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Sekizinci Sinif Ogrencilerine Yonelik Sayi Duyusu Testinin Gelistirilmesi:
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Introduction

Numbers are among the most basic concepts of mathematics. Numbers play an important role in
reasoning, flexible thinking, making relationships logically, and problem-solving related to the daily
routine (Yang, 2019). The subject of numbers is also the basis of other learning areas of mathematics
such as measurement, geometry, algebra, and data analysis. Number sense, which is an important skill
for mathematics education, was first put forward in the National Council of Teachers of Mathematics
[NCTM] (1989). In later mathematics education reform studies and curricula (NCTM, 2000; Turkish
National of Minister Education [MEB], 2018), it is seen that numbers learning area and number sense
skill are given importance.

NCTM (1989) emphasized that children with the number sense can develop the ability to
comprehend the meanings of numbers, to establish multiple relationships between numbers, to
recognize the relative sizes of numbers, to understand the effect of operations on numbers, and to
determine the appropriate reference point for the measurement (p. 38). According to Hope (1989),
number sense is the ability to make logical predictions about the various uses of numbers, recognize
arithmetic errors, choose the most effective calculation method, and notice number patterns. Greeno
(1991) defined number sense as flexible thinking, estimation skill in calculation, and the ability to reason
with inference about numerical quantities. According to Reys et al. (1999), number sense means not
only understanding the meaning of numbers and operations, but also meaning numerical situations,
developing useful and effective strategies, and using numbers and operations with appropriate methods
to form mathematical judgments. Kalchman, Moss, and Case (2001) defined number sense as estimating
the given size, realizing the irrationality in the results, flexibility in mental calculation, and the ability to
establish relationships between different representations. Yang (2019) expresses number sense as the
ability to solve problems encountered in daily life by developing flexible and effective strategies.

Conceptual understanding of the numbers and arithmetic operations and the development of
number sense skills play an important role in mathematics learning (NCTM, 2000). The development of
students' number sense skills at an early age positively affects their mathematics learning in later years,
whereas the lack of number sense makes it difficult to learn mathematics (Jordan, Glutting & Ramineni,
2010). In many studies conducted at different education levels (e.g. Akkaya, 2016; Cansiz Aktas et al.,
2017; Cekirdekei, Sengil & Dogan, 2016; Jordan et al., 2010; Harg, 2010; Kayhan Altay, 2010; Mohamed
& Johnny, 2010; Tunali, 2018), it has been found that there is a positive and significant relationship
between number sense and mathematics achievement. Moreover, it has been determined that the
number sense is an important predictor of the student's mathematics achievement (e.g. Olkun, Mutlu &
Sari, 2017; Reys & Yang, 1998; Yang, Li, & Lin, 2008). Some studies in Turkey (e.g. Can, 2017; Cekirdekgi
et al., 2016; Er & Ding Artut, 2017; Harg, 2010; Tunal, 2018) have shown that students with high math
achievement are better in terms of number sense skills than students with low mathematics
achievement, however, they generally make rule-based solutions. This result indicates that students’
number sense skills are not sufficiently developed.

Reys (1994) states that number sense is a difficult concept to define because it is a complex process
involving numbers, operations, and the relationships between them. For this reason, there is no
common consensus about the number sense components in the literature. Indeed, it is seen that there
is various classification related to the number sense components in international studies (e.g. Greeno,
1991; Markovits & Sowder, 1994; McIntosh, Reys & Reys, 1992; Li & Yang, 2010; Reys et al., 1999; Yang,
1995; 2019; Yang, Li, & Li, 2008) and Turkey (e.g. Cekirdekci Sengiil & Dogan, 2017; lymen ikizoglu &
Duatepe Paksu, 2016; Kayhan Altay & Umay, 2013; Soyuk, 2018; Sengiil & Gulbagci, 2012).

Number Sense Components

In the literature, it is seen that different number sense components are defined depending on the
student's age, grade level, subject, and curriculum. The most comprehensive classification of the
number sense components was made by MclIntosch et al. (1992). McIntosch et al. (1992) defined three
main components (Knowledge of and facility with numbers, knowledge of facility with operations,
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applyingknowledge of and the facility with numbers and operations to computational settings) and sub-
components related to number sense skills. (a) The first main number sense component (Knowledge of
and facility with numbers) includes the sense of orderliness of numbers, multiple representations for
numbers, sense of the relative and absolute magnitude of numbers, and system of benchmarks. (b) The
second main number sense component (Knowledge of and facility with operations) includes
understanding the effects of operations, understanding mathematical properties, and understanding
the relationships between operations. (c) The third main number sense component (Applyingknowledge
of and the facility with numbers and operations to computational settings) includes the understanding of
the relationship between problem context and the necessary computation, awareness that multiple
strategies exist, inclination to utilize an efficient representation and/or methods, and inclination to
review data and results for sensibility.

Based on the components of the number sense proposed by Mcintosch et al. (1992), five number
sense components were created by Reys et al. (1999). These components are briefly as follows:

(a) Understanding of the meaning and size of numbers: This component requires recognizing the
relative size of numbers, being able to compare two given fractions, being able to sort them, and finding
the number between two numbers. For example; be able to recognize how many numbers between
1.52 and 1.53, to compare the fraction 2/5 and the fraction 1/2 in terms of magnitude.

(b) Understanding and use of equivalent representations of numbers: It refers to knowing the
equivalents and equivalent representations of numbers and being able to use them when necessary. For
example, being able to represent the fraction 2/5 with different representations such as 4 /10, 40 %, 0.4,
and realize which number multiplied by a number m will give the same result as dividing by 0.25

(c) Understanding the meaning and effect of operations: This component is related to the ability to
realize how the result will change when the value of a number or operation changes in computational
situations. That means realizing that multiplication does not always make numbers bigger and division
does not always make numbers smaller. For example, being able to predict whether the outcome of the
70 + 0.5 operations could be equal to 70 x 2, or whether the result of the 750 + 0.98 operations would
be greater or less than 750.

(d) Measurement benchmarks: This component includes identifying and using reference/benchmarks
that may be suitable for different situations. For example, the student can estimate the length of
another object by reference to his height or the length of an object; the ordering of fractions and
decimals by taking the fixed points 1, 1/2, 1/3, and 1/4 as reference points.

(e) Flexible computing and counting strategies for mental computation, written computation, and
calculator use: It requires being able to solve problems and predict the results without calculating using
paper and pen, and calculating mentally. For example, being able to mentally calculate the approximate
value of 6 x 98; “Ali is a 5th-grade student. Ali says he lives 30 000 days.” Being able to decide whether
Ali’s proposition is logical or not.

The classification of number sense developed by Yang (1995) consists of six components. These
components are briefly as follows: (a) Understanding the basic meaning of numbers (For example, this
component requires an understanding of the basic meaning of numbers, the base-ten system, the
concept of place-value, and number patterns. Just like a first-year primary school student can express
the number 48 as "4 dozen eggs" or "4 tens plus 8 ones”, (b) Being able to compose and decompose
numbers (For example, being able to realize that the result of 3 + 3 + 3 + 3 operation is the same as the 4
x 3 operation), (c) Recognizing the magnitude of numbers (For example,comparison two fraction, finding
the third number closer to the given number, being able to sort the given numbers) (d) Being able to use
benchmarks appropriately (For example, taking 1 as the closest value for 0.95 as reference; referencing
a known point such as %, %, and 1/5 for another given fraction), (e) Recognizing the relative effect of
operations on numbers (For example, knowing that multiplication does not always magnify the result, as
the result of 199 x 0.9 is less than 199), (f) Flexibility in applying numerical and operational knowledge to
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computational situations (For example, a school bus carries 45 students. How many buses would be
needed if 915 students were to be taken to the museum?)

Yang, Li, and Li (2008) developed a two-tier number sense test for third-grade primary school
students, consisting of multiple-choice questions and asking them to provide a reason for each question.
This test was composed of five number sense components as follow: (a) Understanding the meaning of
numbers and operations, (b) Recognizing relative number size, (c) Being able to compose and decompose
numbers, (d) Using multiple representations of numbers and operations, (e) Judging the reasonableness
of computational results. Yang (2019), in another study on fifth-grade primary school students in
Taiwan, developed a three-tier number sense test that composed five components. In this test, unlike
the previous study (Yang et al., 2008), there is a component of “Being able to recognize the relative
effect of operations on numbers" instead of the component of "Beingable to compose and decompose
numbers”.

Although there have been many studies on number sense in the international literature for about
thirty years, number sense skills have given importance in Turkey in recent years. Indeed, Birgin and
Peker (2021) analyzed the studies on number sense in Turkey between 2000-2018 years by thematic
content analysis. As a result of this study, it has been determined that studies on number sense in
Turkey have accelerated since 2010, scale development studies for number sense are limited, and the
number sense classification developed by Kayhan Altay and Umay (2013) is mostly used in the studies.
Kayhan Altay and Umay (2013) developed a number sense test consisting of 17 questions and three
components that require a written answer for 6th, 7th, and 8th-grade students. The number sense
components of the test are briefly as follows: Flexibility in the calculation (How do you solve shortly 0.25
x 16 operation? Explain how you do it.), conceptual thinking in fraction (Thinking of points on a given
number line, insert the fractions %, 2 % and. Explain how you place it) and using benchmark (reference
points) (How do you solve shortly 86424 x 500 operation? Explain how you think). iymen ikizoglu and
Duatepe Paksu (2016) developed a number sense test for 8th-grade students on exponential
expressions, which requires 13 written answers and includes five number sense components. The

number sense components in this test are "equivalent representation", "numerical estimation", "number
size", "effect of operation”, and "use of reference point”. On the other hand, Cekirdekei, Sengil, and
Dogan (2017) developed a number sense test consisting of 11 multiple-choice questions and three
components (knowing the equivalents of numbers and making quantitative inference, calculating the
effects of operations using reference point, and knowing the meaning of numbers and flexible thinking)
for fourth-grade primary school students. It can be said that the grade level, subject, and number sense

components on which number sense tests focus differ in Turkey.
Significance and Purpose of the Study

When the number sense classifications are examined in the literature, it is seen that a common
terminology cannot be formed for the number sense components, and different names are used for the
number sense components that express the same skill (e.g. Greeno, 1991; Markavits & Sowder, 1994;
Yang, 1995). Although some number sense components (such as the use of reference points, the effect
of operations, the meaning and size of numbers) are common in some studies (e.g.iymen ikizoglu &
Duatepe Paksu, 2016; Mclintosh et al., 1992; Reys et al., 1999; Yang, 1995; 2019; Yang et al., 2008), some
number sense components such as understanding the basic meaning of numbers (Li & Yang, 2010),
being able to compose and decompose numbers (Reys et al., 1999; Yang, 2019), judging the
reasonableness of computational results (lymen ikizoglu & Duatepe Paksu, 2016), multiple
representations of numbers (Kayhan Altay & Umay, 2013; Markovits & Sowder, 1994) are not included.
In addition, it can be stated that the components in the number sense scales differ depending on the
age group of the student and the subject content in the curriculum, and the priority regarding the
number sense components changes. When the primary and middle school mathematics curriculum in
Turkey (MEB, 2018) is examined, it is expected that the eighth-grade students will have number sense
skills related to natural numbers, integers, rational numbers, irrational numbers, and different
representations of numbers (decimal, exponent, percent, etc.). Some studies (e.g. Birgin & Peker, 2021;
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Cekirdekgi et al., 2017; lymen ikizoglu & Duatepe Paksu, 2016) show that tests and scales for number
sense skills are limited in Turkey. Moreover, it can be said that these number sense tests and scales are
not sufficient to determine the general number sense of eighth-grade students regarding integers,
rational, irrational numbers, and different representations of numbers (decimal, exponent, etc.) in terms
of their focus and grade level. Considering the changes in content, subjects, and gains in the
mathematics curriculum (MEB, 2018) updated after 2013, instrument tools are needed to determine the
general number sense skills of students after eight years of education. Therefore, this study aimed to
develop a test to determine the number sense performance of eighth-grade students. Unlike previous
number sense tests, this study includes students' number sense skills related to integers, rational and
irrational numbers, and different representations of numbers at the end of eight years of education, and
is based on the number sense components (Understanding the meaning of numbers, quantitative
reasoning and inference, equivalent representation of numbers, the effect of operations on numbers,
the use of reference points in a measurement, mental calculation, etc.) expressed in many number
sense scales. In this respect, it is thought that this study will contribute to future research in the field of
number sense.

Method
Study Group

Since the main purpose of this research was to develop a measurement tool, a convenience sampling
method was preferred. The convenience sampling method is expressed as the sampling selected from
individuals who are in the immediate vicinity, easy to reach, and willing to participate in the research
voluntarily. In studies aiming to develop a measurement tool, it is emphasized that sampling the range
of the measured feature is important and that participation should be voluntary (Erkus, 2012). In this
context, the necessary written institutional permissions were obtained from the Directorate of National
Education regarding the schools where the instruments would be applied. In addition, this research was
ethically approved by the Usak University Social and Human Sciences Scientific Research and Publication
Ethics Committee. Participants were informed about the research and informed consent was obtained
from the participants. This research was conducted on the basis of voluntary participation.The study
group of this research consisted of 405 eighth-grade students studying in different settlements of a
province (province center, district center, and rural) in the western region of Turkey. 180 students
participated in this research for item analysis and exploratory factor analysis, and 225 students
participated in confirmatory factor analysis. 48.4% of the participants (n = 196) are female and 51.6% of
them (n = 209) were male. 40.7% of the students (n = 165) were in the province center, 33.1% of them
(n =134) were in the district center and 26.2% of them (n = 106) were in the rural.

Development Process of Number Sense Test (NST)

The development process of the number sense test (NST) and the procedures performed in this
process are summarized in Table 1. In the process of developing the NST, it was reviewed primarily on
studies conducted in international (e.g. Facun & Nool, 2012; Greeno, 1991; McIntosh et al., 1992;
Purnomo, Kowiyah, Alyani & Assiti, 2014; Li & Yang, 2010; Reys et al., 1999; Singh, 2009; Yang, 1995;
2019; Yang & Lin, 2015) and Turkey (e.g. Gllbagci Dede, 2015; Harg, 2010; Kayhan Altay & Umay, 2013;
Soyuk, 2018; Sengiil & Giilbagci Dede, 2013) to determine the characteristics of number sense and its
components. The learning area of numbers and related acquisitions of the 2018 Mathematics
Curriculum (MEB, 2018) were reviewed for NST to be suitable for eighth-grade students. Considering the
achievements of the Turkish mathematics curriculum, it was decided to base the six number sense
components, which are widely used in number sense definitions and number sense scales in the
literature. These number sense components are (a) Understanding the meaning of numbers, (b)
Quantitative reasoning and inference, (c) Equivalent representation of numbers, (d) Effect of the
operations on numbers (e) Use of reference points in the measurement, and (f) Mental calculation.

