegerligi i¢in kendoku, kakuro, islem karesi ve futosiki
oyunlarinda kullanilan sayilarin diizenlenmesinde zeka oyunlart ile ilgili egitimi olan
ve matematik egitiminde ¢aligmalar1 bulunan toplam dort alan uzmaninin gériiglerine
bagvurulmustur. Ayni zamanda 6grencilere ait ¢oziim kagitlari, aragtirmacinin yaptigi
gbzlem ve O6grenciler oyun oynarken kayit altina alinan videolar gibi veri toplama
araclar1 veri ¢esitlemesi i¢in kullanilmistir. Arastirmacilar tarafindan kendoku,
kakuro, islem karesi ve futosiki oyunlarinin se¢ilmesinin nedeni bu oyunlarda
matematiksel islem ve karsilastirmalar icermeleri ve sayr duyusu stratejilerinin
kullanim1 agisindan daha zengin bilgi sunmalaridir. Geometrik-mekanik igerikli
oyunlar, strateji iceren oyunlar ve sozel icerikli oyunlar yapisi geregi sayt duyusu
kullanimi agisindan uygun bulunmadigindan aragtirmaya dahil edilmemistir.
Arastirmada kullanilan her bir oyundan 7’ser oyun oynatilmigtir. Oyunlar; baslangic
diizeyinden 3, orta diizeyden 2 ve ileri diizeyden 2 oyun oynatilacak sekilde
diizenlenmistir. Oyunlarin igerigi ve oyunlarda kullanilan sayilar pilot caligma
sonucunda tekrar diizenlenmis ve uygulamanin iki kisilik gruplar olarak yapilmasina
karar verilmistir. Oyunlarin iki kisilik gruplar bi¢iminde oynatilmasinda amag, say1
duyusu stratejilerini ortaya ¢ikarmaktir.

Pilot ¢alisma sonrasinda zeka oyunlar: dersinde 6grencilere kakuro, kendoku,
futosiki ve iglem karesi gibi akil yiiriitme ve islem oyunlar1 oynatilmistir. Oyunun
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kuralina gore kendoku oyununda 6grencilerin 1, 2 ve 3 sayilarini satirda ve dikey
stitunda sadece bir kez uygulamalar1 ve islemden elde edilen sonuca goére rakamlari
uygun sekilde yerlestirmeleri istenmektedir. Bu oyunda orta diizeyde bir, iki, tic ve
dort sayilarini satir ve siitunda yalniz bir kez kullanmalar1 ve elde ettikleri sonuglar
ile sayilarin yerlesimini yapmalar1 beklenmektedir. Bu baglamda kendoku oyununa
baslangi¢ diizeyinden drnek bir oyun Sekil 1°de verilmistir.

Sekil 1

Kendoku Oyununa Baslangi¢ Diizeyinden Ornek Bir Oyun
3 2%
s+

Sekil 1°de verilen 2X yazilan etrafi siyah kalin ¢izgiyle verilen (kafeste) kisimda
“li¢ sayimnin ¢arpimimin sonucu 2 olduguna goére bu ii¢ say1 neler olabilir?” seklinde
diistiniilmesi, 8+ yazilan kisimda hangi dort sayinin toplaminin 8 olacaginin
diistiniilmesi istenmektedir. 3 gibi yaninda higbir matematiksel islem olmayan
rakamlarin ise bulundugu kafese o rakamin yazilmasi beklenmektedir.

Islem karesi oyunu 1°den 9’a kadar rakamlarin verilen bosluklara islem
sonucuna ve matematiksel islem Onceligine dikkat ederek yerlestirilmesi kuralini
icermektedir. Islem karesi oyununa baslangic diizeyinden 6rnek bir oyun Sekil 2°de
verilmistir.

Sekil 2
Islem Karesi Oyununa Baslangi¢ Diizeyinden Ornek Bir Oyun

= =|3

Sekil 2°de ilk satirda iki say1 birbirine boliinmiis ve sonug 3 ise bu iki sayimnin
neler oldugunun bulunmasi beklenmektedir. Bu iki say1 yazilirken siitundaki islemlere
de dikkat edilmesi gereklidir.
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Kakuro oyunu; bir hiicrede bulunan kdsegenin altindaki say1, o saymin altindaki
sirali karelerde bulunmakta olan sayilarin toplamini; kdsegenin sagindaki sayinin ise,
o saymin sagindaki ardisik karelerde bulunan sayilarin toplamimi verdigi, ardisik
karelere 1'den 9'a kadar olan sayilarin kullanildigi oyundur. Sekil 3’te kakuro oyununa
baslangi¢ diizeyinden drnek bir oyun gosterilmistir.

Sekil 3
Kakuro Oyununa Bagslangi¢ Diizeyinden Ornek Bir Oyun

4 ]

12

Sekil 3’te kdsegenin sol altindaki 4 yazili hiicrede, altindaki iki beyaz hiicrede
yazilan sayinin toplaminin 4 olmasi beklenmektedir.

