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The current study examines preschool teachers' pedagogical content knowledge of
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using a content analysis method, and the results were divided into three categories:
student knowledge, pedagogical knowledge, and curriculum knowledge. The results
showed that preschool teachers valued counting principles in mathematics classes and
frequently incorporated game-integrated activities into their lessons to help students
with counting. The most emphasized student errors by preschool teachers were one-to-
one correspondence and the principle of cardinality. The results further suggested that
teachers lacked pedagogical content knowledge of the part-whole relationship because
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g they could only connect it to addition and skip counting. They interpreted the part-to-
whole relationship of numbers as equal sharing, it was further discovered. It was worthy
. of note that the participants did not mention subitizing, or conceptual and perceptual
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subitizing, but managed to list the features of subitizing accurately while talking about
the examples given. In order to improve teachers' pedagogical content knowledge, in-
service seminars or trainings can be organized that emphasize the relationships
between numbers (part-whole relationship, subitizing, etc.).
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Makale Gegmisi: bilgilerini 6grenci bilgisi, 6gretim bilgisi ve 6gretim programi bilgisi bilesenleri

Gelig 13.07.2023 gergevesinde incelemektir. Calismada nitel arastirma yéntemi benimsenmistir. Veriler,

Dizeltme 14.04.2024 farkll mesleki deneyim yillarina sahip dokuz okul éncesi 6gretmeniyle yapilan yari

Kabul 29.04.2024 yapilandiriimis gérismeler aracihgiyla toplanmistir. Verilerin analizinde igerik analiz

yontemi kullaniimistir. Calismada elde edilen bulgular 6grenci bilgisi, 6gretim bilgisi ve
Ogretim programi bilgisi olmak tzere Ug baslk altinda siniflandiriimigtir. Calismanin

*This study was presented as an “oral presentation” at the Conference 5th International Symposium on Turkish Computer And
Mathematics Education (Turcomat-5), Alanya University between 28th-30th October 2021.
**Corresponding Author: nurcan0503@hotmail.com


https://dergipark.org.tr/tr/pub/cuefd

Satan, Aksakal, Bagdat & Kayhan Altay — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 53(2), 2024, 652-680

Anahtar Kelimeler: sonuglari, okul ©ncesi Ogretmenlerinin matematik siniflarinda sayma ilkelerini
Okul Oncesi Ogretmeni, onemsedikleri ve derslerinde agirlikli olarak oyun igine entegreli sayma ilkelerini
Pedagojik Alan Bilgisi, gelistirici etkinlikler kullandiklarini géstermektedir. Okul dncesi 6gretmenlerinin en gok
Sayma ilkeleri, vurguladiklari 6grenci hatalar bire bir esleme ve kardinal deger ilkesi olmustur.
Parca-Biitiin iliskisi, Calismada 6gretmenlerin parga buttn iliskisi ile ilgili pedagojik alan bilgisi eksiklerinin
Sipsak Sayma. oldugu, parga bitin iligkisini toplama islemi ve ritmik sayma ile iliskilendirebildikleri

gorilmustur. Ayrica sayilarin parga-bitiin iliskisini es paylastirma olarak algiladiklari
belirlenmistir. Okul 6ncesi 6gretmenlerinin sipsak sayma, kavramsal ve algisal sipsak

Arastirma Makalesi sayma kavramlarini ifade etmedikleri fakat goériisme sorularinda verilen &rnek
durumlarda kavramlarla ilgili 6zelliklerden dogru bir sekilde bahsettikleri gorilmustir.
Ogretmenlerin pedagojik alan bilgilerini gelistirmek amaciyla sayilar arasindaki iliskilere
(parga-butin iligkisi, sipsak sayma gibi) vurgu yapan hizmet igi seminerler veya egitimler
diizenlenebilir.