In the process of creating the items of the NST, the questions used in the literature on number sense,
national and international exam questions (High school entrance exam [TEOG, SBS, LGS], TIMMS, etc.),
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mathematics textbooks, and resource books were used. Some of the items in the NST were taken from
relevant sources exactly, and some items were changed or redesigned by the researchers. In the process
of developing the items, it was based on the necessity of using number sense skills without using paper
and pencil and the time constraint. In addition, in the process of writing multiple-choice items, students'
errors and misconceptions expressed in the literature were taken into consideration. In this context, a
draft multiple-choice item pool was created for NST.

Table 1.

Number Sense Test Development Stages and Procedures

Test Development Stages Procedures

1. Determination of number sense e Literature review, examination of number sense scales and tests, and
components mathematics curriculum.

2. Creating of the item pool e The literature, number sense scales, mathematics curriculum, textbook,

and central exam questions (SBS, TEOG, LGS, TIMSS, etc.) were
reviewed. An item pool was created for the test.
3. Ensuring content and e QObtaining expert and teacher opinions regarding the suitability of draft
appearance validity items for language, student level, and number sense components.

e Making necessary corrections in the items in line with the comments
and suggestions.

e Pilot implementation on 24 students and taking student opinions for
the suitability of the draft items for the student

4. Application of the prepared e Application of the prepared draft test on a total of 405 eighth-grade
number sense test students
5. Performing item analysis e Calculating item difficulty index and item distinctiveness index and
removing unsuitable items.
6. Making structural validity e KMO and Bartlett’s test of sphericity
analysis e Conducting exploratory factor analysis

e Conducting confirmatory factor analysis
7. Calculating reliability and giving e Calculation of the Cronbach’s alpha internal consistency coefficient
the final version of the test e Giving the final version of the number sense test as a result of analysis

To ensure the content and appearance validity of the draft test, it was first reviewed by four experts
in mathematics education in terms of content, language and expression, student’s grade level, number
sense component, and the curriculum, and various revisions were made in the items in line with expert
opinions and suggestions. In addition, the opinions of four mathematics teachers who have a master's
degree in mathematics education were taken and some revisions were made on the items in line with
their suggestions. It was applied to 24 eighth-grade students to test the suitability of the draft NST for
the student’s level and the application time. Opinions of these students were taken to determine
whether some expressions and visuals were not understood in the test items. Students stated that some
questions were difficult, some were quite easy and the given time was sufficient. In line with the
students' opinions, a visual in the test was made more prominent. The revised draft NST consists of a
total of 47 multiple-choice questions for the six number sense components.

Number Sense Components and Properties of Number Sense Test

Some of the items in the NST are given as examples in Appendix-1. The distribution and properties of
the items in the NST according to the number sense components are briefly as follows:

a) Understanding the meaning of numbers (UN): This component refers to understanding number
size, comparing and ordering numbers, and understanding the relationship between numbers and their
place values (Mcintosh et al., 1997). The items M2, M4, M6, M8, M11, M22, M37, and M40 in NST were
prepared for understanding numbers and knowledge of numbers. For example, item M6 (Appendix-1) in
NST was written with inspiration from Singh (2009) and Purnomo et al. (2014). In this item, students are
expected to realize that there can be infinite decimal fractions between 1.52 and 1.53, considering these
numbers as 1.520 and 1.530 or 1.5200 and 1.5300.
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b) Quantitative reasoning and inference (QR): This component includes making a judgment and
inference about whether the numerical value obtained as a result of the calculation is reasonable. For
this component, the student needs to know what the numerical value obtained means and whether it is
logical or not (Kayhan Altay & Umay, 2013). The items M1, M7, M26, M28, M33, M39, and M44 in the
NST were prepared in the context of the quantitative reasoning and inference component. For example,
item M1 in this study was taken from the 2007 TIMMS. In this item, “One teacher for every 12 students
will attend the trips organized by the school. If 110 students are going on the trip, how many teachers
should attend at least? " When 110 students are divided into 12 for this question, 9 teachers are
required. However, a teacher is also required for the remaining two students. The student is expected to
notice this.

c¢) Equivalent representation of numbers (ER): The equivalent representation of numbers includes
many different forms of representation of numbers. This component entails finding the equivalence of
numbers, being able to reconstruct numbers by composing and decomposing, and transferring between
multiple representations of numbers (percentage, exponential, decimal, shaded region, and number line
representation, etc.) (McIntosh et al., 1997). The items M9, M12, M13, M15, M18, M21, M36, and M45
in NST were prepared in the context of the equivalent representation component of the numbers. For
example, item M12 was taken from the 2015 High School Entrance Exam (TEOG) in Turkey (Appendix-1).

In this item, the value of the 57*is assumed to be éand is expected to be converted to a decimal

fraction. Item M21 in the NST requires that the shaded region whose geometric shape is given be
expressed as a percentage.

d) Effect of the operations on numbers (EO):This number sense component includes recognizing the
effect and meaning of operations related to numbers. For example, dividing the number into equal sub-
groups or multiplying the number by a number less than 1 to obtain a smaller number than itself. The
items M10, M20, M23, M24, M34, M38, M43, M46 in the NST were prepared for recognizing the effect
of operations on numbers. For example, item M24 (Find the closest value without calculating the result
ofg X % =?) and item M38 (29 + 0.8 =?, 29 x 0.8 =?, 29 + 0.8 =?, and 29 - 0.8 =? Which one gives the
greatest result?) is a question that does not apply to the rule that multiplication increases the multiplied
number, while division makes the number smaller. A student who had advanced number sense skills is
expected to realize that when a number is multiplied by a decimal number smaller than 1, a smaller
number is obtained than the number itself.

e) Use of reference points in the measurement (UR): This number sense component is the ability to
use standard and non-standard units of measurement in a way that is compatible with daily life and
logically. This number sense component also requires the ability to make predictions using properties
such as mass, length, volume, time, and angle (Mclintosh et al., 1997). The items M14, M17, M19, M25,
M27, M30, M31, M32, and M41 in NST were prepared for the use of reference points in measurement.
For example, the M27 item in NST was taken from the study conducted by Giilbagci Dede (2015) and
Harg (2010). This item requires realizing that the sum of two fractions greater than half is greater than 1
by using the half reference point without applying the denominator equalization rule. In item M19
(Appendix-1), a student who has developed number sense skills is expected to find that the
circumference of the L shape is greater than the K shape by taking the AB line segment as a reference
point.

f) Mental calculation (MC): The mental calculation component involves estimates without using a
paper-pencil and a calculator and reaching the result by calculating mentally. The M3, M5, M16, M29,

M35, M44, M47 items in NST were prepared for the mental calculation component. For example, item

M3 was taken from the 2011 TIMMS (Which of the following is closest to the result of the %?).In

this item, the result is reached by rounding the decimal fraction 7.21 to 7, 3.86 decimal fraction to 4,
and 10.09 decimal fraction to 10. M16 item was written inspired by the 2010 Placement Exam for Higher
School (SBS). In this item, it is expected that the side length of a square garden with an area of 150 m? is

V150mand this value is estimated to be between 12 m and 13 m.
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Data Collection and Data Analysis

In this study, the participants were informed about the NST and its application form. Informed
consent was obtained from all participants and the data were gathered based on a purely voluntary
basis. Each item in the NST was presented to the students by using projection or smart board
technology, and they were asked to determine the most appropriate answer within 35-40 seconds by
using their number sense skills without calculating with paper and pencil. Each item has been completed
independently. Total scores for the NST were obtained by giving 1 point for the correct answer to each
item in the test and zero point for incorrect and blank answers. Before the data analysis, the suitability
of the assumptions for analysis, the evaluation of missing data, normality test, determination of
linearity, and extreme values (other than -3 and +3 values of standard deviation) were checked. Those
with more missing data regarding the test and the extreme data were excluded from the analysis. It was
determined that kurtosis (-0.596) and skewness (0.356) values of the test scores had values between +1
and -1 and showed a normal distribution.

The validity and reliability studies of the NST were carried out in two applications. The first
application was carried out with 180 students selected from the schools that constitute the study group
to determine the item difficulty index and item discrimination index for item analysis of the test. SPSS
statistics program and Excel program were used for item analysis. The item-total correlation, item
difficulty index, and item discrimination index value of each item were calculated based on the data
obtained. In determining the item distinctiveness index, the method of 27% lower group and 27% upper
group was used. As a result of item analysis, unsuitable items were eliminated. To determine the
conformity of the samples for the construct validity, firstly the Kaiser-Meyer-Olkin (KMQO) and Bartlett's
test of sphericity were calculated (Blylikoztirk, 2007). Afterward, exploratory factor analysis was
performed using Principal Components Analysis and Varimax orthogonal rotation technique. The sub-
dimensions of the NST were determined based on the factor analysis results. In addition, the Cronbach
Alpha internal consistency coefficient was calculated for the reliability of the overall test and sub-
factors.

In the second stage of the NST, confirmatory factor analysis was performed on 225 eighth-grade
students using the LISREL 8.8 program to determine the model fit of the number sense components,
which emerged as a result of the exploratory factor analysis within the scope of the construct validity
study, with the NST.

Findings
Findings Regarding Item Analysis

With item analysis, it is determined whether the items in the scale measure the feature they aim to
measure without mixing other features (Tavsancil, 2002). For item analysis, item-total correlation, item
difficulty index (p;), and item discrimination index (rjx) values were calculated. It is stated in the literature
that the item-total correlation value should be 0.20 and above (Kline, 1993).

The item difficulty index (pj) is the ratio of the number of students who answered the question
correctly to the number of all students. Item difficulty index takes values between 0 and 1. It is
categorized that items with an item difficulty index of less than 0.20 were “very difficult”, items
between 0.21-0.40 were “hard”, items between 0.41-0.60 were “moderately difficult”, items between
0.61-0.80 were "easy", and items greater than 0.80 were "very easy". It is stated that the items at
medium difficulty (0.50) increase the validity and reliability of the test (Turgut & Baykul, 2010).

Item discrimination index (rjx) is the power to distinguish whether the item has the feature it aims to
measure or not (Blyikoztiirk, 2007).This index ranges from -1 and +1. Iltems with an item discrimination
index lower than 0.20 and negative should be removed from the test and items between 0.20-0.29
should be corrected. Items with an item discrimination index of 0.30-0.39 have a good level of
discrimination, while items with an item discrimination index of 0.40 and above have a very good level
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of discrimination (Turgut & Baykul, 2010). In this study, the item difficulty index, item discrimination
index, and item-total correlation values of the NST are presented in Table 2.

When Table 2 was examined in terms of item-total correlation values, it was determined that two
items (M39, M43) had values between 0.132 and 0.174, three items (M40, M45, M46) had values
between 0.203 and 0.233, and other items had values between 0.304 and 0.471. For this reason, it has
been concluded that it would be appropriate to remove the NST for M39 and M43 items with item-total
correlation values lower than 0.20. When Table 2 was examined in terms of item discrimination index
criteria, it was decided to exclude five items in the NST (M39, M40, M43, M45, and M46) due to their
discrimination index being lower than 0.20. Among the remaining items, 13 items (M1, M2, M4, M11,
M12, M15, M17, M19, M21, M23, M26, M32, M38) were found to be “good” and the others were “very
good”.

Table 2.

Item Analysis Results for the Number Sense Test

Item r pj Fix Item r pj Fix No r pj Fix
M1 342" 0.28 0.40 M17 .329™ 0.43 0.36 M33 423" 0.45 0.46
M2 .364"" 0.44 0.35 M18 4207 0.54 0.73 M34 428" 0.40 0.51
M3 381" 0.42 0.55 M19 323" 0.25 0.35 M35 .357"" 0.46 0.55
M4 .403™ 0.31 0.34 M20 .388™ 0.55 0.65 M36 .370™" 0.40 0.45
M5 .318™ 0.59 0.55 M21 4417 0.30 0.33 M37 .358"" 0.59 0.53
M6 458" 0.33 0.48 M22 423" 0.48 0.69 M38 .395"" 0.18 0.36
M7 381" 0.51 0.47 M23 .388™ 0.28 0.30 M39 132 0.72 0.10
M8 367" 0.28 0.47 M24 412" 0.57 0.43 M40 .224™ 0.56 0.17
M9 433" 0.43 0.61 M25 .325™ 0.69 0.54 M41 331" 0.45 0.40

M10 4717 0.35 0.52 M26 .339" 0.32 0.33 M42 .356"" 0.41 0.50
M11 .362"" 0.21 0.31 M27 394" 0.37 0.53 M43 1747 0.81 0.13
M12 435" 0.27 0.34 M28 .419* 0.47 0.51 M44 324" 0.26 0.33
M13 .308™ 0.60 0.58 M29 375" 0.49 0.41 M45 .203*" 0.84 0.21
M14 375" 0.36 0.43 M30  .338" 0.62 0.55 M46 .233" 0.30 0.14
M15 419" 0.63 0.37 M31 361" 0.68 0.59 M47 .304" 0.37 0.33
M16 .324"" 0.60 0.53 M32 423" 0.40 0.40

r: ltem-total correlation, p;: Item difficulty index, rj: ltem discrimination index
*p< .05, *p< .01

When Table 2 is examined in terms of item difficulty index, it is determined that four items are
"easy" (M15, M25, M30, M31), 16 items are "difficult" (M1, M4, M6, M8, M10, M11, M12, M14, M19,
M21, M23, M26, M27, M38, M44, M47), the remaining 22 items are "moderate" difficulty. In the light of
all these findings, it can be said that the item discrimination index of the NST is higher than 0.30, and
there are difficult, easy, and moderate items in the test in terms of item difficulty indices. As a result of
item analysis, NST consisting of 38 items was obtained.