Futosiki oyunu; 1, 2, 3 ve 4 rakamlarinin bir kez yazilmasi zorunlu olan ve
biyiiktiir (>) ve kiigiiktiir (<) simgelerinin yardimiyla sayilarin uygun yerlere
konuldugu oyundur. Sekil 4°te futosiki oyununa baslangi¢ diizeyinden 6rnek bir oyun
verilmigtir.

Sekil 4
Futosiki Oyununa Baglangi¢ Diizeyinden Ornek Bir Oyun
1 (|3
2
S~
3 |

Futosiki oyununun kolay diizeyinde 6grencilerden 1, 2, 3 ve 4 sayilarin siitun
ve satirinda yalniz bir kez kullanmalar1 ve rakamlarin biiyiikk ve kiiclik olma
durumlarini g6z Oniine alarak oyunu oynamalar1 istenmektedir.
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Akil yiiriitme islem oyunlar1 hazirlanirken c¢esitli sayr sistemlerinden
yararlanilmistir. Kendoku ve kakuro oyunlarmin tiim diizeylerinde dogal sayilar
kullanilmustir. Futosiki oyununun baslangi¢ ve orta diizeylerinde kural olarak bulunan
bir, iki, ii¢ ve dort sayilar1 yer almistir. Ileri diizeyinde ise kesirler kullanilmistir. Islem
karesi oyununda baslangi¢ diizeyinde dogal sayilar; orta ve ileri diizeylerde tam
sayilar ve dogal sayilardan yararlanilmistir.

Baglam

Kendoku, islem karesi, futosiki ve kakuro akil yiiriitme islem oyunlar1 7. sinif
dgrencilerine alt1 hafta boyunca uygulanmistir. Ogrenciler iki kisilik gruplar halinde
oyunu oynamistir. Oyunlarin her biri iki ders saatinde (80 dakikada) uygulanmustir.
[Ik derste dgrencilere oyunlar oynatilmadan once arastirmaci tarafindan oyunun
kurallart agiklanmistir. Oyunun baslangic diizeyi de ilk ders oynatilip, ikinci derste
ise ileri diizeyleri oynatilmigtir. Oyunun baslangi¢ diizeyinden oyunun ileri diizeyine
dek oynanan oyunlar ikiser kisiden olusan gruplarla oynatilacak bigimde
diizenlenmistir. Her oyun sonunda galip gelen grup oyunda kullandiklari stratejilerini
anlatmistir. Arastirmacilar zekd oyunlarinin gelistirilmesinde, smif ortaminda
uygulanmasinda, video kaydimin alinmasinda ve gozlem yapilmasinda sorumlu
kisilerdir. Uygulama, se¢gmeli zekd oyunlari dersinde gerceklestirilmistir. Sinifin
Ogretmeni se¢meli zeka oyunlar dersi dgretmeni olup, uygulama sirasinda sinifin
diizeninin saglanmasinda arastirmacilara yardimct olmustur.

Etik Kurul Karan

Bu arastirma Hacettepe Universitesi Etik Kurul’unun 19.03.2019 tarihli ve
51944218-300/00000511344 sayili karari ile uygun bulunmustur.

Verilerin Analizi

Nitel analiz yontemlerine gore video kayitlarinin yazili bigime getirilmesi
(transkriptleri), oOgrencilerin yazili dokiimanlart ve aragtirmacinin goézlemleri
toplanarak ¢o6ziimlenmistir. Video kayitlarinin yazili bigime getirilmesinde
(transkriptlerinde) destek amaciyla gbzlemden yararlanilmig; nitel analiz
yontemlerinden betimsel analiz teknigi uygulanmustir.