Introduction

The foundation for future mathematics education is laid by early mathematics instruction acquired
during those years. (Clements & Sarama, 2011; Dursun, 2009; Polignano, 2014). Without a doubt,
preschool teachers have the biggest impact on developing engaging and productive learning
environments in the early years. Teachers need adequate pedagogical content knowledge because they
are responsible for organizing, planning, and carrying out the education and training process. This refers
to their capacity to share with their students the knowledge they have about particular disciplines
(Shulman, 1986). The first studies on preschool teachers' mathematical pedagogical content knowledge
define this type of knowledge as information on how to teach the target concept or knowledge to children
(Lee, 2010; Smith, 2000). Mathematical pedagogical content knowledge is the knowledge about how to
analyze and develop children's mathematical skills and how to support this development in formal and
informal environments (Blomeke et al., 2015). In the conceptual frame created by Ball, Thames and Phelps
(2008) based on Shulman’s (1986) model of teacher knowledge, the knowledge required by teachers to
teach mathematics is divided into two main categories, namely content knowledge and pedagogical
content knowledge. Pedagogical content knowledge is divided into three categories: knowledge of
content and students, knowledge of content and teaching and knowledge of content and curriculum. In
this study, pedagogical content knowledge; It was examined under three components: student
knowledge, teaching knowledge and curriculum knowledge. The three components of this study's review
of pedagogical content knowledge are knowledge of students, knowledge of teaching, and knowledge of
curriculum. Knowledge of content and students refers to the combined knowledge related to
mathematics and students. Accordingly, teachers know how students think, choose activities and
exercises, which is the definition of knowledge of students (Ball et al., 2008). Knowledge of content and
teaching is defined as the knowledge one needs to prepare a mathematics class (Ball et al., 2008). Finally,
knowledge of content and curriculum refers to the knowledge of mathematics, the knowledge and use of
the available materials, and knowledge of horizontal and vertical curricula.

Studies have highlighted the significance of preschool teachers' pedagogical content knowledge for
students' acquisition of mathematics (Gasteiger & Benz, 2018; Ginsburg, 2016; Lee, 2017; McCray & Chen,
2012; Tian & Huang, 2019). It is thought that this situation will have an impact on preschool teachers'
practices for teaching mathematics, so it is thought necessary to look into their knowledge of pedagogical
content. Preschool teachers in this paper refer to instructors of kindergarten, pre-kindergarten, or
preschool. This study examined the preschool teachers' pedagogical content knowledge with regard to
counting principles, the part-whole relationship between numbers, and subitizing. The one-to-one
principle, stable-order principle, cardinal principle, abstraction principle, and order-irrelevance principle
are the five counting principles (Gelman & Gallistel, 1986). The stable-order principle follows the same
order in every count, whereas the one-to-one principle refers specifically to each object in a group being
counted once (Gelman & Gallistel, 1986). According to the cardinal principle, the number name assigned
to the final item in a collection of objects serves as a proxy for the total number of items in the collection
(Sarnecka & Carey, 2008). Children occasionally forget that the last number they said represented the
number of objects in the group, even though they may have counted correctly. According to Gelman and
Gallistel (1986), this principle is connected to the one-to-one and order-irrelevant principles. Children will
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be able to comprehend the abstraction principle once they are aware that all objects, including toys,
things, pens, and other items, can be counted (Gelman & Gallistel, 1986). Children understand that objects
do not have to be the same when counting using this principle, in other words (Sperry-Smith, 2016).
Finally, if you count from the beginning, middle, or end, the outcome will remain the same according to
the order-irrelevance principle. Children may find it difficult to understand this concept, so teachers must
explain to them that it doesn't matter where they begin counting because the outcome won't change
(Glven, 2005). Children who struggle with these concepts may not be able to fully comprehend what
numbers are, understand how to perform numerical comparisons, or comprehend the concepts that are
important in the elementary school mathematics curriculum (Sarnecka & Wright, 2013).

Another important skill that needs to be learned in the early years is the part-whole relationship, which
refers to the capability of realizing that numbers are made up of two or more parts. Understanding the
relationship between parts and wholes of numbers enables one to comprehend the relationship between
the commutative property, addition, and subtraction, as well as mathematical concepts like equality
(Clements & Sarama, 2009), as well as the number combinations that make up the whole (Baroody, 2016;
Schmittau, 2004). While some researchers believe that children's counting skills are the foundation of the
part-whole relationship, others believe that children's counting skills must first be improved in order to
understand the part-whole relationship (Davydov, 1982; Neuman, 1987; Schmittau, 2004). The
relationship between a set and its subset, which are represented by numbers, is implied by the terms
"part" and "whole" (Fisher, 1990). For instance, the number 10 is made up of the combinations (3, 7), (4,
6), (2, 3, 5), and (1, 3, 6). While making these combinations, children come to notice the commutative
property (Ekdahl, 2021); in other words, they understand that the whole is stable even if the numbers in
combination change places. When studying topics like geometry, fractions, algebra, and equations in
advanced level classes, children frequently refer to the part-whole relationship. When considered from
this point of view, learning the part-whole relationship in early childhood in a meaningful manner may
have a positive impact on advanced arithmetical skills. What’s more, considering the materials, practices
and activities used in children of the part-whole relationship different representations, concrete
materials, stories, games, and fingers are observed to be used in general (Ekdahl, 2021; Hunting, 2003;
Sinnakaudan et al., 2016).