Findings Regarding Factor Analysis

Factor analysis is a statistical technique that aims to explain the measurement of the same structure
or variables that measure the same quality together with a small number of factors (Blyukoztiirk, 2007).
For this reason, firstly the exploratory factor analysis was performed to obtain information about the
nature of the factors measured by NST and to reveal the factor structure. The first step in factor analysis
was to test the suitability of the samples for factor analysis and to determine whether the data are
derived from the multivariate normal distribution. For this reason, Kaiser-Meyer-Olkin (KMO) and
Bartlett's test of sphericity were conducted. If the Kaiser-Meyer-Olkin (KMO) value is higher than 0.60
and Bartlett's test of sphericity is significant, it means that the data are suitable for factor analysis
(Buyukoztirk, 2007). In this study, the KMO value for NST was 0.675, and the chi-square value for
Bartlett’s test was 2109.922 (p< .001). These values are accepted as an indicator that factor analysis can
be performed for the NST.
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a) Exploratory Factor Analysis:The exploratory factor analysis of the scale was conducted using
principal component analysis and varimax orthogonal rotation method. In the factor analysis process,
the criteria were that the factor loading of the items was at least 0.40 and when the items were grouped
under two separate factors, the difference between the factor loads was at least 0.10. The first results of
the exploratory factor analysis showed that the NST was collected under 10 factors with an eigenvalue
above 1.00 and could explain 58.66% of the total variance. However, it was observed that the items
collected under sub-factors except for six sub-factors with an eigenvalue higher than 1.5 were very few
in number or their loads under different components were close to each other. For this reason, in the
process of developing the NST, factor analysis was limited to six sub-factors by considering six number
sense components. As a result of the varimax orthogonal rotation method, it was determined that four
items (M41, M42, M44, and M47) in the NST had high values in more than one factor and the difference
between factor load values was less than 0.10. Therefore, it was decided to exclude these four items
from the test, respectively, and the factor analysis was repeated for six sub-factors over the remaining
38 items. As a result of repeated factor analysis, it was determined that the factor load values collected
under six sub-factors with an eigenvalue greater than 1.5 had values between 0.44 and 0.78 and could
explain 48.5% of the total variance. The variance explained by the factor loading values of the sub-
dimensions of NST resulting from varimax orthogonal rotation is presented in Table 3.

Table 3.
Exploratory Factor Analysis and Orthogonal Rotation Results
Item Common Factor Var. Factor 1 Factor 2 Factor3  Factor 4 Factor 5 Factor 6
M25 0.628 781
M31 0.598 .767
M27 0.558 .739
M30 0.524 .715
M17 0.458 .609
M14 0.428 .602
M32 0.335 498
M19 0.324 497
M6 0.620 .760
M4 0.521 .698
M8 0.515 .663
M11 0.417 .646
M37 0.353 .556
M2 0.348 .518
M22 0.334 440
M18 0.533 .720
M21 0.488 .647
M36 0.468 .610
M15 0.370 .593
M9 0.384 .538
M12 0.469 .529 .365
M13 0.342 .525
M38 0.550 722
M23 0.516 .710
M34 0.452 .621
M20 0.349 .546
M10 0.459 .395 .536
M24 0.341 513
M29 0.517 .676
M3 0.483 .643
M16 0.436 .640
M5 0.412 .618
M35 0.353 499
M26 0.503 .701
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M1 0.393 .610
M28 0.439 .580
M33 0.374 .566
M7 0.399 513
Eigenvalue: 5.703 4.305 2.921 2.222 1.720 1.560
Explained Variance: 15.01% 11.33% 7.69% 5.85% 4.53% 4.11%

Cronbach alpha: .81 .79 .76 73 .72 .75

As a result of the principal component analysis, it was determined that the common factor variances
of the items varied between 0.324-0.628, and the total variance explained by each factor after rotation
was 15.01%, 11.33%, 7.69%, 5.85%, 4.53%, and 4.11%, respectively. When Table 3 is examined in terms
of factor load values after factor rotation, it is determined that the first factor is between 0.497-0.781;
the second factor is between 0.440-0.760; the third factor is between 0.525-0.720; the fourth factor is
between 0.513-0.722; the fifth factor is between 0.499-0.676, and the sixth factor is between 0.513-
0.701.

The sub-factors that emerged as a result of the exploratory factor analysis were named by
considering the properties measured by the items and number sense components. Accordingly, the first
sub-factor with eight items (M14, M17, M19, M25, M27, M30, M31, M32) was named as "Use of
reference points in the measurement (UR)", the second sub-factor with seven items (M2, M4, M6, M8,
M11, M22, M37) was named as "Understanding of the meaning of numbers (UN)", the third sub-factor
with seven items (M9, M12, M13, M15, M18, M21, M36) was named as "Equivalent representation of
numbers (ER)", the fourth sub-factor with six items (M10, M20, M23, M24, M34, M38) was named as
"Effect of the operations on numbers (EO), the fifth sub-factor with five items (M3, M5, M16, M29, M35)
was named as "Mental calculation (MC)", and the sixth sub-factor with five items (M1, M7, M26, M28,
M33) was named as "Quantitative reasoning and inference (QR)".

The correlation coefficients between the NST and the sub-factors were calculated (Table 4). As seen
in Table 4, it was determined that there was a moderately positive significant relationship (p< .01). In
addition, a positive and significant relationship was found between the sub-factors of the NST (p< .05).

Table 4.

Correlation Coefficients Between NST and Sub-factors

Variable NST QR UN MC ER UR EO
Number sense test (NST) 1 .516™" .587"" .559"" .686"" .581" .540™
Quantitative reasoning and inference (QR) 1 204" .194™ 274" 155" 103
Understanding the meaning of numbers (UN) 1 296" 264" 144" 097
Mental calculation (MC) 1 292" 134" 196
Equivalent representation of numbers (ER) 1 212" 286"
Use of reference points in the measurement (UR) 1 212"
Effect of the operations on numbers (EQO) 1

* p< .05, ** p< .01

b) Confirmatory Factor Analysis: Another way to test the construct validity of the scale is to perform
the confirmatory factor analysis (Buyukoztlrk, 2007). In the exploratory factor analysis, the process of
finding factors is carried out based on the relationships between variables. In the confirmatory factor
analysis, on the other hand, a hypothesis or theory determined before about the relationship between
variables is tested (Cokluk et al., 2012; Simer, 2000). In this study, to test whether the NST, which
consists of 38 items and six sub-factors, developed with exploratory factor analysis, was applied on 225
eighth-grade students, and a first-order confirmatory factor analysis was performed using the LISREL 8.8
program (Figure 1).

Among the fit indices used to determine whether a model is accepting or not, there are chi-square
(x?), RMSEA (Root Mean Square Error of Approximation), GFl (Goodness of Fit Index), AGFI (Adjusted
Goodness of Fit Index), CFl (Comparative Fit Index) and NNFI (Non-Normed Fit Index), S-RMR
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(Standardized Root Mean Square Residual) (Cokluk et al., 2012; Siimer, 2000). Chi-square/degrees of
freedom (x?/df) ratio is less than 3 is a good value, but less than 5 is acceptable. If the RMSEA is less
than 0.08, the GFI value greater than 0.90, the AGFI value greater than 0.80, the CFI value greater than
0.90, and the NNFI value greater than 0.90, the S-RMR less than 0.08, the model shows that it has a
good fit (Cokluk et al., 2012; Kline, 2005). In this study, the fit index values of the first level confirmatory
factor analysis of the NST are given in Table 5.
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Chi-Square=463.41, df=649, P-value=1.00000, RMSEA=0.000

Figure 1. First-Order Confirmatory Factor Analysis for the NST (Standardized Values)
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Table 5.

First-order Confirmatory Factor Analysis Results and Fit Indices for the NST

Fit Indices Acceptable Value Model Value
x?%/sd <3.00 2.71
RMSEA <0.08 0.00

GFI >0.90 0.90
AGFI >0.80 0.89

CFI >0.90 1.00
NNFI >0.90 1.16
S-RMR <0.08 0.05

As seen in Table 5, the fit index values obtained from the first-order confirmatory factor analysis
were calculated as y2= 463.41, df = 649, y2/df = 2.71, p < .001, RMSEA = 0.00, GFI = 0.90, AGF| = 0.89,
CFl = 1.00, NNFI = 1.16, S-RMR = 0.05 463.41 respectively, and these values were found to be at an
acceptable level.

A second-order confirmatory factor analysis was conducted to reveal the structural relationship of
the sub-dimensions that emerged as a result of the exploratory factor analysis with NST. As a result of
the second-order confirmatory factor analysis (Table 6), it was determined that the fit index values were
calculated as y2= 472.08, df = 658,xy%/df= 2.72, p < .001, RMSEA = 0.00, GFI = 0.90, AGFI = 0.89, CFI =
1.00, NNFI = 1.16, S-RMR = 0.051, respectively, and these values were at an acceptable level.

Table 6.

Results Regarding the Second-Order Confirmatory Factor Analysis of the NST

Sec.ond-order First-order variables Standardized t-value

variable value
Quantitative reasoning and inference (QR) 0.57 3.29

NST Understanding the meaning of numbers (UN) 0.56 3.62
Mental calculation (MC) 0.63 3.74
Equivalent representation of numbers (ER) 0.78 5.82
Use of reference points in the measurement (UR) 0.41 3.34
Effect of the operations on numbers (EO) 0.42 4.00

The standardized values for the sub-factors, which are the first-order variables, were determined to
be 0.57 (QR), 0.56 (NK), 0.63 (MC), 0.78 (ER), 0.41 (RU) and 0.42 (EO), respectively. According to Kline
(2005), the fact that these values are higher than 0.30 showed that the sub-factors are related to the
test. The t-test was conducted to determine whether the standardized analysis values of each item
related to the confirmatory factor analysis of the test were significant. Results of the t-test were 3.29
(QR), 3.62 (NK), 3.74 (MC), 5.82 (ER), 3.34 (RU) and 4.00 (EO), respectively, and it was found to be
significant (p< .01). These results showed that there was a positive and significant relationship between
the number sense test and its sub-factors.

Reliability: The reliability of a test is the level of the test free from accidental errors and the
consistency of test items with the whole test. The reliability coefficient is expected to be above 0.70 in
scales related to affective characteristics. In tests measuring cognitive skills, it is interpreted as reliability
is not good for values below 0.60 (Blyukoztirk, 2007). For the reliability of the NST developed in this
study, the Cronbach alpha internal consistency coefficient was found to be 0.82 for the whole test.
Cronbach’s alpha for sub-factors are 0.77 (NK), 0.72 (QR), 0.72 (ER), 0.76 (EO), 0.75 (MC), and 0.79 (RU),
respectively. In this respect, the NST is considered to be reliable.

Discussion, Results, and Suggestions

This study aimed to develop an instrument to determine the number sense skills of eighth-grade
students. To develop the number sense test (NST), firstly the literature and scales related to number
sense were reviewed and six different number sense components were based in line with the gains of
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the mathematics curriculum. To ensure the content validity and compatibility with the number sense
components, opinions of four mathematics education experts and four mathematics teachers were
taken. The draft NST consisting of a total of 47 multiple-choice items was developed by making
corrections in line with their opinions. A pilot application was carried out on 24 students to test the
suitability, appearance validity, and usage of NST for students. Some items were edited and revised in
line with student views. For the validity and reliability of the final version of NST, item analysis and
exploratory factor analysis were performed on 180 students, confirmatory factor analysis was
performed on 225 students to test the construct validity.

Item-total correlation, item difficulty index, and item discrimination index were calculated for item
analysis of the NST. It was decided to exclude 5 items with item-total correlation and item discrimination
index below 0.20. It was determined that the remaining 42 items were between 0.30 and 0.47 in terms
of item-total correlations, and were between 0.30 and 0.79 in terms of item discrimination index, and
were between 0.18 and 0.69 in terms of item difficulty index, and the test consisted of items with
difficult, medium and easy levels. These results showed that the item-total correlation, item difficulty
index, and item discrimination index of the items in the NST were at acceptable levels (Blyukoztirk,
2007; Turgut & Baykul, 2010), and the items were interpreted as distinctive in measuring number sense
skills.

For the construct validity of NST, exploratory factor analysis was performed using principal
component analysis and varimax vertical rotation. As a result of the analysis, it was decided to exclude
four items collected under more than one factor and lower than 0.10 among factor load values from the
NST, and it was determined that the remaining 38 items could explain 48.5% of the total variance under
6 factors with eigenvalues greater than 1.5. The factor loads of the items took values between 0.44 and
0.78. It is stated that total variance ratios varying between 40% and 60% are considered sufficient in
multi-factor scale structures in social sciences, and factor loads of 0.32 and above can generally be used
(Cokluk et al., 2012; Tabachnick & Fidell, 2007).These results indicated that the sub-factors of NST and
their items were acceptable in explaining the number sense components. As a result of the exploratory
factor analysis, considering the characteristics of the items and the number sense components, the sub-
factors were named as “Understanding the meaning of numbers”, “Equivalent representation of
numbers”, “Effect of the operations in numbers”, “Use of reference points in the measurement”,
“Mental calculation” and “Quantitative reasoning and inference”. In the literature, there is not a single
theoretical framework for the number sense, the components of the number sense are defined and
named in different ways. It is noteworthy that although some number sense components are similar in
many studies (e.g. Facun & Nool, 2012; Greeno, 1991; Giilbagci Dede, 2015; Kayhan Altay & Umay,
2013; Mclntosh et al., 1992; Reys et al., 1999; Singh, 2009; Sengiil & Giilbagci Dede, 2013; Yang & Lin,
2015), there are different number sense components. It can be stated that this situation stems from the
fact that the number sense scales differ according to age, grade level, curriculum acquisitions, and the
subject of number sense (fractions, percentages, exponential numbers, natural numbers, rational
numbers, etc.).

In the literature, it is stated that the sub-factors of the scale should not show a high level of
relationship with each other, and the sub-factors that have a low relationship with the whole scale
should be removed from the scale (Tavsancil, 2002). In this study, it was determined that the correlation
values of the sub-factor related to NST varied between 0.10 and 0.30, the correlation values between
the sub-factors and NST were between 0.51 and 0.68, and there was a moderately significant positive
relationship (p< .01). These results showed that the sub-factors were components of the NST and
diverged from each other.

Another way to test the construct validity of scales is to perform confirmatory factor analysis (Cokluk
et al., 2012; Tabachnick & Fidell, 2007). As a result of the confirmatory factor analysis performed using
the LISREL program, it was determined that the standardized analysis values for each item were
between 0.30 - 0.96, and the t-values calculated for these values varied between 3.35 and 7.95 and
were significant. It was determined that the fit index values obtained as a result of confirmatory factor
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analysis for NST (y2/df = 2.71, p < .001, RMSEA = 0.00, GFI = 0.90, AGFI = 0.89, CFI = 1.00, NNFI = 1.16,
S-RMR = 0.05) were at acceptable levels (Cokluk, et al., 2012; Kline, 2005; Stiimer, 2000; Tabachnick &
Fidell, 2007). In addition, as a result of the second-level confirmatory factor analysis performed for the
sub-factor, the fit indexes of the model were found to be acceptable. These results showed that the
factor structure of six number sense components related to NST was confirmed.

In this study, the Cronbach Alpha internal consistency coefficient for the NST was calculated as 0.82,
and it was also determined that the internal consistency coefficients of the sub-factors ranged between
0.72 and 0.79. In the literature, a reliability coefficient calculated for achievement tests measuring
cognitive skills of 0.60 and above is generally considered sufficient for the reliability of test scores
(Buyikoztiirk, 2007). These findings obtained from the reliability analysis showed that the NST had an
acceptable level of reliability in terms of both the overall scale and the sub-factors.