Ogrencilerin oynadiklar1 her oyun sirasinda kullandiklar stratejiler farklilik ve
benzerliklerine gore analiz edilmistir. Ogrencilerin video kaydi sirasindaki sozel
ifadeleri ve yazili dokiimanlar1 incelenmistir. Ogrencilerin kullandiklar1 say1 duyusu
stratejilerine ait ilgili kodlarin adlar1 alanyazinda bulunan isimlendirmelerden
yararlanilarak iki arastirmaci tarafindan birbirlerinden bagimsiz  olarak
degerlendirilmistir. Arastirmanin giivenirligini gergeklestirmek amaciyla, veriler iki
aragtirmaci tarafindan incelenerek kod ve temalar arasindaki uyumu belirlemek
amaciyla uzlagma yiizdesi [Goris Birligi / (Goriig Birligi + Goriis Ayrilign)] x 100
formiilii ile hesaplanmistir (Miles ve Huberman, 1994). Bu hesaplama sonucunda iki
degerlendirici arasi tutarlik %93 olarak saptanmis ve arastirma giivenilir kabul
edilmigtir.
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Ortaya ¢ikan kodlar; say1 es deger formlarini kullanabilme (McIntosh ve dig.,
1992), sayilarin ayrigtirtlip birlestirilmesi (Mclntosh ve dig., 1992), islemlerin
sayilardaki etkisini fark etme (Yang ve Tsai, 2010) ve yarima yakin olma stratejisidir.
Belirlenen say1 duyusu stratejileri aragtirmacilar tarafindan alanyazinda daha once
tanimlanan bilesenler altinda toplanmustir. Sayilarin ayristirilip birlestirilmesi,
islemlerin sayilardaki etkisinin farkinda olma ve say1 es deger formlarini kullanabilme
stratejisi hesaplamada esnek olma say1 duyusu bileseni altinda toplanmustir. Referans
noktast kullaniminin say1 duyusu bileseni ile tanimlanmakta olan strateji ise yarima
yakin olmadir. Sayilarin ayristirilip birlestirilmesi stratejisi sayilarin farkli gosterim
bi¢imlerini gesitli matematiksel islemlerde hesaplamay1 kolaylastirici sekilde segme
(Yang, 2005); islemlerin sayilardaki etkilerini fark edebilme, ¢esitli matematiksel
islemlerin hesaplamalarinda islemin ve herhangi bir saymin degeri degistiginde
sonucun degisiminin anlasilmasi (Reys ve Yang, 1998; Yang ve Tsai, 2010); say1 es
deger formlar1 kullanabilme stratejisi sayilarin farkli gosterildigi tiirlerin uygun olan
yerlerde kullanimi (Mclntosh ve dig., 1992) ve yarima yakin olma stratejisi ise 0l¢iit
olarak yarimin ele alinmastyla sayimin bilyiikliigiine karar verme (Mclntosh ve dig.,
1992) olarak tanimlanmustir.

Say1 duyusunda kullanilan stratejilerin kodlar1 alanyazinda bulunan say1 duyusu
bilesenlerinden yararlamilmas1 ile belirlenmistir. Ornegin, &grencilerin kendoku
oyunu sirasinda 36= 9x4 ve 36= 3x3x4 veya 96= 4x2x2x6 seklinde 96 ve 36’nin
carpanlarinin ne olacagini bulmaya ¢aligmalar1 veya kakuro oyununda 13= 2+6+5,
13=1+7+5 ve 13=34+6+4 olarak 13 sayisinin hangi sayilarin toplamindan olusacagini
diistinmeleri sayilarin ayristirilip birlestirilmesi stratejisi adi verilen kod altinda
belirtilmistir. Futosiki oyunu sirasinda 16/80 kesrinin 1/5 seklinde, 27/54 kesrinin 1/2
ve 21/84 kesrinin 1/4 seklinde sOylenmesi say1 es deger formlarini kullanabilme
stratejisi kodu ile belirtilmistir. Futosiki oyunu sirasinda 6grencilerin “27/54 Kkestri
21/84 kesrinden biiyiiktiir” gibi sdylemleri yarima yakin olma stratejisi seklinde tayin
edilmistir. Islem karesi oyunu sirasinda 1, 9 ve 4 sayilar1 kullamlarak hangi islemler
aracihigiyla -35 sayist olusur? sorusuna ogrencilerin 1-(9 x 4) =-35 seklinde cevap
vermeleri ve 13 = (9+1) + 4 ve 13 = (8+1) +5 seklinde 13 sayisini meydana getiren
sayilart bulmalari iglemlerin sayilardaki etkisini fark edebilme kodu altinda bir araya
getirilmistir.

Bulgular
Yedinci sinif O6grencilerinin  akil yiiriitme ve islem oyunlar1 sirasinda
kullandiklar1 say1 duyusu stratejileri her oyun igin ayr1 bagliklar altinda belirtilmistir.
Kendoku Oyununda Kullanilan Say1 Duyusu Stratejileri

Kendoku oyununda gruplar tarafindan kullanilan stratejiler Tablo 1’de ayrintili
olarak verilmistir.
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Tablo 1
Kendoku Oyununda Gruplarin Kullandigi Sayr Duyusu Stratejileri

Kendoku Oyunu Oyun Gruplar

Grup 1 Grup2 Grup3 Grup4 Grup5 Grup6 Grup7

%] Sayilarin
E ayristirtlip \ v \ \ v
n

birlestirilmesi

SDTS: Say1 Duyusu Temelli Stratejiler

Kendoku oyununda Grup 1, Grup 2, Grup 3, Grup 4 ve Grup 5’in sayilari
ayristirip birlestirme stratejisini kullandiklar1 gézlenmistir. Tablo 1’den de goriildiigii
tizere yedi gruptan besinin say1 duyusu stratejisi kullandiklar1 saptanmistir. Sekil 5’te
de Grup 2’nin oyun materyali verilmistir.