Another significant skill, subitizing, refers to the ability to identify the number of elements in a set in
an instant, without counting (Clements, 1999), which some researchers believe is a more basic skill than
counting (Klahr & Wallace, 1976; Schaeffer et al., 1974). Subitizing is analyzed under two categories:
conceptual subitizing and perceptual subitizing. Accordingly, perceptual subitizing is a more primitive skill,
defined as the ability to recognize any number under 5 without drawing upon any learned mathematical
knowledge; while conceptual subitizing, on the other hand, is interpreted as the ability to recognize a
number as a combination of others or as a whole number, making use of numerical patterns (Clements,
1999; Olkun & Ozdem, 2015). Dices, dominoes and dot cards are used in subitizing activities (Bobis, 2008).
In subitizing activities where participants are shown dot cards and asked the number of dots, the
perceptual subitizing of children may differ depending on the gaps between, directions and colors of the
dots. It has been observed during activities that children come up with such ideas as the smaller the gaps
perceived, the greater the number of dots (MacDonald, 2013, 2015). It has further been observed during
studies that subitizing skills can be improved through the use of proper materials and activities, aiding
children in combining and divide numbers mentally (Bobis, 2008).

Studies on counting principles, part-whole and instant counting concepts show how important the
development of number sense (Bobis, 2008; Clements, 1999) and teaching the concept of number in the
preschool period (Aumann et al., 2024; Bjorklund et al., 2020; McCray & Chen, 2012; Tian & Huang, 2019)
reveal. It is stated that focusing on the pedagogical content knowledge of preschool teachers is a turning
point to promote the professional development of teachers and the quality of early childhood education
(Gasteiger & Benz, 2018; Ginsburg, 2016; Kutluca, 2021; Lee, 2017; McCray & Chen, 2012; Smith, 2000;
Tian & Huang, 2019). It is also emphasized that mathematics teaching and learning is important in early
childhood education (Aumann et al., 2024; Bjorklund, 2014; Bjérklund & Barendregt, 2016; Bjérklund et
al., 2020; Clements & Sarama, 2011; Dursun, 2009; Hachey, 2013; Polignano, 2014; Torbeyns et al., 2024).
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In line with this importance, this study aims to examine the pedagogical content knowledge of preschool
teachers regarding the concept of number and the relationships between numbers. The research question
of the study is “What pedagogical content knowledge do preschool teachers have of counting principles,
the part-whole relationship and subitizing?” The sub-problems, on the other hand, can be listed as follows:

e What student knowledge do preschool teachers have regarding counting principles, the part-
whole relationship and subitizing?

e What teaching knowledge do preschool teachers have regarding the teaching of such concepts
as counting principles, the part-whole relationship and subitizing?

e  What curriculum knowledge do preschool teachers have regarding counting principles, the part-
whole relationship and subitizing?

Method
Research Model

Since it was aimed to examine the perceptions of preschool teachers about the concept of number
and the relationships between numbers through interviews, the use of phenomenology design, one of
the qualitative research methods, was deemed appropriate. Phenomenological design is expressed as
making meaningful the experiences of a group about a phenomenon or a situation (Creswell, 2007). It is
aimed to focus on phenomena that are aware but do not have a deep and detailed understanding (Yildirim
& Simsek, 2018). What is meant by facts here are events, experiences, tendencies, perceptions, concepts
and situations. The phenomenological design creates a suitable research basis for studies that aim to
investigate phenomena encountered in daily life but whose full meaning cannot be understood (Yildirim
& Simsek, 2018). In this context, the use of this design was deemed appropriate since the aim of the
research was to investigate how the concept of number, which is a well-known situation, and the
relationships between numbers are perceived by the participants.