The results of this study showed that NST, consisting of 36 multiple-choice questions and six number
sense components, is a valid and reliable instrument tool for determining the number sense skills of
eighth-grade students. In this respect, it is expected that this study will contribute to number sense
tests, which are few in Turkey, and to future studies on number sense.
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Tiirkge Siirimui

Girig

Sayilar matematigin en temel kavramlari arasinda yer almaktadir. Sayilar zihinsel akil yiriitme, esnek
disiinme, mantiksal iliski kurma ve gunliik yasam problemlerini ¢6zmede &nemli rol oynamaktadir
(Yang, 2019). Bununla birlikte sayilar konusu matematigin diger 6grenme alanlari olan 6lgme, geometri,
cebir ve veri analizinin temelini olusturmaktadir. Matematik egitimi icin énemli bir beceri olan sayi
duyusu ilk olarak Amerika’daki Ulusal Matematik Ogretmenleri Konseyinde (National Council of Teachers
of Mathematics [NCTM], 1989) ortaya atilmistir. Daha sonraki matematik egitimi reform ¢alismalarinda
ve Ogretim programlarinda da (NCTM, 2000; MEB, 2018) sayilar 6grenme alanina ve sayl duyusu
becerisine 6nem verildigi gorilmektedir.

NCTM’in (1989) raporunda sayi duyusuna sahip gocuklarin sayilarin anlamlarini kavrama, sayilar
arasinda c¢oklu iliskiler kurabilme, sayilarin goreceli buyukliklerini fark edebilme, islemlerin sayilar
Uzerindeki etkisini anlayabilme, nesnelerin 6lgciimleri igin uygun kiyaslama (referans) noktasi belirleme
becerisini gelistirebilecekleri ifade edilmektedir (s. 38). Hope’a (1989) gore sayi duyusu, sayilarin cesitli
kullanim alanlari hakkinda mantikli tahminler yapabilme, aritmetik hatalar fark edebilme, en etkili
hesaplama yolunu segebilme ve sayl oruntilerini fark edebilme becerisidir. Greeno (1991), sayi
duyusunu esnek disiinme, hesaplamada tahmin becerisi ve sayisal miktarlar hakkindaki ¢ikarim ile
muhakeme yetenegi olarak tanimlamistir. Reys ve digerlerine (1999) gbre sayi duyusu, sayi ve islemlerin
genel anlaminin yani sira, sayisal durumlari yonetmek, yararli ve etkin stratejileri gelistirmek ve
matematiksel yargilari olusturmak igin sayi ve islemlerin uygun yoéntemlerle kullanilmasi anlamina
gelmektedir. Kalchman, Moss ve Case (2001), sayi duyusunu verilen blyiklGgli tahmin etme,
sonuglardaki mantiksizligi fark etme, zihinsel olarak hesaplamada esneklik ve farkli temsiller arasindaki
iliskileri kurabilme olarak tanimlamistir. Yang (2019) ise sayl duyusunu gilinlik hayatta karsilasilan
problemlerde esnek ve etkili strateji gelistirerek basa ¢ikabilme becerisi olarak ifade etmektedir.

Matematik 6grenmede sayilar ve aritmetik islemleri kavramsal diizeyde anlama ile sayi duyusunun
gelisimi énemli rol oynamaktadir (NCTM, 2000). Ogrencilerin erken yaslarda sayi duyusu becerisinin
gelismesi daha sonraki yillarda matematik 6grenmesini olumlu yonde etkilemekte, buna karsin sayi
duyusundaki eksikligi matematik 6grenmeyi zorlastirmaktadir (Jordan, Glutting ve Ramineni, 2010).
Farkh ogretim kademelerinde yapilan bircok arastirmada (Akkaya, 2016; Cansiz Aktas vd., 2017;
Cekirdekgi, Sengiil ve Dogan, 2016; Jordan vd., 2010; Harg, 2010; Kayhan Altay, 2010; Mohamed ve
Johnny, 2010; Tunali, 2018) sayi duyusu ile matematik basarisi arasinda pozitif yénli anlamli bir iligki
oldugu saptanmistir. Ustelik sayl duyusunun &grencinin matematik basarisinin énemli bir yordayicisi
oldugu (Olkun, Mutlu ve Sari, 2017; Reys ve Yang, 1998; Yang, Li ve Lin, 2008) belirlenmistir. Turkiye’deki
bazi arastirmalar (Can, 2017; Cekirdekgi vd., 2016; Er & Ding Artut, 2017; Harg, 2010; Tunah, 2018)
matematik basarisi yiliksek olan 6grencilerin dislik olan 6grencilere goére sayr duyusu becerileri
bakimindan daha iyi olduklarini, buna karsin genellikle kural temelli ¢6ziim yaptiklarini géstermistir. Bu
sonug, 6grencilerin sayl duyusu becerilerinin yeterince gelismedigini isaret etmektedir.

Reys (1994) sayi duyusunun, sayilar, islemler ve bunlar arasindaki iliskileri iceren karmasik bir slreg
olmasi nedeniyle tanimlanmasinin zor bir kavram oldugunu ifade etmektedir. Alanyazinda sayi duyusu
bilesenleriyle ilgili ortak bir fikir birligi yoktur. Ustelik uluslararasi ¢alismalarda (Greeno, 1991; Markovits
ve Sowder, 1994; Mcintosh, Reys ve Reys, 1992; Li ve Yang, 2010; Reys vd., 1999; Yang, 1995; 2019;
Yang, Li ve Li, 2008) ve Tiirkiye’de yapilan galismalarda (Cekirdekgci, Sengiil ve Dogan, 2017; lymen
ikizoglu ve Duatepe Paksu, 2016; Kayhan Altay ve Umay, 2013; Soyuk, 2018; Sengiil ve Giilbagci, 2012)
sayl duyusu bilesenleri ile ilgili ¢esitli siniflandirmalarin yapildig1 goriilmektedir.
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Sayi Duyusu Bilegenleri

Alanyazinda 6grencinin yas grubu, sinif dizeyi, konu ve mifredata bagh olarak farkli sayi duyusu
bilesenlerinin tanimlandig1 gérilmektedir. Sayl duyusu bilesenleri konusunda en kapsaml siniflandirma
Mclntosch ve digerleri (1992) tarafindan yapilmistir. Mclntosch ve digerleri (1992) sayi duyusu becerisi
icin “sayilari etkili kullanabilme”, “islemleri etkili kullanabilme” ve “sayi ile islem bilgisiyle hesaplamalar
yapabilme” seklinde l¢ ana bilesen ve bu bilesenlere iliskin alt bilesenleri olusturmustur. (a) Sayilari etkili
kullanabilme ana bileseni kapsaminda sayilarin diizenli olmasi, géreceli ve mutlak blyiklGgiini algilama
ve Olgiim referanslar alt bilesenleri yer almaktadir. (b) islemleri etkili kullanabilme ana bileseni
kapsaminda islemlerin etkilerini anlama, matematiksel 6zellikleri anlama, islemler arasindaki iliskileri
anlama becerileri yer almaktadir. (c) Sayi ve islem becerisiyle mantikli hesaplamalar yapabilme ana
bileseni kapsaminda problem igerigi ve icerisindeki iliskiyi anlama, birden fazla stratejinin var oldugunu
fark edebilme, etkili bir temsil ya da metot kullanma, veri ve sonuglari mantikl bigimde gézden gegirme
bilesenleri yer almaktadir.

Mclntosch ve digerleri (1992) tarafindan ortaya atilan bilesenler temel alinarak Reys ve digerleri
(1999) tarafindan bes sayi duyusu bileseni olusturulmustur. Bu bilesenler kisaca soyledir:

(a) Sayilarin anlam ve bliytikliiklerini anlama: Sayilarin goreceli blylklGgiini fark etmeyi, verilen iki
kesri karsilastirabilmeyi, siralayabilmeyi ve iki sayi arasindaki sayiyi bulmayi gerektirir. Ornegin; 1,52 ile

1,53 arasinda ne kadar sayl oldugunu fark edebilme, % kesri ile % kesrini buylklik bakimindan
kiyaslayabilme.

(b) Sayilarin denk gésterimlerini anlama ve kullanma: Sayilarin esdegerlerini ve denk gosterimlerini
bilmeyi ve gerektiginde bunu kullanabilmeyi ifade etmektedir. Ornegin, %kesrinin %, %40 ya da 0,4 gibi

farkli gésterim bicimleri ile ifade edebilme, bir m sayisinin hangi sayi ile garpiminin 0,25 ile bélimiyle
ayni sonucu verecegini fark edebilme.

(c) Islemlerin sayilar iizerindeki etkisini anlama: Bu bilesen hesaplama durumlarinda bir sayinin veya
islemin degeri degistigi zaman sonucun nasil degisecegini fark etme becerisi ile ilgilidir. Yani, ¢arpma
isleminin daima sayilari blyltmeyecegi ve bolme isleminin sayilari daima kiglltmeyecegini
hissedebilmeyi ifade eder. Ornegin, 70 + 0,5 isleminin sonucunun 70 x 2 islemine esit olup
olamayacagini, ya da 750 + 0,98 isleminin sonucunun 750’den blyiik mi yoksa kiicik mi olabilecegini
tahmin edebilme.

(d) Olgmede kiyaslama (referans noktasi kullanma):Bu beceri farkli durumlara uygun olabilecek
referans/kiyaslama noktalarini belirlemeyi ve kullanmayi icermektedir. Ornegin, &grencinin kendi
boyunu ya da bir nesnenin uzunlugunu referans alarak bir baska nesnenin uzunlugunun tahmin
edebilmesi; 1, % ve 1/4 gibi sabit noktalar referans noktasi alinarak kesirlerin ve sayilarin siralanmasi.

(e) Zihinden hesaplama ve hesaplamada esneklik: Kagit kaleme dayali hesaplama yapmaksizin
problem ¢6zebilme ve sonucun uygunlugunu sorgulamak icin tahmin etme, zihinden islem yapabilmeyi
gerektirir. Ornegin, 6 x 98 isleminin yaklasik degerini zihinden hesaplayabilme; “Ali, besinci sinif
égrencisidir. Ali, 30.000 giin yasadigini séyliiyor.” Ali'nin bu édnermesinin mantikli olup olmadigini karar
verebilme.

Yang (1995) tarafindan gelistirilen sayi duyusu siniflamasi alti bilesenden olusmaktadir. Bu bilesenler
kisaca séyledir: (a) Sayilarin anlamini kavrama (Ornegin, bu bilesensayilarin temel anlamini, onluk sayma
sistemini, basamak degeri kavramini ve sayi ériintiilerini anlamayi gerektirir. ilkokul birinci sinif bir
6grencinin 48 sayisini ““4 diizine yumurta’ ya da ‘““4 onluk ve 8 birlik”’ seklinde ifade edebilmesi gibi), (b)
Sayilari ayristirma ve yeniden birlestirme (Ornegin, 3+3+3+3 isleminin sonucunun 4x3 islemi ile ayni
oldugunu fark edebilme), (c) Sayi biiyiikliikleri (Ornegin, iki kesrin karsilastirilmasi, verilen sayilari uygun
bir sekilde siralayabilme), (d) Kiyaslama (referans) noktasi kullanimi (Ornegin, 0,95 sayisi igin en yakin
degeri olan 1’in; verilen bir baska kesir igin %, % ve 1/5 gibi bilinen bir noktanin referans alinmasi), (e)
islemlerin sayilar iizerindeki etkisi (Ornegin, carpmanin her zaman sonucu biyiitmedigini bilmek, 199 x
0,9’un sonucunun 199’da kuigclik olmasi gibi), (f) Sayr ve islem bilgisini hesaplama durumlarina
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uygulamadaki esneklik (Ornegin, bir okul otobiisii 45 6grenciyi tasimaktadir. Eger 915 6grenci miizeye
goturulmek istenirse, kag tane otoblise ihtiyag olur?).

Yang, Li ve Li (2008) ilkégretim Uglincli sinif 6grencileri icin ¢oktan se¢meli sorulardan olusan ve
cevaplarin gerekgesini isteyen iki asamali sayr duyusu testi gelistirmislerdir. Bes bilesenden olusan bu
testin sayl duyusu bilesenleri sirasiyla “Sayilarin ve islemlerin anlamini anlama”, “Géreceli sayi
biiyiikligini kavrama”, “Sayilari birlestirme ve ayristirma”, “Sayilarin ve islemlerin ¢oklu gésterimlerini
kullanabilme” ve “islemsel sonuglarin akla uygunlugunu yargilama” seklindedir. Yang (2019) Tayvan’daki
besinci sinif 6grencileri Gzerinde yaptigl baska bir calismasinda bes sayi duyusu bileseni iceren li¢c asamali
test gelistirmistir. Bu testte daha dnceki ¢calismasindan (Yang vd., 2008) farkli olarak “Sayilari birlestirme
ve ayristirma” bileseni yerine, “Sayilar tizerinde islemlerin etkisini fark etme” bileseni yer almaktadir.

Uluslararasi alanyazinda saylr duyusu konusunda yaklasik otuz yildir bircok calisma yapilmasina
ragmen, Tirkiye'de sayi duyusu becerileri son yillarda 6nem kazanmistir. Nitekim, Birgin ve Peker (2021)
yaptiklari ¢alismada 2000-2018 yillari arasinda Tirkiye’de sayr duyusu alaninda yapilan calismalar
tematik icerik analizi ile incelemislerdir. Bu ¢alisma sonucunda Tirkiye’de sayi duyusu alanindaki
arastirmalarin 2010 yilindan itibaren hiz kazandigi, sayi duyusuna yonelik dlcek gelistirme ¢alismalarinin
sinirli oldugu ve yapilan galismalarda Kayhan Altay ve Umay (2013) tarafindan gelistirilen sayi duyusu
siniflandirmasinin daha ¢ok kullanildigi belirlenmistir. Kayhan Altay ve Umay (2013) ortaokul altinci,
yedinci ve sekizinci sinif 6grencilerine yonelik yazili cevap gerektiren 17 soru ve 3 bilesenden olusan sayi
duyusu testi gelistirmislerdir. Bu testin sayl duyusu bilesenleri kisaca soyledir: ““Hesaplamada esneklik”
(0,25 x 16 islemini kisa yoldan nasil ¢ozersiniz? Nasil yaptiginizi gosterin.) “Kesirlerde kavramsal
diisiinme” (Verilen bir sayi dogrusundaki noktalari diisiinerek, %, 2 % ve % kesirlerini yerlestiriniz. Nasil
yerlestirdiginizi aciklayiniz.) ve ‘““Referans noktasi kullanimi” (86424 x 500 islemini kisa yoldan nasil
¢ozersiniz? Nasil diistindiigiiniizii gdsteriniz.). lymen ikizoglu ve Duatepe Paksu (2016), Usli ifadeler
konusuyla ilgili ortaokul sekizinci sinif 6grencilerine yonelik 13 yazili cevap gerektiren ve bes sayi duyusu
bilesenini iceren sayl duyusu testi gelistirmislerdir. Bu testte yer alan sayl duyusu bilesenleri “denk
glOsterim”, “sayisal tahmin”, “sayi biyikligd”, “islem etkisi” ve “referans noktas” seklindedir. Diger
taraftan Cekirdekgi, Sengul ve Dogan (2017), ilkokul doérdinct sinif 6grencilerine yonelik 11 goktan
secmeli soru ve Ug¢ bilesenden (“Sayilarin esdegerlerini bilme ve niceliksel muhakeme-cikarimda
bulunma”, “Referans noktasi kullanarak islemlerin etkilerini hesaplama” ve “Sayilarin anlamini bilme ve
esnek diisiinme”) olusan sayi duyusu testi gelistirmislerdir. Ulusal alanyazindaki say! duyusu testlerinin
odaklandiklari sinif diizeyleri ile odaklandiklari konu ve sayr duyusu bilesenlerinin farkhlik gosterdigi
soylenebilir.