Sekil 5
Grup 2 ’nin Kendoku Oyun Materyali

Kendoku oyununun orta diizeyinde doért sayinin ¢arpim sonucunun 36 oldugu
haneye (36x) gelebilecek olan sayilar tahmin edilmektedir (Sekil 5). Grup 2’deki
6grenci Z “12 ile 3’ii garptigimizda 36 yapar. 4, 3, 3 ve 1’i kullanmak istiyorum”
bi¢iminde bir agiklama yaparak oncelikle 36 sayisini 12 ile 3’iin ¢arpimi sonra 4, 3, 3
ve 1 seklinde belirtmesi (36 = 12 x 3 ve 36 = 4 x 3 x 3 x 1) sayilarin ayristirilip
birlestirilme stratejisine 6rnek olarak gosterilebilir. Burada Grup 2’deki 6grencilerin
standart algoritmay1 kullanmadiklar1 zihinden tahmin ettikleri gozlem verileriyle de
ortiismektedir. Ogrenci Z pratik bir sekilde 36 sayisini 4, 3, 3 ve 1 olarak belirtmistir.
Grup 2’nin sayt duyusu testinden aldigi puan diisiik olmasina kargin kendoku
oyununun orta diizeyinde sayilar1 ayristirip birlestirme stratejisini kullandiklar:
gozlenmistir.

Kendoku oyununun ilk diizeylerinde bazi dgrencilerin yazili bir islem
yapmadiklari sadece sudoku mantiginda sayilar yerlestirdigi de goriilmiistiir. Oyunda
sayilar bitytidiik¢e bu iligkileri gérmek zorlagmaktadir. Ancak bazi gruplarin oyunun
orta ve ileri diizeylerinde sayilar bilyilidiik¢e say1 duyularini kullanarak oyunu daha
hizli ve dogru bir sekilde bitirdikleri gézlemlenmistir.



Alal Yiiriitme ve Islem Oyunlarinda 7. Sunif Ogrencilerinin Kullandiklar: Sayr Duyusu Stratejileri 751

Kakuro Oyununda Kullanilan Say1 Duyusu Stratejileri

Kakuro oyununda gruplar tarafindan kullanilan stratejiler Tablo 2’de ayrintilt
olarak verilmistir.

Tablo 2
Kakuro Oyununda Gruplarin Kullandigi Sayr Duyusu Stratejileri
Oyun Gruplar1
Kakuro Oyunu Grup Grup Grup  Grup  Grup  Grup  Grup
1 2 3 4 5 6 7

%] Sayilarn

E ayristirilip \ \ \ \

¥ birlestirilmesi

SDTS: Say1 Duyusu Temelli Stratejiler

Kakuro oyununda Grup 1, Grup 3, Grup 4 ve Grup 5’in sayilar1 ayristirip
birlestirme stratejisini kullandiklart gozlenmistir. Yedi gruptan dordiiniin say1 duyusu
stratejisi kullandiklar1 Tablo 2’de goriilmektedir. Diger gruplar deneme yanilma
yaparak sayilar1 yerlestirmeye calismuslardir, fakat say1 duyusu stratejisi kullanan
gruplar oyunun galibi olmuslardir. Sekil 6’da Grup 4’iin kakuro oyun materyali
goriilmektedir.

Sekil 6
Grup 4’iin Kakuro Oyun Materyali
O  adm :

Sekil 6’da sayilarin ayristirilip birlestirilmesi stratejisine drnek olarak verilen
Grup 4’teki 6grencilerin kakuro oyunu sirasindaki iletisimi soyledir:

08S:Direk 16 gozlemledim. Aaa 17°de bulunuyor tamamdir. 9 ve 7, 16 oldu. 9 ve
8,17 oldu. Ikisinin kesisimi 9 olacak zaten.

OV:20’ye bakiyorum. 7°yi denedim. 7, 9, 4 olur. 7, 8, 5 olur. Sayilar zaten farkli
olmali.
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Ogrencilerin “16 = 9+7 ve 17 = 9+8” ve “20 = 7+9+4 ve 20 = 7+8+5 olur.”
tarzinda iglemlerin sonuglarinin verilip sayilarin kolaylikla bulunabilmesi sayilari
ayristirip birlestirebildiklerini gostermektedir.

Islem Karesi Oyununda Kullanilan Say1 Duyusu Stratejileri

Islem karesi oyununda gruplar tarafindan kullanilan stratejiler Tablo 3’te
ayrintili olarak verilmistir.

Tablo 3
Islem Karesi Oyununda Gruplarin Kullandigi Sayr Duyusu Stratejileri
] Oyun Gruplar1
Islem karesi Oyunu Grup Grup Grup Grup Grup Grup  Grup
2 3 4 5 6 7
Sayilarin ayristirilip N
n birlestirilmesi
E Islemlerin
¥ sayilardaki etkilerini v
fark etme

SDTS: Say1 Duyusu Temelli Stratejiler

Islem karesi oyununun orta ve zor diizeylerinde sadece Grup 1’in sayilari
ayristirip birlestirme ve iglemlerin sayilardaki etkilerini fark etme stratejisi kullandig:
gozlenmistir. Diger oyun gruplart standart hesaplama algoritmasini kullanarak
baslangic diizeyini gegmislerdir. Fakat orta ve zor diizeylerdeki oyunlari bitirmede
zorlanmiglardir. Sekil 7°de Grup 1’in islem karesi oyun materyalleri verilmistir.