Study Group

Participants in the study were nine preschool teachers with various years of experience employed in
public schools in different provinces in Turkey. It was deemed appropriate to use easily accessible and
criterion sampling methods, which are among the purposive sampling methods, together in determining
the participants of the study (Patton, 2005). The criteria in the study were determined as follows: The
participants were pre-school teachers working in a public school and had different years of professional
experience. By selecting people with different professional seniority, data sources were diversified. This
situation was deemed important in terms of reaching multiple realities by revealing different perceptions,
experiences and perspectives. In our country, early childhood education is given to children aged 36-72
months (MoNE, 2013). The curriculum is designed with a holistic approach, and the child's social,
emotional, motor, cognitive, language development areas, etc. combine their skills. On the other hand,
teacher characteristics are seen as one of the main determinants that affect the quality of early childhood
education and the development of the child (MoNE, 2013). The participating teachers enrolled voluntarily
and were ranked in descending order based on their years of experience, without using their names. The
participants of the study are given in Table 1.
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E:)t‘:jblution of Participants Based on their Education Levels and Years of Experience
Education Level Years of Experience Pre-school Teachers
Bachelor’s Degree — Early Childhood Education 1vyear Teacher 8, Teacher 9
Master’s Degree 5 years Teacher 6, Teacher 7
Bachelor’s Degree - Early Childhood Education 6 years Teacher 5
Bachelor’s Degree- Early Childhood Education 9 years Teacher 4
Bachelor’s Degree- Early Childhood Education 11 years Teacher 3
Bachelor’s Degree- Early Childhood Education 13 years Teacher 2
Bachelor’s Degree- Early Childhood Education 16 years Teacher 1

As can be seen in Table 1, two of the teachers had a non-thesis master’s degree, while the others had
bachelor’s degrees. Of the sample, the most experience (16 years) was reported by one of the
respondents, while two of the respondents reported the shortest experience of 1 year.

Data Collection Tools

Semi-structured interviews were conducted with the preschool teachers to gain a deep understanding
of their pedagogical content knowledge related to counting principles, the part-whole relationship and
subitizing. Semi-structured interview questions were created by the researchers using the relevant
literature (Macdonald, 2013; MacDonald & Shumway, 2016; Sinnakaudan, et al., 2016). While preparing
the interview questions, the importance of using teaching scenarios in the literatiire was taken into
consideration and questions werw prepared (Lee, 2017; McCray & Chen, 2012) accordingly. The first three
tasks (1, 2 and 3) related to the mathematics education in the early years, the following two (4 and 5)
related to counting principles, after which three tasks (6, 7, and 8) were about subitizing and the final
three tasks (9, 10, and 11) were about the part-whole relationship. The subitizing tasks were created by
using the studies of Macdonald (2013), and MacDonald and Shumway (2016). The tasks about the part-
whole relationship, on the other hand, were adapted from the tasks put forward in the study by
Sinnakaudan, Kuldas, Hashim and Ghazali (2016). The other three tasks were created by the researchers
themselves based on a literature review. Such questions and sub-questions as “What do preschoolers
learn about mathematics?” and “What kind of activities do you do with preschoolers to teach them
numbers and to help them acquire counting skills?” were asked to investigate the mathematics learned
by preschoolers. The objective was to reveal the knowledge of the students and pedagogy through sample
cases, considering counting principles, and the objective was similar for the concepts of subitizing and the
part-whole relationship. The participants were expected to think about their class environments, and to
interpret the sample cases based on their own students.

For the content validity of the prepared interview form, the expert opinions of two mathematics
educators from different universities who work in the field of preschool were consulted and their opinions
were received as to whether the form was suitable for the research problem. According to expert
opinions, some questions were edited, or some questions were removed from the interview form. When
the interview form was finalized, a pilot study was conducted with a preschool teacher who had similar
qualifications to the participants. The purpose of the pilot study is to understand whether the designed
interview questions are understandable by the participants, to determine the necessary corrections
accordingly, and to test whether the questions to be asked are capable of revealing the participants'
thoughts. At the end of the pilot study, corrections were made to some questions that were not clear or
understandable. The first version of the interview form was designed as 15 questions, but the number of
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questions was reduced to 11 by taking into account the opinions of experts and the results of the pilot
study. Figure 1 presents some of the semi-structured interview tasks (4, 7 and 9).

Figure 1

Semi-Structured Interview Question Examples.