Calismanin Onemi ve Amaci

Alanyazinda sayi duyusuna iliskin siniflamalar incelendiginde sayi duyusu bilesenleri icin ortak bir
terminoloji olusturulamadigi, ayni beceriyi ifade eden sayi duyusu bilesenleri icin farkli isimlendirmeler
(Greeno, 1991; Markavits ve Sowder, 1994; Yang, 1995) kullanildigi gérilmektedir. Bazi ¢alismalarda bazi
sayl duyusu bilesenleri (Referans noktasi kullanimi, islemlerin etkisi, sayilarin anlami ve blyUiklGgu gibi)
ortak olmasina karsin (iymen ikizoglu ve Duatepe Paksu, 2016; McIntosh vd., 1992; Reys vd., 1999; Yang,
1995; 2019; Yang vd., 2008), sayilarin temel anlamini kavrama (Li ve Yang, 2010), sayilari birlestirme ve
ayristirma (Reys vd., 1999; Yang, 2019), niceliksel muhakeme ve ¢ikarim (lymen ikizoglu ve Duatepe
Paksu, 2016), sayilarin ¢oklu gosterimi (Kayhan Altay ve Umay, 2013; Markovits ve Sowder, 1994) gibi
sayl duyusu bilesenleri yer almamaktadir. Ayrica sayl duyusu olgeklerinde yer alan bilesenlerin
6grencinin yas grubu ve 6gretim programlarindaki konu iceriklerine bagh olarak farklilik gosterdigi ve
sayl duyusu bilesenlerine iliskin 6nceligin degistigi ifade edilebilir. Turkiye’de ilkokul ve ortaokul
matematik dersi 6gretim programlari (MEB, 2018) incelendiginde sekizinci sinif diizeyindeki 6grencilerin
dogal sayilar, tamsayilar, rasyonel sayilar, irrasyonel sayilar ile sayilarin farkli gésterimine (ondalik, Gsl,
ylizde, vb.) iliskin sayr duyusu becerilerine sahip olmalari beklenmektedir. Yapilan galismalar (Birgin ve
Peker, 2021; Cekirdek¢i vd., 2017; iymen ikizoglu ve Duatepe Paksu, 2016) Tiirkiye’de sayi duyusu
becerisine ydnelik testlerin ve dlgeklerin sinirl sayida oldugunu géstermektedir. Ustelik bu sayi duyusu
testleri ve Olgeklerinin odaklandiklari konu ve sinif diizeyi bakimindan sekizinci sinif 6grencilerinin
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tamsayilar, rasyonel, irrasyonel sayilar ile sayilarin farkli gésterimlerine (ondalik, Gsld, vb.) iliskin genel
sayl duyusunu belirlemede yeterli olmadigi séylenebilir. 2013 yili sonrasinda glincellenen matematik
dersi 6gretim programlarindaki (MEB, 2018) igerik, konu ve kazanimlardaki degisimler diistintldiginde
sekiz yillik egitim sonucunda 6grencilerdeki genel sayi duyusu becerilerini belirlemeye yonelik 6lgme
araglarina ihtiyag vardir. Bu nedenle bu ¢alisma, sekizinci sinif 6grencilerinin sayr duyusu
performanslarini belirlemeye yoénelik test gelistirmeyi amaglamistir. Bu galisma, 6nceki saylr duyusu
testlerinden farkli olarak sekiz yillik egitim sonunda 6grencilerin tamsayilar, rasyonel ve irrasyonel sayilar
ile sayilarin farkli gosterimlerine iliskin sayr duyusu becerilerini icermekte ve bircok sayr duyusu
olgeginde ifade edilen sayi duyusu bilesenlerini (Sayi bilgisi, niceliksel muhakeme ve ¢ikarim, sayilarin
denk gosterimi, sayilarda islemlerin etkisi, 6lcmede referans noktasi kullanma, zihinsel hesaplama gibi)
temel almaktadir. Bu yonuyle bu ¢alismanin sayi duyusu alaninda gelecekte yapilacak arastirmalara katki
saglamasi dislinilmektedir.

Yontem
Calisma Grubu

Bu arastirmanin temel amaci 6lgme aracinin gelistirmek oldugundan uygun 6rnekleme (convenience
sampling) yontemi tercih edilmistir. Uygun 6rnekleme yontemi, yakin ¢evrede bulunan, ulasilmasi kolay
ve arastirmaya gonilli olarak katilmak isteyen bireylerden segilen 6rnekleme olarak ifade edilmektedir.
Olgme araci gelistirmeyi amaglayan calismalarda élgiilen 6zelligin ranjinin érneklenmesinin &nemli
oldugu ve katihmin gonullik esasina dayanmasi gerektigi vurgulanmaktadir (Erkus, 2012). Bu baglamda
olgme araglarinin uygulanacagi okullara iliskin Milli Egitim Middurliigii'nden gerekli yazili kurumsal izinler
alinmistir. Ayrica bu arastirma etik agidan Usak Universitesi Sosyal ve Beseri Bilimler Bilimsel Arastirma
ve Yayin Etigi Kurulu tarafindan onaylanmistir. Katilimcilara arastirma hakkinda bilgilendirme yapilmis ve
katilimcilardan bilgilendirilmis onam alinmistir. Bu arastirma, gonalli katihm esasina gore yurutilmastir.
Bu arastirmanin galisma grubunu Turkiye'nin bati bolgesindeki bir ilin farkli yerlesim yerlerinde (il
merkezi, ilce merkezi ve kirsal) 6grenim goren 405 sekizinci sinif 6grencisi olusturmaktadir. Bu
arastirmaya madde analizi ve agimlayici faktdr analizi icin 180 6grenci, dogrulayici faktoér analizi igin 225
Ogrenci katilmistir. Katihmcilarin %48.4’G (n=196) kiz 6grenci, %51.6'1 (n=209) erkek 6grencidir.
Ogrencilerin %40.7’i (n=165) il merkezi, %33.1’i (n=134) ilce merkezi ve %26.2’i (n=106) kirsalda égrenim
gormektedir.

Sayi Duyusu Testinin (SDT) Gelistirilme Siireci

Sayl duyusu testinin (SDT) gelistiriime sirecleri ve bu siirecte yapilan islemler Tablo 1’de
ozetlenmistir. SDT’nin tasarlanmasi siirecinde oncelikle sayr duyusunun o&zelliklerinin ve sayi duyusu
bilesenlerini belirlemek amaciyla yurt disi (Facun ve Nool, 2012; Greeno, 1991; Li ve Yang, 2010;
Mclntosh vd., 1992; Purnomo, Kowiyah, Alyani ve Assiti, 2014; Li ve Yang, 2010; Reys vd., 1999; Singh,
2009; Yang, 1995; 2019; Yang ve Lin, 2015) ve yurt ici (Gulbagci Dede, 2015; Harg, 2010; Kayhan Altay ve
Umay, 2013; Soyuk, 2018; Sengtl ve Gilbagci Dede, 2013) alanyazin incelemesi yapilmistir. SDT'nin
sekizinci sinif 6grencilerine uygun olmasi icin 2018 Matematik Dersi Ogretim Programinin (MEB, 2018)
sayllar 6grenme alani ve ilgili kazanimlari gézden gecirilmistir. Matematik dersi 6gretim programinin
kazanimlar dikkate alinarak alanyazindaki sayi duyusu tanimlamalarinda ve sayi duyusu olgeklerinde
yaygin olarak kullanilan alti sayr duyusu bileseninin temel alinmasina karar verilmistir. Bu sayi duyusu
bilesenleri sirasiyla (a) Sayi bilgisi, (b) Niceliksel muhakeme ve ¢ikarim,(c) Sayilarin denk gésterimi, (d)
Sayilarda islemlerin etkisi (e) Olcmede referans noktasi kullanma ve (f) Zihinsel hesaplama seklindedir.

SDT’deki maddelerin olusturulmasinda alanyazin c¢alismalarda kullanilan sorulardan, ulusal ve
uluslararasi sinav sorularindan (TEOG, SBS, LGS, TIMMS, vb.), matematik ders kitabi ve kaynak
kitaplarindaki sorulardan yararlaniimistir. SDT’de yer alan maddelerin bazilari ilgili kaynaklardan aynen
alinmis, bazi maddeler arastirmacilar tarafindan degistirilmis ya da yeniden tasarlanmistir. Maddelerin
gelistirilmesi siirecinde kagit ve kalem kullanmadan sayi duyusu becerilerini kullanmayi gerekli kilmasi ve
zaman kisitlamasinin olmasi temel alinmistir. Coktan se¢meli maddelerin yazilmasi sirecinde ilgili

205



Osman Birgin & Elif Seval Peker — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(1), 2022, 187-219

alanyazin cgalismalarinda ifade edilen 6grenci hata ve kavram yanilgilari da dikkate alinmistir. Bu
baglamda SDT i¢in taslak coktan se¢meli madde havuzu olusturulmustur.

Tablo 1.
Sayi Duyusu Testini Gelistirme Asamalari ve Yapilan islemler
Test Gelistirme Asamalari Yapilan islemler
1. Sayi Duyusu Bilesenlerinin e Alanyazin taramasi, sayi duyusu Olgek ve testler ile matematik dersi
Tespiti ve Belirlenmesi Ogretim programinin incelenmesi
2. Madde Havuzunun e Alanyazin, sayi duyusu 6lgekleri, matematik dersi 6gretim programi, ders
Olusturulmasi kitabi ve merkezi sinav sorulari (SBS, TEOG, LGS, TIMSS, vb.) referans
alinmustir.
3. Kapsam ve Goriinis e Taslak maddelerin dil, 6grenci diizeyi ve sayi duyusu bilesenine
Gegerliginin Saglanmasi uygunluguna iliskin alan uzmanlarin ve 68retmenlerin gorisleri alinmasi
e GOrls ve oneriler dogrultusunda maddelerde gerekli ekleme ve
diizeltmeler yapilmasi
e Taslak maddelerin 6grenciye uygunlugu icin 24 68renci tizerinde pilot
uygulama yapilmasi ve gorislerinin alinmasi
4. Hazirlanan Sayi Duyusu e Hazirlanan taslak testin toplam 405 sekizinci sinif 6grencisi lizerinde
Testinin Uygulanmasi uygulanmasi

5. Madde Analizinin Yapilmasi e Madde giicliigii ve madde ayirt ediciliginin hesaplanmasi, uygun olmayan
maddelerin gikartiimasi

6. Yapi Gegerlik Analizlerinin e KMO ve Bartlett kirresellik testinin yapiimasi
Yapilmasi o Acimlayici faktor analizi yapilmasi
e Dogrulayici faktor analizinin yapilmasi
7. Glvenirlik Hesabi ve Testin e Cronbach alpha i tutarhihk glvenirlik katsayisi hesaplanmasi

Son Seklinin Verilmesi

Analizler sonucunda sayi duyusu testinin son seklinin verilmesi

Hazirlanan taslak SDT’nin kapsam ve gorinus gegerligini saglamak amaciyla 6ncelikle dért matematik
alan egitimi uzmani tarafindan igerik (kapsam), sayi duyusu bileseni ve 6gretim programina uygunluk, dil
ve ifade, Ogrenci diizeyine uygunluk bakimindan incelenmis ve uzman goérisleri dogrultusunda
maddelerde cesitli dizenlemeler yapilmistir. Ayrica matematik egitimi alaninda ytiksek lisans yapan dort
matematik 6gretmeninin de gorusleri alinmis ve oOneriler dogrultusunda maddeler (izerinde bazi
diizeltmeler yapilmistir. Taslak SDT'nin 6grenci diizeyine uygunlugunu ve uygulama siresini test etmek
icin 24 sekizinci sinif 6grencisine uygulanmistir. Test maddelerinde anlasiimayan ifade ve gorsel olup
olmadigini belirlemek amaciyla bu 6grencilerin gérisleri alinmistir. Ogrenciler bazi sorularin zor,
bazilarinin ise olduk¢a kolay oldugunu ve verilen siirenin yeterli oldugunu belirtmislerdir. Ogrenci
gorusleri dogrultusunda testteki bir gorsel daha belirgin hale getirilmistir. Revize edilen taslak SDT, alti
sayl duyusu bilesenine yonelik toplam 47 ¢oktan se¢meli sorudan olusmaktadir.