Sekil 7
Grup 1'in Islem Karesi Oyun Materyalleri

Grup 1'in orta diizeydeki islem karesi oyun Grup 'in zor diizeydeki ilem karesi oyun
materyali materyali

Sekil 7°ye gore Grup 1 orta diizeydeki islem karesi oyununda 6, 7 ve 4 sayilarini
kullanarak 38 sayisim elde etmistir. Grup 1°deki OM’nin “6 kere 7, 42 yapar. 42 — 4
= 38. (6X7) -4=38. Carp1 ve eksi simgeleri gelecektir” seklindeki ifadesi, ivedilikle
bosluklara carpma ve ¢ikarma islemlerinin gelecegini elde etmesi hesaplamada esnek
olma sayr duyusu bilesenine ait islemlerin sayilardaki etkisini fark edebilme
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stratejisine ornek olarak gosterilebilir. OM nin sayilarin biiyiikliigiine ve islemlere
dikkat ettigi gézlemlenmistir. Ayrica dgrenciler yazili dokiiman kullanmamuslardir.
Bu stratejide 6grencinin ilk olarak iglemin sonucuna bakmasi ve daha sonra hangi
sayilarin kendi aralarinda ¢arpilmasiyla bu sayiya daha ¢ok yaklasacagini belirtmesi,
islemlerin say1lardaki etkilerini fark edebilme olarak nitelendirilmistir. Ogrencilerden
islem karesi oyununun zor diizeyinde (Sekil 7) islemin sonucunun verilip bu sonuca
uygun sayilarin yerlestirmesi istenmektedir. Ogrenci M ve Ogrenci Y’nin oyundaki
konusmalar1 soyledir: OM: 9 kere 5, 45. 45 + 2 = 47 oluyor. Sonra 8 kere 5, 40 eder
7 eklersek, 47 olur. OM islemin sonucunun 47 oldugu kisma gelebilecek sayilart
bulmaya ¢alismaktadir. 47 sayisinin hangi sayilardan olustugunu belirmeye ¢aligirken
sOzel olarak agiklayarak “47 = (8x5)+7 ve 47 = (9x5)+2” gibi denemeler yapmuslardir.

Futosiki Oyununda Kullamlan Say1 Duyusu Stratejileri

Futosiki oyununda gruplar tarafindan kullanilan stratejiler Tablo 4’te ayrintili
olarak verilmistir.

Tablo 4
Futosiki Oyununda Gruplarin Kullandigi Sayr Duyusu Stratejileri
Oyun Gruplari
Futosiki Oyunu Grup Grup Grup Grup Grup Grup  Grup
1 2 3 4 5 6 7
Say1 es deger
0 formlarini kullanma v v v
[a)
75
Yarima yakin olma ol

SDTS: Say1 Duyusu Temelli Stratejiler

Futosiki oyununun orta ve zor diizeylerinde Grup 3, Grup 4 ve Grup 6’nin say1
es deger formlarini kullanma ve Grup 6’nin yarima yakin olma stratejisi kullandiklari
saptanmustir. Yedi gruptan ii¢ grubun say1 duyusu stratejisi kullandiklar: Tablo 4’ten
gozlenmektedir. Sekil 8’de Grup 6’nin futosiki oyun materyali goriilmektedir.

Sekil 8
Grup 6’min Futosiki Oyun Materyali
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[

Say1 esdeger formlarini kullanabilme stratejisi futosiki oyunu sirasinda ortaya
cikmistir. Oyunun ileriki diizeylerinde 21/84, 16/80, 22/66 ve 27/54 kesirlerinin
yerlestirilirken ilgili kisimda yatayda ve dikeyde sadece bir kez yazilmasi ve biiytiktiir
ve kiigiiktiir simgelerinin dnemsenmesi gerekmektedir. Ogrenci I ve Ogrenci U’dan
olusan Grup 6’nin futosiki oyununun zor diizeyi sirasindaki konusmalar: soyledir:

Ol Biiyiikliik ve kiiciikliik isaretlerine bakmadan buradaki kesirlere bakalim.
OU: Tabi.

OI: 21/84 kesri dortte bir demekti. 16/80 kesri beste bir demekti.

OU: 1/4 ve 1/5 demektir onlarda zaten.