Task 4) Example of a question on

Task 7) Example of a question

Task 9) Example of a question on

(Presented in red)

Above are 10 cubes. If you ask your
students to count the cubes here, what
kind of solutions can come? If you ask
how many cubes there are in total, what
are the possible answers that children can
give to this question?

The images above are shown to the
students one by one. Then they are
expected to remember the number
of dots on the cards.

Which image is easier for them to
say/remember, in terms of the
number of dots? Why?

the knowledge of students, with | on the knowledge of | the knowledge of students and
regards to counting principles students, with regards to | pedagogy, with regards to part-
subitizing whole relationship
Task 4) Task9)
TaskT)
(Presented in green) [ ]
’ (X ] (1] ]
"0 "
[
' ' ' ' ] A [ Ll . o0 . [] Ist case 2nd case

“Asmin gathered 8 spiders for her
experiment (1st case). When she starts
the experiment, she realizes that some of
the spiders are missing. Some of Asmin's
spiders are hidden under the lid of the jar
on the table (2nd case). How many
spiders are hidden under the jar lid?”

- How do you think children will solve
this problem?

- How would you explain this problem
to children?

Data Collection Process

Before the data collection process began, the Ethics Committee Permission Certificate (Hacettepe
University Ethics Commission, 22.02.2022, E-35853172-600-00002061287) required for the application
was obtained. The interviews were held in one session (40 minutes) via the Zoom platform and were video
recorded. Permission was obtained from the participants for video recording. The interviews were based
on voluntary participation and all interviews were conducted by the same person (the first author) in
order to reduce the interviewer effect. In order for the participants to answer the questions carefully and
sincerely, they were informed about the purpose and importance of the study before the interview and
the questions from the participants were answered.

Data Analysis

Due to the nature of qualitative research, the data obtained in the study were used for assessment
purposes rather than for generalizations (Fraenkel et al., 2012). The data obtained in this research was
used for evaluation purposes. The data obtained through the interviews with teachers were analyzed
using qualitative techniques. The audio recordings obtained from the interviews were listened to and
converted into written text format. Content analysis was used to analyze the data. An attempt was made
to determine codes and themes from the data obtained from interviews with teachers. For the reliability
of data analysis, the data were clearly and precisely defined by each researcher in the form of separate
codes and themes. The coding made by the coders independently were compared, and for the coding that
were different, the researchers came together, discussed these codes, and reached a consensus. Thus,
the validity and consistency of the analysis is increased. The coding was tested on a sample data set and
the entire data was encoded with revised codes. Finally, it was calculated how often certain opinions or
units of analysis of the participants were repeated under each theme or code. The data obtained from the
interviews with the teachers were discussed under three headings student knowledge teaching
knowledge and curriculum knowledge. The codes and themes determined by the researchers, taking into
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account the answers and examples given by the teachers during the interviews, are presented in the
findings section by making direct quotations from the teachers' answers. Thus, the validity and reliability
of the research was increased with direct quotations and detailed explanations. For transferability, which
is another condition that ensures the validity of the research; In order to ensure the transferability of the
results of the research to a new participant population in different situations, detailed information about
the participant characteristics and the process is provided. At the same time, the scope and limitations of
the research are clearly stated and the scope and context in which the research results can be discussed
and evaluated are explained. The dialogues of the participants are presented without modification in
accordance with the original.

Findings

In this section, the findings related to pedagogical content knowledge of preschool teachers are
presented on the basis of sub-problems.

1. Findings Related to Knowledge of Students

The preschool teachers’ remarks about the counting principles, subitizing and the part-whole
relationship within the scope of knowledge of their students were categorized under three themes,
namely student strategies, student mistakes and student characteristics, are presented in Table 2. As can
be understood from Table 2, most teachers focus on student strategies.

Table 2
Codes and Themes Related to the Knowledge of Students

Themes Relevant Codes
concepts

Participants

Counting from the start 71,23,4,57,38,9

Counting all 2,4,3,56,7,9
Counting  Paying attention to the characteristics of 1,2,3,56,8
principles  objects
Classifying according to color and counting 1,2,5,6,8
Starting in the middle, starting from the edge, 2,3,6,7,9
counting randomly
Emphasizing different objects 2,6,8
Student Counting separately 2,7
Strategy Associating the sequencing of the dots on 1,2,3,4,5,6,7,8,9
subitizing cards with geometrical shapes
Subitizing  Remembering three dots side by side 1,2,3,5,6,9
Mentioning five or three dots 1,3,4,5,7,9
Counting silently 2,3,4,58,9
Not being able to identify more than 4 items 2,6,8
Adding or subtracting 1,2,3,4,7,8,6
Trying to equalize 2,7,8,6
Part- Matching with the other set (group) 2,3,5,6
whole Counting non-visible (hidden) objects by 2,4,8
imagining
Counting on 4,5,8
Realizing number combinations 2,5
Counting  Re-counting objects 1,6,3,4,7,8,9
principles  Not being able to tell the total number 3,6
Student (cardinal value)
Mistakes Not being able to make one-to-one 2,3