Sayi Duyu Testinin Say1 Duyusu Bilesenleri ve Ozellikleri

SDT'de yer alan maddelerden bazilari Ek 1’de 6rnek olarak sunulmustur. SDT’deki maddeler ve sayi
duyusu bilesenlerine gore dagilimi ve 6zellikleri kisaca soyledir:

a) Say bilgisi (Sayilarin anlamini kavrama):Say: bilgisi bileseni sayi blyUkligini anlamayi, sayilarin
karsilastirmayi ve siralamayi, sayilar ve sayilarin basamak degerleri arasindaki iliskiyi anlamayi ifade
etmektedir (MclIntosh vd., 1997). SDT'deki M2, M4, M6, M8, M11, M22, M37 ve M40 maddeleri sayilari
anlama ve sayi bilgisi kapsaminda hazirlanmistir. Ornegin, SDT’deki M6 maddesi Singh (2009) ile
Purnomo ve digerlerinin (2014) ¢calismalarindan esinlenilerek yazilmistir. Bu soruda 6grencilerin 1,52 ile
1,53 arasindaki sayilar icin bu sayilari 1,520 ile 1,530 ya da 1,5200 ile 1,5300 gibi diistiniilerek bu sayilar
arasinda sonsuz ondalik kesir olabilecegini fark etmeleri beklenmektedir.

b) Niceliksel muhakeme ve ¢ikarim: Bu bilesen, hesaplama sonucunda elde edilen sayisal degerin
mantikl olup olmadigina iliskin bir yargida ve ¢ikarimda bulunmayi igerir. Bu bilesen igin 6grencinin elde
ettigi sayisal degerin ne ifade ettigini, mantikli olup olmadigini bilmesi gerekir (Kayhan Altay ve Umay,
2013). SDT’deki M1, M7, M26, M28, M33, M39 ve M44 maddeleri niceliksel muhakeme ve c¢ikarim
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bileseni baglaminda hazirlanmistir. Ornegin, bu arastirma kapsamindaki M1 maddesi2007 TIMMS
matematik testinden alinmistir. Bu soruda “Okulun diizenledigi gezilere her 12 égrenci icin 1 6gretmen
katilacaktir. Geziye 110 égrenci gidiyorsa en az kag 6gretmen katiimalidir?” sorusu igin 110 6grenci 12’ye
bélinduginde 9 6gretmen gerekmektedir. Fakat kalan 2 6grenci icin de bir 6gretmen gerekmektedir.
Ogrencinin bunu fark etmesi beklenmektedir.

c) Sayilarin denk gésterimi: Sayilarin denk gosterimi sayilarin birgok farkl temsil bigimlerini icerir. Bu
bilesen, sayilarin es degerini bulmayi, ayristirma ve birlestirme ile sayilari yeniden olusturabilmeyi ve
sayilarin gesitli temsil bicimleri (yizde, lstel, ondalk, tarali bélge ve sayi dogrusundaki gosterimi gibi)
arasinda gecis yapmay! gerektirir (Mclntosh vd., 1997). SDT'deki M9, M12, M13, M15, M18, M21, M36
ve M45 maddeleri sayilarin denk gdsterimi bilesenine baglaminda hazirlanmistir. Ornegin, M12 maddesi

2015 TEOG sinavi matematik testinden alinmistir (Ek-1). Bu soruda 5~* ifadesinin degerinin é oldugu

diisunulip ondalik kesre gevrilmesi beklenmektedir. Testteki M21 maddesi geometrik sekli verilen tarah
bir bolgenin ylizde olarak ifade edilmesini gerektirmektedir.

d) islemlerin etkisi: islemlerin etkisi bileseni belirli sayilarla ilgili islemlerin etki ve anlamini igerir.
Ornegin bélmenin sayly! esit alt gruplara ayirmasi veya sayiyl 1’den daha kiigiik bir sayi ile carparak
kendinden daha kiclk sayi elde edilmesi gibi. SDT'deki M10, M20, M23, M24, M34, M38, M43, M46

maddeleri sayilarda islemlerin etkisi bilesenine iliskin hazirlanmistir. Ornegin, M24 maddesi (zxz =?

isleminin sonucunu hesaplama yapmadan en yakin cevabi isaretleyiniz.) ve M38 maddesi (29 + 0,8 = ?,
29x0,8=7?,29+0,8="ve 29 -0,8 =7? islemlerinden hangisi en biiyiik sonucu verir?) ¢arpma isleminin
¢arpilan sayiyr biyulttigi, bélme isleminin ise sayiyr kigilttigi kuralina uymayan bir sorudur. Sayi
duyusu gelismis bir 6grencinin bir sayl ile 1’den daha kiicik ondalk sayiyi g¢arpildiginda sayinin
kendisinden daha kigik sayi elde edildigi cevabini vermesi beklenmektedir.

e) Olcmede referans noktasi kullanimi: Bu sayi duyusu bilesenistandart ve standart olmayan &lcim
birimlerini glinlik yasamla uyumlu ve mantikli olarak kullanabilme yetenegidir. Bu sayi duyusu bileseni
kiitle, uzunluk, hacim, zaman ve agi gibi Ozellikleri kullanarak tahmini olarak 6lgme yapabilmeyi de
gerektirmektedir (McIntosh vd., 1997). SDT’deki M14, M17, M19, M25, M27, M30, M31, M32 ve M41
maddeleriélgmede referans noktasi kullanimi bileseni kapsaminda hazirlanmistir. Ornegin SDT deki M27
maddesi Gulbagci Dede (2015) ve Harg (2010) tarafindan yapilan ¢alismadan alinmistir. Payda esitleme
kurali uygulanmadan yarim referans noktasi kullanilarak yarimdan biylk iki kesrin toplaminin 1’den
biylk oldugu fark edilmelidir. Testin M19 maddesinde (Ek-1) sayi duyusu gelismis 6grencinin AB dogru
parcasini referans noktasi alarak L seklinin cevresinin K seklinden bilyik oldugunu bulmasi
beklenmektedir.

f) Zihinden Hesaplama: Zihinden hesaplama bileseni hesaplamada kagit-kalem ve hesap makinesi
kullanmadan ¢6zimi uygularken tahmin yapip zihinden hesaplama yaparak sonuca ulasmay! igerir.
SDT'deki M3, M5, M16, M29, M35, M44, M47 maddelerizihinden hesaplama bileseni kapsaminda
hazirlanmistir. Ornegin, M3 maddesi 2011 TIMMS matematik testinden alinmistir. Bu soruda 7,21
ondalik kesri 7'ye 3,86 ondalik kesri 4’e ve 10,09 ondalik kesri 10’a yuvarlanarak sonuca ulasilir. M16
maddesi 2010 SBS matematik testinden esinlenilerek yazilmistir. Bu soruda alani 150 m? olan karenin bir
kenarinin uzunlugunun \/150m ve bu degerin 12 m ile 13 m arasinda oldugunun tahmin edilmesi
beklenmektedir.

Verilerin Toplanmasi ve Veri Analizi

Bu arastirmada SDT ve uygulama konusunda katimcilara bilgilendirme vyapilmistir. Tim
katilimcilardan bilgilendirilmis onam alinmis ve veriler gonilliik esasina goére toplanmistir. SDT'deki her
bir soru projeksiyon ya da akilli tahta teknolojisi kullanilarak ¢alisma grubundaki 6grencilere sunulmus,
kagit ve kaleme dayali aritmetik bir hesaplama yapmadan sayi duyusu becerilerini kullanarak 35-40 sn
icinde en uygun cevabi belirlemeleri istenmistir. Boylece her bir soru birbirinden bagimsiz sekilde
tamamlamalari saglanmistir. SDT’deki her bir dogru cevap i¢in 1 puan, yanhs ve bos cevaplar igin sifir
puan verilerek toplam puanlar elde edilmistir. Veri analizi 6ncesinde analizlerin uygunlugu ve
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varsayimlarin kontroli icin bos verilerin degerlendirilmesi, normallik testi, dogrusallik ve u¢ degerlerin
belirlenmesi (standart sapmanin -3 ile +3 degerleri disinda kalan) islemleri yapilmistir. SDT’ye iliskin bos
verisi fazla olanlar ile ug veriler analizden c¢ikartilmistir. SDT puanlarinin basiklik (-0.596) ve carpikhk
(0.356) degerlerinin +1 ile -1 arasinda deger aldig1 ve normal dagilim gosterdigi belirlenmistir.

SDT'nin gecerlik ve giivenirlik calismalari iki asamada yiritilmistir. ilk asamada SDT’nin madde
analizleri kapsaminda madde guigliik indeksi ve madde ayirt edicilik indeksini belirlemek amaciyla ¢alisma
grubunu olusturan okullardan secilen 180 6grenci ile gergeklestirilmistir. Madde analizinde SPSS istatistik
programi ve Excel programi kullanilmistir. Elde edilen veriler Gizerinden her bir maddenin madde-toplam
korelasyon, madde giliclik indeks ve madde ayirt edicilik indeks degeri hesaplanmistir. Madde ayirt
edicilik indeksinin belirlenmesinde %27’lik alt ve %27’lik Ust grup yonteminden yararlaniimistir. Madde
analizi sonucunda uygun olmayan maddelerin elemesi yapilmistir. SDT’nin yapi gegerlig§ine uygunlugunu
belirlemek amaciyla 6ncelikle Kaiser-Meyer-Olkin KMO 6rneklem uygunlugu testi ve Bartlett kiiresellik
testi hesaplanmistir (Blyukoztirk, 2007). Sonrasinda Temel Bilesenler Analizi ve Varimax Dik Dondiirme
Teknigi kullanilarak agimlayici faktor analizi gergeklestirilmistir. Faktor analizi sonuglarina dayali olarak
madde elemesi yapilarak testin alt boyutlari belirlenmistir. Ayrica SDT’nin timi ve her bir alt boyutun
glvenirligi icin iliskin Cronbah alpha i¢ tutarlilik katsayisi hesaplanmistir.

SDT’nin ikinci asamasinda yapi gegerlik ¢alismasi kapsaminda agimlayici faktér analizi sonucunda
ortaya cikan sayl duyusu bilesenlerinin (yapinin) sayi duyusu testi ile model uyumunu belirlemek
amaciyla 225 sekizinci sinif 6grenci Uzerinde LISREL 8.8 programi yardimiyla dogrulayici faktor analizi
gerceklestirilmistir.

Bulgular
Madde Analizlerine iliskin Bulgular

Madde analizi ile Olgekteki maddelerin 6lgmeyi amacladigi 6zelligi baska ozellikleri karistirmadan
Olclip Olgmedigi belirlenmektedir (Tavsancil, 2002). Madde analizi kapsaminda madde-toplam
korelasyonu, madde gtiglik indeksi (p;) ve madde ayirt edicilik indeks (rix) degerleri hesaplanmistir.
Alanyazinda madde-toplam korelasyon degerinin 0.20 ve (izerinde olmasi gerektigi belirtilmektedir
(Kline, 1993).

Madde gigliik indeksi (p;), soruya dogru cevap veren 6grencilerin sayisinin, tim 6grencilerin sayisina
oranidir. Madde glgliik indeksi 0 ile 1 arasinda degerler almaktadir. Madde gli¢lik indeksi 0,20’den
kiicik olan maddelerin “cok zor”, 0,21 - 0,40 arasinda olan maddelerin “zor”, 0,41 - 0,60 arasinda olan
maddelerin “orta diizey zorlukta”, 0,61 - 0,80 arasinda olan maddelerin “kolay” ve 0,80’den buyik olan
maddeler ise “gok kolay” oldugu belirtmektedir. Testlerde maddelerin orta glglikte (0,50) olmasi
istenilen bir duzeydir ve testin gegerlilik ve glvenilirligini artirmaktadir (Turgut ve Baykul, 2010).

Madde ayirt edicilik indeksi (r;x), madde ile 6lglilmesi amaglanan 6zellige sahip olan ve olmayanlari
birbirinden ayirabilme giicidir (Blyukoztirk, 2007). Bu indeks -1 ile +1 arasinda degismektedir. Madde
ayirt edicilik indeksi 0.20’den diisiik ve negatif olan maddelerin testten ¢ikartiimasi ve 0,20-0,29 arasinda
olan maddelerin dizeltilmesi gerektigi, madde ayirt edicilik indeksi 0,30-0,39 olan maddelerin “iyi”, 0,40
ve lUzerinde olan maddelerin ise “cok iyi” dlizeyde ayirt edici madde oldugu ifade edilmektedir (Turgut ve
Baykul, 2010). Bu arastirma kapsaminda SDT’deki maddelere iliskin madde gli¢liik indeksi, madde ayirt
edicilik indeksi ve madde-toplam korelasyon degerleri Tablo 2’de sunulmustur.

Tablo 2 madde-toplam korelasyon degerleri bakimindan incelendiginde iki maddenin (M39, M43)
0.132 ile 0.174 degerini aldigi, ¢ maddenin (M40, M45, M46) 0.203 ile 0.233 arasinda, diger maddelerin
0.304 ile 0.471 arasinda deger aldigi belirlenmistir. Bu nedenle madde-toplam korelasyon degeri
0.20’den distk olan M39 ve M43 maddelerinin SDT'nin c¢ikartiimasinin uygun olacagl kanaatine
varilmistir. Ayrica Tablo 2 madde ayirt edicilik indeks kriterleri bakimindan incelenmis SDT'deki bes
maddenin (M39, M40, M43, M45 ve M46) ayirt edicilik indeksi 0.20’den diisiik olmasi nedeniyle testten
cikartilmasina karar verilmistir. Geri kalan maddeler arasindan 13 maddenin (M1, M2, M4, M11, M12,
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M15, M17, M19, M21, M23, M26, M32, M38) “iyi”, digerlerinin ise “cok iyi” nitelikte ayirt edici oldugu
belirlenmistir.

Tablo 2 madde glglik indeks kriterleri bakimindan incelendiginde dért maddenin (M15, M25, M30,
M31) “kolay”, 16 maddenin (M1, M4, M6, M8, M10, M11, M12, M14, M19, M21, M23, M26, M27, M38,
M44, M47) “zor”, geriye kalan 22 maddenin “orta” gliglige sahip oldugu belirlenmistir. Tim bu bulgular
iIsiginda SDT’nin maddelerin ayirt ediciliginin 0,30°dan yuksek oldugu, madde giglik indeksleri
bakimindan test icerisinde zor, kolay ve orta diizeyde sorular oldugu sdylenebilir. Madde analizi
sonucunda toplam 38 maddeden olusan SDT elde edilmistir.

Tablo 2.