Ogrenci I'min “21/84 kesri ‘dortte bir demektir’ 16/80 kesri ise ‘beste bir
demektir’” goriigleri say1 es deger formlarmi kullanabilme stratejisine Ornek
verilebilir. Burada Ogrenci 1 yazili dokiiman kullanmadan zihninde kesitleri
sadelestirip belirtmistir. Say1 es deger formlarini kullanma stratejisi sayilarin farkli
gosterimlerini etkili bir sekilde belirtmek olarak agiklanmaktadir. Diger oyun gruplari
orta ve zor diizeylerde ilk olarak payda esitleme yoluna gitmislerdir. Ornegin Grup 2
ayni oyunda 27/54 ve 22/66’nin paydalarini 54 ile 66’nin ¢arpiminda esitlemeye
calismis; “Hocam kesirler biiyiik, zorlandik” bigiminde agiklamalar yapmislardir.

Futosiki oyunu sirasinda ortaya c¢ikan bir diger strateji yarima yakin olma
stratejisidir. Grup 6’daki Ogrenci I futosiki oyunu sirasinda “22/66 kesrinin yarimdan
kiiciik oldugundan” gibi bir ifade kullanmus; iki kesri (22/66 ve 27/54) kolay bir
sekilde karsilastirmistir (Sekil 8). Ogrenci I'min futosiki oyunu sirasinda kesirleri
karsilagtirirken iki kesri kolayca karsilastirabilmesi referans noktasini kullanabilme
say1 duyusuna ait yarima yakin olma stratejisi i¢in 6rnek gosterilebilir.

Tartisma, Sonu¢ ve Oneriler

Yedinci smif Ogrencilerinin zekd oyunlar1 dersinde oynanan oyunlarda
kullandiklar1 say1 duyusu temelli stratejilerini incelemek amaciyla yapilan bu
arastirmada diger oyunlara kiyasla kendoku ve kakuro oyunlarinda birgok 6grenci
grubunun sayilarin ayristirilip birlestirilmesi ve islemlerin sayilardaki etkisini fark
etme gibi say1 duyusu temelli stratejileri kullandiklart saptanmigtir. 2018 y1l1 ortaokul
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matematik dersi 6gretim programinda sayr duyusu ve bilesenlerinin incelendigi
calismada en fazla kazanimin sayilarin anlanmu bilesenine ait oldugu saptanmistir
(Acar ve Peker, 2021). Tiirkiye’deki belirli yillara ait 6gretim programlarindaki say1
duyusu bilesenlerinin karsilagtirildigi diger bir aragtirmada ise en fazla kullanildig:
diisliniilen say1 duyusu bileseninin sayilar1 ayristirma ve yeniden birlestirme oldugu
bulunmustur (Karabey ve dig., 2019). Ogretim programinda sayilar1 ayrigtirma ve
yeniden birlestirme stratejisine yapilan bu vurgu, 6grencilerin bu stratejiyi daha fazla
kullanmalarina neden olmus olabilir. Ayrica bu stratejilerin kullaniminin ortaya
¢tkmasinda oyunlarin kurallarinin, oyunlarda kullanilan sayilarin yapisinin ve
ozelliklerinin etkili olabilecegi diisiiniilmektedir. Ornegin kakuro oyununda toplama
isleminin sonucunun verilip bosluklara hangi sayilarin geleceginin sorulmasi ve
kendoku oyununda ise ¢arpma isleminin sonucunun verilip bu sonucun hangi sayilarla
elde edilebileceginin sorulmasi sayilarin ayristirilip birlestirilmesi stratejisinin
kullanimina olanak saglamis olabilir.

Kakuro, islem karesi ve kendoku oyunlarinda islemlerin sayilardaki etkisini fark
edebilme stratejisinin kullanildig1 goriilmiistiir. Islemlerin sayilardaki etkisini fark
edebilme stratejisinin daha fazla kullanimi durumu Ding Artut ve Er’in (2022)
calismalarmin sonuglariyla drtiismektedir. Ozel yetenekli 5. simif dgrencileri ile
yiriittiikleri arastirmada Ogrencilerin en ¢ok islemlerin sayilardaki etkisini fark
edebilme ile ilgili soru maddelerinde say1 duyusu temelli stratejileri kullandiklarim
bulmuslardir. Kakuro, islem karesi ve kendoku oyunlarinda iglemlerin sayilardaki
etkisini fark edebilme stratejisinin kullanilmasinin nedeni problemin yapisinda
kullanilan sayilarin bu stratejinin kullanimina uygun goriilmesi olarak diisiiniilebilir.
Bu stratejinin kullaniminda oyunlar arasinda farkliliklar goriilmistiir. Gruplardaki
ogrencilerin islem karesi oyununun ileri diizeylerinde bu stratejiden yararlansalar bile
zorlandiklar: goriilmiistlir. Bu stratejiyi kendoku oyununda daha rahat uyguladiklari
saptanmistir. Ornegin dgrencilerden islem karesi oyununda carpma ve toplama
isleminin beraber kullanilmasi ile sonucun 41 oldugu satira getirilebilecek sayilari
bulmalar1 beklenmektedir. Ogrenciler (8x5) +1 ve (9x4) +5 seklinde yaparak 41
sayisini elde etmislerdir. Bu kullanilan stratejinin kendoku oyununda islem karesi
oyununa goére daha kolay kullanmalarinin nedeni kendoku oyununda g¢arpmanin,
islem karesinde ise hem toplama hem de ¢arpmanin bulunmasi olabilir.