Sayi Duyusu Testi icin Yapilan Madde Analizi Sonuglar

No r pj Fjx No r pj Tjx No r p; Tix
M1 .342™ 0.28 0.40 M17 .329™ 0.43 0.36 M33 423" 0.45 0.46
M2 .364™" 0.44 0.35 M18 420 0.54 0.73 M34 428™ 0.40 0.51
M3 381" 0.42 0.55 M19 323" 0.25 0.35 M35 357" 0.46 0.55
M4 403" 0.31 0.34 M20 .388™ 0.55 0.65 M36 370" 0.40 0.45
M5 .318™ 0.59 0.55 M21 4417 0.30 0.33 M37 358" 0.59 0.53
M6 .458™ 0.33 0.48 M22 423" 0.48 0.69 M38 395" 0.18 0.36
M7 .381™ 0.51 0.47 M23 .388™ 0.28 0.30 M39 132 0.72 0.10
M8 367" 0.28 0.47 M24 412 0.57 0.43 M40 224" 056 0.17
M9 433" 0.43 0.61 M25 .325™ 0.69 0.54 M4l 331" 0.45 0.40
M10 471 0.35 0.52 M26 .339™ 0.32 0.33 M42 356" 0.41 0.50
M11 .362™" 0.21 0.31 M27 .394™ 0.37 0.53 M43 174" 0.81 0.13
M12 435" 0.27 0.34 M28 419 0.47 0.51 Ma4 324" 0.26 0.33
M13 .308™ 0.60 0.58 M29 .375™ 0.49 0.41 M45 203" 0.84 0.21
M14 .375™ 0.36 0.43 M30 .338™ 0.62 0.55 M46 233" 0.30 0.14
M15 419™ 0.63 0.37 M31 .361™ 0.68 0.59 M47 .304™ 0.37 0.33
M16 .324™ 0.60 0.53 M32 423" 0.40 0.40

r: Madde-toplam korelasyonu, p;: madde gugliik indeksi, rj: madde ayirt edicilik indeksi
*p< .05, *"p< .01

Faktor Analizine iliskin Bulgular

Faktor analizi, ayni yapiyi veya ayni niteligi 6lcen degiskenleri bir araya toplayarak 6lgmeyi az sayida
faktor ile agiklamayi amaglayan bir istatistiksel tekniktir (Buyikoztiirk, 2007). Bu nedenle SDT’nin ol¢tigu
faktoérlerin dogasi hakkinda bilgi edinmek ve faktor yapisini ortaya koymak igin dncelikle agimlayici faktor
analizi (exploratrory factor analysis) yapilmistir. Faktoér analizindeki ilk adim 6lgegin uygulandigl grubun
faktor analizi icin uygunlugunu test etmek ve verilerin ¢ok degiskenli normal dagilimdan gelip gelmedigi
belirlemektir. Bu nedenle Kaiser-Meyer-Olkin (KMO) ve Bartlett’s kiresellelik testi yapilmistir. Kaiser-
Meyer-Olkin (KMO) degerinin 0.60’dan yiksek olmasi ve Barlett kiiresellik testinin anlamli ¢ikmasi
verilerin faktér analizi igin uygun oldugunu ifade etmektedir (BUyukoztiirk, 2007). Bu arastirma
kapsaminda SDT icin KMO degeri 0.675, Bartlett testi icin ki-kare degeri 2109.922 (p< .001) bulunmustur.
Bu degerler SDT iliskin faktoér analizinin yapilabileceginin bir gdstergesi olarak kabul edilmistir.

a) Agmlayici Faktér Analizi:Olcegin acimlayici faktdr analizi temel bilesenler analizi ve varimax dik
dondirme yontemi kullanilarak ylrttilmustlr. Faktor analizi isleminde maddelerin faktor yikiinin en
az 0.40 olmasi ve maddeler iki ayri faktor altinda toplandiginda faktor yikleri arasindaki farkin en az 0.10
olmasi oOlgit alinmistir. Agimlayici faktér analizinin ilk sonuglari, SDT’nin 6zdegeri 1.00’in Gizerinde olan
10 faktor altinda toplandigini ve toplam varyansin %58.66’sini agiklayabildigini gdstermistir. Ancak
o6zdegeri 1.5'ten yiksek olan alti faktér disindaki faktorler altinda toplanan maddelerin sayica ¢ok az
oldugu ya da farkl bilesenler altindaki yiiklerinin birbirine yakin oldugu gorilmdstir. Bu nedenle SDT’nin
gelistiriimesi sirecinde alti sayr duyusu bileseni dikkate alinarak faktér analizi alti faktor ile
sinirlandiriimistir.

Varimax dik déndiirme metodu sonucunda, SDT'de yer alan M41, M42, M44 ve M47 maddelerinin
birden fazla faktorde yiiksek degere sahip oldugu ve faktor yik degerleri arasinda farkin 0.10’dan distik
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oldugu tespit edilmistir. Bu nedenle bu dort maddenin sirasiyla testten gikartiimasina karar verilmis ve
geri kalan 38 madde lizerinden faktor analizi alti faktor icin tekrarlanmistir. Tekrarlanan faktor analizi
sonucunda 6z degeri 1.5'den buyik alti faktor altinda toplanan faktor yik degerlerinin 0.44 ile 0.78
arasinda deger aldigi ve toplam varyansin %48.5’ini agiklayabildigi belirlenmistir. SDT’nin varimax dik
déndiirme sonucunda olusan alt boyutlarina iliskin faktor yik degerleri agikladiklari varyans Tablo 3’te
sunulmusgtur.

Tablo 3.
Acimlayici Faktér Analizi ve Dik Déndiirme Sonuglari
Madde  Faktor Ortak Varyansi Faktor 1 Faktér2 Faktor 3 Faktor Faktér 5 Faktor 6
M25 0.628 .781
M31 0.598 .767
M27 0.558 .739
M30 0.524 .715
M17 0.458 .609
M14 0.428 .602
M32 0.335 498
M19 0.324 497
M6 0.620 .760
M4 0.521 .698
M8 0.515 .663
M11 0.417 .646
M37 0.353 .556
M2 0.348 .518
M22 0.334 440
M18 0.533 .720
M21 0.488 .647
M36 0.468 .610
M15 0.370 .593
M9 0.384 .538
M12 0.469 .529 .365
M13 0.342 .525
M38 0.550 722
M23 0.516 .710
M34 0.452 .621
M20 0.349 .546
M10 0.459 .395 .536
M24 0.341 513
M29 0.517 .676
M3 0.483 .643
M16 0.436 .640
M5 0.412 .618
M35 0.353 499
M26 0.503 .701
M1 0.393 .610
M28 0.439 .580
M33 0.374 .566
M7 0.399 .513
Oz-deger: 5.703 4.305 2.921 2.222 1.720 1.560
Varyans: %15.01 %11.33 %7.69 %5.85 %4.53 %4.11
Cronbach alpha: .81 .79 .76 73 72 .75

Temel bilesen analizi sonucunda maddelerin ortak faktér varyanslarinin 0.324-0.628 arasinda
degistigi ve dondirme sonrasi her bir faktoriin agikladiklari toplam varyans sirasiyla %15.01, %11.33,
%7.69, % 5.85, %4.53 ve %4.11 oldugu belirlenmistir. Tablo 3’deki faktor dondirme sonrasinda birinci
faktoriin 0.497-0.781 arasinda; ikinci faktoriin 0.440-0.760 arasinda; (glincli faktoriin 0.525-0.720
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arasinda; doérdinci faktorin 0.513-0.722 arasinda; besinci faktérin 0.499-0.676 arasinda; altinci
faktérin 0.513-0.701 arasinda ylk degerleri aldig1 gorilmektedir.

Yapilan agimlayici faktér analizi sonucunda ortaya cikan alt faktorlere iginde barindirdiklari
maddelerin oSlgtikleri 6zellikler ve sayr duyusu bilesenleri g6z 6niinde bulundurularak isimlendirme
yapilmistir. Buna gére faktér 1’deki sekiz madde “Ol¢mede Referans Noktasi Kullanimi (RK)” (M14, M17,
M19, M25, M27, M30, M31, M32), faktdr 2’deki yedi madde “Say Bilgisi (SB)” (M2, M4, M6, M8, M11,
M22, M37), faktor 3’deki yedi madde “Sayilarin Denk Gosterimi (DG)” (M9, M12, M13, M15, M18, M21,
M36), faktér 4’teki alti madde “Sayilarda islemlerin Etkisi (IE)” (M10, M20, M23, M24, M34, M38), faktér
5’deki bes madde “Zihinden Hesaplama (ZH)” (M3, M5, M16, M29, M35), faktér 6’daki bes madde
“Niceliksel Muhakeme ve Cikarim (NM)” (M1, M7, M26, M28, M33) olarak isimlendirilmistir.

SDT ile alt faktor arasindaki korelasyon katsayilari hesaplanmistir (Tablo 4). Tablo 4’te gorildugu gibi
SDT ile alt faktorler arasinda orta diizeyde pozitif yonli anlamliiliski oldugu belirlenmistir (p< .01). Ayrica
SDT alt faktorlerinin de kendi arasinda pozitif yonli ve anlamli iliski oldugu saptanmistir (p< .05).

Tablo 4.

Faktérler Arasindaki Korelasyon Katsayilari

Degiskenler SDT NM SB ZH DG RK iE
Say! duyusu testi (SDT) 1 .516™ .587™" 559" 686 .581"" .540™"
Niceliksel muhakeme ve cikarim (NM) 1 2047 194 274 155" 103
Say! bilgisi (SB) 1 296 264" 144"  .097
Zihinden hesaplama (ZH) 1 292" 134" 196™
Sayilarin denk gdésterimi (DG) 1 212" 286"
Olgmede referans noktasi kullanimi (RK) 1 212"
Sayilarda islemlerin etkisi (iE) 1

* p< .05, ** p< .01

b) Dogrulayici Faktér Analizi:Olcek gelistirme calismalarinda 6lgeginin yapi gegerligini sinamanin bir
diger yolu da dogrulayici faktor analizinin yapilmasidir (Blylikoztirk, 2007).Agimlayici faktor analizinde,
degiskenler arasi iliskilerden hareketle faktér bulmaya yonelik bir islem; dogrulayici faktér analizinde ise
degiskenler arasi iliski konusunda daha 6nce saptanan bir hipotezin ya da kuramin test edilmesi s6z
konusudur (Cokluk vd., 2012; Stiimer, 2000). Bu arastirma kapsaminda ac¢imlayici faktor analizi ile
gelistirilen 38 maddeli ve alti faktorli SDT'nin model olarak dogrulanip dogrulanmadigini test etmek
amaciyla 225 sekizinci sinif 6grencisi tGzerinde uygulanmis ve LISREL 8.8 programi kullanilarak birinci
diizey dogrulayici faktor analizi yapiimistir (Sekil 1).

Bir modelin kabul edilip edilmemesinde kullanilan uyum indeksleri arasinda ki-kare (x2), RMSEA
(Root Mean Square Error of Approximation), GFI (Goodness of Fit Index), AGFI (Adjusted Goodness of Fit
Index), CFl (Comparative Fit Index) ve NNFI (Non-Normed Fit Index), S-RMR (Standardized Root Mean
Square Residual) yer almaktadir (Gokluk vd., 2012; Siimer, 2000). Ki-kare/serbestlik derecesi (x2/sd)
oraninin 3’ten kiglik olmasi iyi bir degerdir, ancak 5ten kiiclik olmasi kabul edilebilir. RMSEA’nIn
0.08’den kiiclik, GFI degerinin 0.90’dan bliyik, AGFI degerinin 0.80’den buyiik, CFl degerinin 0.90’dan
blyik ve NNFI degerinin 0.90’dan buylk olmasi, S-RMR’nin 0.08’den kii¢lik olmasi modelin veriye
uyumunun iyi oldugunu gostermektedir (Cokluk vd., 2012; Kline, 2005). Bu ¢alisma kapsaminda SDT’nin
birinci dliizey dogrulayici faktér analizi sonucun ortaya ¢ikan uyum indeks degerleri Tablo 5’te verilmistir.

Tablo 5.

SDT’ye iliskin Birinci Diizey Dogrulayici Faktér Analizi Sonuglari ve Uyum indeksleri

Uyum indeksi Kabul Edilebilir Deger Model Degeri
x2/sd < 3.00 2.71
RMSEA < 0.08 0.00

GFI > 0.90 0.90
AGFI > 0.80 0.89

CFI > 0.90 1.00
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NNFI
S-RMR

= 0.90
< 0.08

1.16
0.05

Tablo 5°te gorildugia gibi birinci dizey dogrulayici faktor analizinden elde edilen uyum indeks
degerleri sirasiyla y2= 463.41, sd = 649, y2/sd = 2.71, p < .001, RMSEA = 0.00, GFI = 0.90, AGFI = 0.89,
CFl = 1.00, NNFI = 1.16, S-RMR = 0.05 olarak hesaplanmig ve bulunan bu degerlerin kabul edilebilir

diizeyde oldugu belirlenmistir.
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Sekil 1. SDT’ye lliskin 1.DiizeyDogrulayici Faktér Analizi (Standartlastiriimis Dederler)

Acgimlayici faktor analizi sonucunda ortaya g¢ikan alt boyutlar ile SDT ile olan yapisal iliskisini ortaya
koymak icin ikinci diizey dogrulayici faktér analizi yapilmistir. Yapilan ikinci diizey dogrulayici faktor
analizi sonucunda (Tablo 6) uyum indeks degerleri sirasiyla y?= 472.08, sd = 658,y2/sd= 2.72, p < .001,
RMSEA = 0.00, GFI = 0.90, AGFI = 0.89, CFl = 1.00, NNFI = 1.16, S-RMR = 0.051 oldugu ve bulunan bu
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degerlerin de kabul edilebilir diizeyde uyum gosterdigi belirlenmistir. Birinci dlizey degisken olan alt
faktorlere iliskin standardize ¢éziimleme degerlerinin sirasiyla 0.57 (NM), 0.56 (SB), 0.63 (ZH), 0.78 (DG),
0.41 (RK) ve 0.42 (iE) oldugu belirlenmistir. Kline’e (2005) gére bu degerlerin 0.30’dan yiiksek olmasi alt
faktorlerin SDT’nin kendisi ile ilgili oldugunu gostermistir. SDT’de dogrulayici faktor analizine iliskin her
bir maddeye ait standardize ¢oziimleme degerlerinin anlamli olup olmadigini belirlemek igin hesaplanan
t-testi degerlerinin sirasiyla 3.29 (NM), 3.62 (SB), 3.74 (ZH), 5.82 (DG), 3.34 (RK) ve 4.00 (iE) oldugu ve
anlamli (p< .01) oldugu bulunmustur. Bu durum sayi duyusu testi ile alt boyutlari arasinda pozitif yonli
anlaml bir iliski oldugunu gostermistir.

Tablo 6.

SDT’nin ikinci Diizey Dogrulayici Faktér Analizine lliskin Sonuglar

g;g?;g:‘zey Birinci Diizey Degiskenler Standagféc;zrtilmleme t-degeri
Niceliksel muhakeme ve gikarim (NM) 0.57 3.29

Sayi Duyusu  Sayi bilgisi (SB) 0.56 3.62

Testi Zihinsel hesaplama (ZH) 0.63 3.74
Sayilarin denk gosterimi (DG) 0.78 5.82
Olgmede referans noktasi kullanma (RK) 0.41 3.34
Sayilarda islemlerin etkisi (iE) 0.42 4.00

Giivenirlik:Bir testin glivenirligi, o testin tesadifi hatalardan ariniklik derecesi ve test maddelerinin
testin timuyle olan tutarhihgidir. Duyussal 6zellikler ile ilgili 6lgeklerde givenirlik katsayisinin 0.70
degerinin lzerinde olmasi beklenir. Bilissel becerileri 6lcen testlerde 0.60'in altindaki degerler igin,
glvenirligin iyi olmadigi seklinde yorumlanmaktadir (Blytkoztiirk, 2007). Bu arastirima kapsaminda
gelistirilen SDT’nin glvenirligi icin Cronbach alpha i¢ tutarlilik katsayisi hesaplanmis testin tumi igin
0.82’dir. Alt faktorler igin Cronbach alpha ig tutarlilik katsayilari sirasiyla 0.77 (SB), 0.72 (NM), 0.72 (DG),
0.76 (IE), 0.75 (ZH) ve 0.79 (RK) olarak hesaplanmistir. Bu ydniiyle teshis testinin giivenilir oldugu kabul
edilmistir.