Farkli sayilarin kullanildigi, isleme ait sonucun ortaya ¢iktigi ve bu sayilarin
olusturdugu sayilarin neler oldugunun bulundugu oyun islem karesi oyunudur. Islem
karesi oyunundaki ileri diizeylerde oyunu hizli bitiren Grup 1’in islemlerin sayilardaki
etkisini fark etme stratejilerini kullandigi, diger gruplarda ise bu diizeyde oyunu
bitirmekte zorlandiklar1 goriilmiistiir. Islem karesi oyununda islemin sonucunun
biiyiik bir say1 olmasi ve birbirinden farkli islemlerin kullanilmasinin bunun nedeni
oldugu tahmin edilmektedir.

Say1 es deger formlarin1 kullanma stratejisi, sadece ilk diizeylerinde dogal
sayilarin, zor diizeylerinde kesirlerin karsilastirmasima dayanan futosiki oyununda
kullanilmistir. Bu  stratejiyi  kullanan Ogrencilerin  stiinliigli, oyunu hizli
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bitirmeleridir. Futosiki oyununda kesirleri karsilastirirken Ogrencilerin ¢ogunun
zorlandig1 goriilmektedir. Futosiki oyununda yedi gruptan dordii standart algoritma
olan payda esitleme yapmus, ii¢ grup sayilarin es deger formunu kullanmistir.
Alanyazina bakildiginda 6grencilerin kesirleri karsilastirirken zorlandigindan ve
genel olarak payda esitledikleri belirtilmistir (Dede ve Sengiil, 2016; Iymen ve
Duatepe Paksu, 2015; Kayhan Altay ve Umay, 2013; Yang ve dig., 2009).

Yarima yakin olma stratejisi diger oyunlara gére daha az kullanilmigstir. Sadece
futosiki oyununda bu stratejinin kullanildig1 gézlemlenmistir. Yarima yakin olma
stratejisini kullanmayan 6grenciler kesirlerde karsilagtirma yaparken payda esitleme
yoluna gitmeye calismisglardir. Fakat sayilar biiylidiik¢e payda esitleme iglemi de kisa
stirede yapilamamistir. Yarima yakin olma stratejisini kullanan grubun oyunu daha
kisa siirede bitirdigi gézlemlenmistir. Bu stratejiyi agiga ¢ikaracak sayilar secilerek
stratejinin kullanimi konusunda 6grenciler cesaretlendirilebilir. Oyun oynatildigt
sirada dgretmenin dgrencilere yonelttigi sorular da ayrica dnem tasimaktadir. Ornegin
futosiki oyunu oynarken 6grenciye yoneltilen “Yarimdan biiylik olmasini nasil fark
ettin?” gibi sorularla say1 duyusu stratejilerinin ortaya ¢ikmasina yardimei olunabilir.
Yarima yakin olma stratejisinin grenciler tarafindan tercih edilmemesi Reys ve dig.
(1999), Sengiil (2013), Takir (2016), Yang ve dig. (2009) ve Kayhan Altay ve
Umay’in (2013) aragtirmalarinin sonucuyla paralellik gostermektedir. Nitekim Yapar
Sogiit ve Yazgan’in (2018) calismalarinda da 7. simf Ogrencilerinin kesirleri
karsilastirirken kullandiklar stratejileri incelediklerinde birgok 6grencinin ilk olarak
payda esitledigi digerlerinin ise 1’e¢ yakinlik, yarima yakinlik, sekil ¢izme gibi
stratejileri kullandiklart vurgulanmustir.

Zeka oyunlarinda hiz ve hamle, oyunun galibi a¢isindan 6nemlidir. Say1 duyusu
stratejilerinin kullanildig1 oyunlarda oyunun daha ¢abuk sonuglandigi goriillmektedir.
Oyunlarin daha ileriki diizeylerinde arastirmacilarin belirledigi biiyiik sayilarda say1
duyusu stratejisi kullaniminin etkililigi saptannustir. Ogrenciler kendoku oyunundaki
96 sayisinin carpanlarimt  bulurken sayilar1 ayristirip  birlestirme  stratejisi
kullandiklarinda g¢abuk bir sekilde oyunu sonlandirip oyunun galibi olmuslardir.
Strateji kullanmayan Ogrencilerin oyunu bitirmeleri daha uzun siirmistiir. Siuf
tartismalarinda kendoku oyununun diger oyunlara gore sayr duyusunun kullanimini
tesvik ettigi ve sinif ortaminda problemin ¢oziilme istegi uyandirdigi gézlenmistir.