Tartisma, Sonug ve Oneriler

Bu arastirma, ortaokul sekizinci sinif 6grencilerinin sayi duyusu becerilerini belirlemeye yénelik 6lgme
aracinin gelistirilmesini amaglamistir. Sayi duyusu testinin (SDT) gelistirilmesi amaciyla 6ncelikle sayi
duyusu ile ilgili alanyazin ve olgekler incelenmis, matematik dersi 6gretim programinin kazanimlari
dogrultusunda alti farkh sayr duyusu bileseni temel alinmigtir. Kapsam gecerligi ve sayl duyusu
bilesenlerine uygunlugunu saglamak amaciyla dért matematik egitimi uzmani ve dort matematik
o6gretmenin goérusleri alinarak ve gerekli diizeltmeler yapilarak toplam 47 coktan se¢meli maddeden
olusan taslak SDT olusturulmustur. SDT’nin 6grenciye uygunlugunu, goriinls gecerligini ve kullanimini
test etmek icin 24 Ogrenci lzerinde pilot uygulamasi yapilmistir. Son halini alan SDT’nin gecerlik ve
guvenirligi icin 180 6grenci Uzerinde madde analizi ve agimlayici faktér analizi gergeklestirilmis, yapi
gecerligini test etmek igin 225 6grenci Uzerinde dogrulayici faktor analizi gerceklestirilmistir.

SDT’nin madde analizi kapsaminda madde-toplam korelasyonu, madde gilicliik indeksi ve madde ayirt
edicilik indeksleri hesaplanmistir. Madde-toplam korelasyonu ile madde ayit edicilik indeksi 0.20’nin
altinda deger alan bes maddenin testten cikarilmasina karar verilmistir. Geri kalan 42 maddenin madde-
toplam korelasyonlari 0.30 ile 0.47 arasinda, madde ayirt edicilik indekslerinin 0.30 ile 0.79 arasinda,
madde gliclik indeksler bakimindan 0.18 ile 0.69 arasinda deger aldig, testin zor, orta ve kolay diizeyde
olan maddelerden olustugu belirlenmistir. Bu sonuglar SDT'de yer alan madde-toplam korelasyon,
madde glicliik ve maddelerin ayirt edicilik degerlerinin kabul edilebilir diizeyde oldugunu (Blylikoztirk,
2007; Turgut ve Baykul, 2010) gostermis ve maddelerin sayi duyusu becerilerini 6lgmede ayirt edici
nitelikte oldugu seklinde yorumlanmistir.

SDT’'nin yapi gecerligi icin temel bilesenler analizi ve varimax dik déndiirme islemleri kullanilarak
vapilan agimlayici faktér analizi yapilmistir. Analiz sonucunda birden fazla faktor altinda toplanan ve
faktor yiik degerleri arasinda 0.10’dan disilik olan dért maddenin testten cikartilmasina karar verilmis,
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geriye kalan 38 maddenin 6z degeri 1.5’den biylk 6 faktor altinda toplam varyansin %48.5'ni
aciklayabildigi ve maddelerin faktor yiklerinin 0.44 ile 0.78 arasinda deger aldigI saptanmistir. Sosyal
bilimlerde yapilan ¢ok faktorlii 6lgek yapilarinda %40 ile %60 arasinda degisen toplam varyans
oranlarinin yeterli kabul edildigi ve genel bir kural olarak 0.32 ve uzeri faktor yuklerinin
kullanilabilecegini belirtilmektedir (Cokluk vd., 2012; Tabachnick ve Fidell, 2007). Bu sonuglar SDT’nin alt
faktorlerinin ve ilgili maddelerin sayi duyusu bilesenlerini agiklamada kabul edilebilir nitelikte oldugunu
gostermistir. Acimlayici faktér analizi sonucunda ortaya ¢ikan alt faktorler icinde barindirdiklari
maddelerin olgtikleri 6zellikler ve sayl duyusu bilesenleri géz 6nlinde bulundurularak “Sayr Bilgisi”,
“Sayilarin Denk Gésterimi”, “Sayilarda islemlerin Etkisi”, “Olcmede Referans Noktasi Kullanimi”,
“Zihinden Hesaplama” ve “Niceliksel Muhakeme ve Cikarim” olarak isimlendirilmistir. Alanyazinda sayi
duyusuna yonelik tek bir teorik cerceve bulunmamakta, sayr duyusu bilesenleri farkh sekillerde
tanimlanmakta ve isimlendirilmektedir. Sayi duyusu o6lcek gelistirme g¢alismalarinda (Facun ve Nool,
2012; Greeno, 1991; Giilbagci Dede, 2015; Kayhan Altay ve Umay, 2013; McIntosh vd., 1992; Reys vd.,
1999; Singh, 2009; Sengiil ve Gilbagci Dede, 2013; Yang ve Lin, 2015) bazi sayi duyusu bilesenlerinin
benzer olmasina karsin, farkli sayr duyusu bilesenlerinin oldugu dikkat ¢ekmektedir. Bu durum sayi
duyusu 6lgeginin odaklandiklari yas, sinif diizeyi, 6gretim programi kazanimlari ve sayi duyusu konusuna
(kesirler, yuzdeler, Usli sayilar, dogal sayilar, rasyonel sayilar, vb.) gore farklilik goéstermesinden
kaynaklanmaktadir.

Alanyazinda 6lgek alt faktorlerin birbirleriyle yliksek diizeyde iliski gdstermemesi, 6lgegin timu ile
dusuk iliski gosteren alt faktorlerin ise 6lgekten gikartiimasi gerektigi belirtiimektedir (Tavsancil, 2002).
Bu arastirmada SDT’ye iliskin alt faktorin kendi arasindaki korelasyon degerlerinin 0.10 ile 0.30 arasinda
degistigi, alt faktorler ile SDT arasindaki korelasyon degerlerinin ise 0.51 ile 0.68 arasinda deger aldigi ve
pozitif yonli orta dizeyde anlamli iliski oldugu (p< .01) belirlenmistir. Bu sonuglar, alt faktorlerin SDT’nin
bilesenleri oldugunu ve birbirinden ayristigini géstermistir.

Olgeklerin yapi gegerligini test etmenin bir diger yolu da dogrulayici faktér analizinin yapilmasidir
(Cokluk vd., 2012; Tabachnick ve Fidell, 2007). LISREL programi kullanilarak yapilan dogrulayici faktor
analizi sonucunda her bir maddeye iliskin standardize ¢6ziimleme degerlerinin 0.30 - 0.96 arasinda deger
aldig1 ve bu degerler icin hesaplanan t-degerlerinin de 3.35 - 7.95 arasinda degistigi ve anlamli oldugu
saptanmistir. SDT icin dogrulayici faktér analizi kapsaminda elde edilen uyum indeks degerlerinin
(x%/sd = 2.71, p < .001, RMSEA = 0.00, GFI = 0.90, AGFI = 0.89, CFl = 1.00, NNFI = 1.16, S-RMR = 0.05)
kabul edilebilir diizeyde oldugu (Cokluk, vd., 2012; Kline, 2005; Stimer, 2000; Tabachnick ve Fidell, 2007)
belirlenmistir. Ayrica alt faktor icin yapilan ikinci diizey dogrulayici faktor analizi sonucunda modelin
uyum indekslerinin kabul edilebilir nitelikte oldugu saptanmistir. Bu sonuglar, SDT’ye iligskin alti sayi
duyusu bilesenlerine iligskin faktér yapisinin dogrulandigini géstermistir.

Bu arastirmada SDT’nin guvenirlik ¢alismalari kapsaminda hesaplanan Cronbach alpha i¢ tutarlik
katsayilari 6lcegin geneli icin 0.82, alt faktorler agisindan i¢ tutarlik katsayilarinin 0.72 ile 0.79 arasinda
degistigi belirlenmistir. ilgili alanyazinda bilissel becerileri 6lcen testler icin hesaplanan giivenirlik
katsayisinin 0.60 ve (izerinde olmasi test puanlarinin giivenirligi icin genel olarak yeterli goriilmektedir
(Buyukoztirk, 2007). Glvenirlik analizinden elde edilen bu bulgular, hem 6lgegin bitiiniinde hem de
faktorler bazinda kabul edilebilir diizeyde glivenirlige sahip oldugunu gostermistir.

Bu galismanin sonuglari, 36 ¢oktan se¢meli soru ve alti sayi duyusu bileseninden olusan SDT'nin
sekizinci sinif 6grencilerinin sayr duyu becerilerini belirlemede gecerli ve glvenilir bir ara¢ oldugunu
gostermistir. Bu baglamda bu ¢alismanin Tirkiye’deki sinirli sayida olan sayi duyusu testlerine ve sayi
duyusu konusunda yapilacak olan ¢alismalara katki sunmasi beklenmektedir.

Arastirma ve Yayin Etigi Beyani

Arastirma sirecinde Yiiksekégretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde yer alan
tim kurallara uyulmus ve yénergenin ikinci bolimiinde yer alan Bilimsel Arastirma ve Yayin Etigine Aykiri
Eylemlerden hicbiri gergeklestirilmemistir.
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Appendix 1.

Examples Items of the Number Sense Test

Number Sense
Component

Sample Item

C1. Understanding the
meaning of numbers
(7 items)

M2. Which of the numbers below is the biggest? (Facun & Nool, 2012)

499 500 4568 4569
A)=—B)—C)—D)—
500 '501 '4569 4570

M11.Which of the following is between 0.45 and 0.452 repeating decimal fractions?
(SBS 2012)

C2. Equivalent
representation of
numbers (7 items)

C3. Effect of the
operations on numbers
(6 items)

A)0.451  B)0.455  C)0.453 D)0.457

M12. Which of the following is the number equal to 574?

A) 0.0005 B) 0.0002C) 0.0016 D) 0.0025

M21. What is the percentage of the shaded area on the

right?
A)30% B)60% C)80% D)160%

M24. Please mark the closest answer without calculating the result of the gxz =?

operation?

A) Less than g B)g C)More than g D) I cannot do without calculation

M38. Which of the following operations gives the greatest result?

A)29+0.8 B)29x0.8 C)29+0.8 D)29-0.8
C4. Use of reference M109.
points in the )| TT TR Considering the length of|AB|, which of
measurement (8 items) = = the following would be true when the
- I B perimeters of the K and L shapes are
| compared?
1] L
\

A) The circumference of K is smaller than the circumference of L.

B) The circumference of L will be smaller than the circumference of K.
C) The circumference of K is equal to the circumference of L.

C) The circumference of K is 2 times the circumference of L.

M27. Which of the following fraction sums is greater than 1? (Gulbagci Dede, 2015)
5 3 .7 5 1 4 .5 8
A=+ -B)—+=0)—-+-D)-+—
11 7 715 12 72 979 15

C5. Mental calculation
(5 items)

7,21
,21x 3,86 _»

M3. Which of the following is closest to the result of the 009

7x3_7x4_7x3_7x4
A) LB)LC)LD)L
10 10 11 11
M16. What is the approximate value of the side length of a square garden with an area
of 150 m?? (SBS 2010)
A) 7m-8m B)9m-10m C)1lm-12m D)12m-13

C6. Quantitative
reasoning and inference
(5 items)

M1. One teacher for every 12 students will attend the school trip. If 110 students are
going on the trip, how many teachers should attend at least? (TIMSS 2007)
A7 B) 9 C) 10 D) 11

M26. With a ticket for a toy in a playground, the game can be played for a maximum of
4 minutes. How many tickets are required to play the game for 9 minutes?

A)2 B) 2% C)3 D) Not enough information is given.
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Ek 1.

Say1 Duyusu Testinde Yer Alan Bilesenler ve Soru Ornekleri

Sayi Duyusu Bileseni

F1. Say Bilgisi
(7 madde)

Ornek Madde

M2. Asagidaki sayilardan hangisi en blytiktir? (Facun ve Nool, 2012)
499 500 4568 4569

A) — B) —— C) D) ——
500 501 4569 ' 4570

M11.Asagidakilerden hangisi 0,45 ile 0,452 devirli ondalik kesirleri arasinda vyer alir?
(SBS 2012)
A) 0,451

B)0,455 () 0,453 D)0,457

F2. Sayilarin Denk
Gosterimi (7 madde)

M12. 5% sayisi asagidakilerden hangisine esittir?
A) 0,0005 B) 0,0002C) 0,0016 D) 0,0025

mM21. Yandaki tarali bolgenin tamaminin ifade ettigi yuzdelik
deger (%) bakimindan karsiligi nedir?

A)%30 B)%60 C)%80 D)% 160

F3.Sayilarda
islemlerin Etkisi
(6 madde)

2 5 _. . . .
M24. ng =? isleminin sonucunu hesaplama yapmadan en yakin cevabi isaretleyiniz?

A) g den daha az C)§ den daha fazla

yapamam

B)§ e esittir D) Hesaplayamadan

M38. Asagidaki islemlerden hangisi en bliylk sonucu verir?

A)29:0.8 B)29x0.8 C)29+0.8 D)29-0.8
F4. Olgmede Referans  M19.
Noktasi Kullanimi (8 )| ITTR |AB| uzunlugunu géz éniine alarak K ve L
madde) sekillerinin ~ cevrelerini  karsilastirirsak
— ! B asagidakilerden hangisi dogru olur?
\

A) K’'nin gevresi, L'nin gevresinden kiigiik olur.
B) L'nin gevresi, K'nin gevresinden kiglk olur.
C) K’'nin gevresi, L’'nin gevresine esit olur.
C) K'nin gevresi, L'nin gevresinin 2 katidir.

M27. Asagidaki hangi kesirlerin toplami 1’den buyuktir? (Glilbagci Dede, 2015)

5 3 7 5 1 4.5 8
A)H-l_ > B)1_5+E C);+;D);+E
— 721x3,86 .
FS. Zihinsel M3. Asagidakilerden hangisi al islemin sonucuna en yakindir?
Hesaplama 10,09
A)7x3 B) 7x4 0 7x3D) 7X4
(5 madde) 10 10 11 11
M16.Alani 150 m? olan kare seklindeki bir bahgenin bir kenar uzunlugu, hangi metreler
arasindadir? (SBS, 2010)
A) 7m-8m B)9m-10m C)11lm-12m D)12m-13m
F6. Niceliksel M1. Okulun diizenledigi gezilere her 12 6grenci igin 1 6gretmen katilacaktir. Geziye 110

Muhakeme ve
Cikarim (5 madde)

Ogrenci gidiyorsa en az kag 6gretmen katilmalidir? (TIMSS, 2007)
A7 B)9 C) 10 D) 11

M26. Bir oyun parkindaki oyuncak igin alinan bir bilet ile en fazla 4 dakika oyun
oynanabilmektedir. 9 dakika oyun oynayabilmek icin kag bilet almak gerekir?

A)2 B) 2% C)3 D) Yeterli bilgi verilmemistir.
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