Grup 2’de bulunan Sgrencilerin sayr duyusu testi puan ortalamalar1 diisiik
olmasina karsin zeka oyunlarinda say1 duyusu stratejilerini kullanmalar1 arastirmanin
en dnemli sonuglarindan biridir. Bu durum say1 duyusu stratejisinin kullaniminda zeka
oyunlariin etkin bir baglam oldugunu gosterebilir. Oyunlarin sayilar ve islemler
O0grenme alanindaki kazanimlardan olusmasinin da bu sonuca neden oldugu
diistiniilmektedir. Bu durum Akkaya ve dig. (2022) zeka oyunlar1 egitici egitiminde
kullanilan zekd oyunlarimin ilkdgretim (1.,2.,3. ve 4.sinif) matematik dersi
kazanimlar1 agisindan analizinin yapildig1 calismada da 32 kutu oyununun en ¢ok
sayilar ve islemler ile geometri 6grenme alanlarindaki kazanimlar ile eslestiginin
saptanmastyla uyusmaktadir. Alanyazinda matematik derslerinde rutin problemler ile
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zekd oyunlar1 kullanimi karsilagtirildiginda zekd oyunlarinin 6grencilerin problem
¢ozme, iletisim ve akil yiiriitme becerilerini gelistirdigi vurgulanmaktadir (Sayg1 ve
Alkas Ulusoy, 2019; Tas ve Yondemli, 2018; Yilmaz, 2019). Alanyazinda belirtilen
bu sonuglara ek olarak bu aragtirmanin sonuglar1 dogrultusunda derslerde oynatilan
zeka oyunlarinin matematik dersi kazanimlari ile baglantili olmasinin dgrencilerin
sayl duyusu stratejileri kullanmalarini destekledigi tahmin edilmektedir. Ornegin;
kendoku oyununda yedi gruptan besinin ve kakuro oyununda yedi gruptan dordiiniin
say1 duyusu stratejileri kullanarak oyunlar bitirdikleri gézlenmistir.

Matematik kavramlarinin &grenilmesinde &gretmenlerin zeka oyunlarindan
yararlanmalar1 6nemlidir. Demirel ve Yilmaz (2016) ¢alismalarinda zeka oyunlarim
6. simf dgrencilerinin matematik dersi konularma uyarlamislardir. Ogrencilerin ve
Ogretmenlerin goriisleri dogrultusunda da bu uyarlamanin matematiksel diisiinme
becerilerinin gelisimi ve akademik basarmin artis1 gibi olumlu katkilarindan séz
edilmistir. Fakat 6gretmenin derste hangi zekd oyununu nasil oynatacagini ve oyunun
ayrintilarini bilmesinin gerekli oldugu diigiiniilmektedir. Ayrica zeka oyunlarinda
kullanilan sayilar da 6nemlidir. Bu sayilar matematik 6gretim programindaki 6grenme
alan1 ve smif diizeyine gore farklilastirilabilir. Ornegin; futosiki oyununda kesirlerin
kullanilmasinin ve kendoku oyununda bilyiik sayilarin ¢arpanlarinin sorulmasinin
say1 duyusu stratejilerini agiga ¢ikarmada 6nemli oldugu diisiiniilmektedir. Bu durum
alanyazindaki arastirmalarla da ortlismektedir (Can, 2017). Say1 duyusu diisiik olan
Grup 2’deki &grencilerin bile say1 duyusu stratejilerinden yararlanmalari bu sonucu
dogrulamaktadir.

Alanyazinda &gretmen ve Ogrencilerin zekd oyunlart ile ilgili fikirlerinin
bulundugu arastirmalar varken (Demirel ve Yilmaz, 2016; Devecioglu ve Karadag,
2014; Sadikoglu, 2017; Yilmaz, 2019) say1 duyusu stratejilerinin zekd oyunlari
baglaminda aragtirildig1 ¢alismaya rastlanilmamigtir. Sadece akil yiiriitme ve islem
oyunlari iinitesinden olan oyunlarin dahil edilmesi ile sayilar ve islemler 6grenme
alanindaki kazanimlarla olusturulan oyunlarin segilmesi arastirmanin sinirliligini
olusturmaktadir. Diger ¢alismalarda daha genis bir ¢alisma grubu ile farkli zeka oyun
tiirlerinde dgrencilerin say1 duyularinin ve stratejilerinin incelenerek alan yazina katk1
saglanabilir. Arastirmanin sonuglarindan yola ¢ikarak ogretmenlere zekd oyunlar
baglaminda sinif igerisinde kesirlerin karsilastirllmasinda 6grencileri payda
esitlemeden uzaklagtiracak yarima yakinlik ve 1’e yakinlik gibi stratejilerin
kullanimina tesvik edecek say1 sistemlerinin uygulanmasi dnerilmektedir.
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