correspondence
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Subitizing  Making a mistake when the number of dots 6,4
increases
Spatial sequence 5,6
Difficulty in subtraction 2,5
Part- Under-counting or over-counting 1
whole Experiencing difficulties with non-visible 3
objects
Student Individual difference 1,6,7,9
Characte Gender difference 1,6,7
ristics Age difference 13,6
Readiness 2

T represent teachers

In general, the emphasis of the teachers was on student strategies within the scope of the knowledge
of students. In terms of counting principles, the student strategies emphasized most by the teachers were
counting from the start and counting all regardless of colors. Most respondents commented on counting
from the start as follows: “They would start in the top left, finish the greens and then start the reds. We
have to try it with children, though. But | think they will count like that.” (T5). Here, T5 expressed her/his
views on students’ approach to counting the unit cubes presented in the fourth task. In this task, children's
counting strategies were examined while they were given with four cubes in two different colors. The
point they described as top left is the starting point of the cubes.

In the task about subitizing (task 7), the different student strategies they mentioned included
associating the sequencing of dots on subitizing cards with geometrical sequences, remembering three
dots easier when presented in linear and trying to count. One of the responders made the following
comment regarding the children’s association of geometrical sequences with the dot-sequencing on
subitizing cards: “We use the circle sequences a lot with children, like in the form of a ball, circle, etc. |
think they use those sequences and then remember them.” (T1) The student preference for dot patterns
in the shape of geometric sequences, such as circles, and the task of which sequences or dot pattern was
remembered faster when students were shown subitizing cards led to T1's remark.

In the part-whole relationship tasks (task 9 and 10), most of the participants mentioned adding or
subtracting and attempting to equalize strategies. When asked about adding or subtracting, one of the
respondents said:

“I think | can help students to gain subtracting skills by covering it (spiders) with their hands, or with
an object. | think, by using the technique | thought, they can solve the question by covering it with their
hands.” (T7, for task 9)

Responding to a task about the number of spiders under a jar lid, T7 said that children would answer
the task by subtracting.

The list of student mistakes included counting items more than once, making mistakes as the number
of dots increased, and having trouble with subtraction. Participants must be conscious of children errors.
One of the respondents mentioned the topic of counting items more than once:

“..Well, | mean if there are many objects, and | want them to count, and the objects are not placed in
a sequence, | ask them to put a small marker to avoid confusion. | tell them to draw a dot or a small line
so that they know those objects have been counted, as sometimes children turn back and re-count them.
To avoid re-counting, | ask them to draw a small mark. Some of them start counting from the middle and
then move to the edges, some start from the far edge and count until the end, and others start from the
other end.” (T6)

The teacher mentioned that when children count objects, situations such as counting the counted
object again may occur. This shows that teachers are aware of student mistakes. Under the student
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characteristics theme, such codes as individual differences, gender difference, age and readiness were
obtained, although these characteristics were mentioned by very few of the respondents.

2. Findings Related to Knowledge of Teaching

Table 3 shows the codes and themes related to the knowledge of teaching under the topics “methods
and techniques used by teachers” and “teaching strategy for mathematical concepts.”

Table 3
Codes and Themes Related to Teaching Knowledge
Themes Codes Participants
Playing games T1,2,3,4,5,6,7
Methods and Using concrete materials 2,3,6,8,9
Techniques Repetition 1,2,3,4
Used by the Using geometric arrays 1,2,4
Teacher Association activities 3,6
Giving lots of homework 1,2
Conducting group activities 8
Equal-sharing 56,7,8
Doing number exercises, sequential counting 1,2,3,6
Teaching making numerical comparisons 38
Strategies for Paying attention to different and similar concepts 3
Mathematical while counting objects
Concepts used Performing simple additions 16
by the Teacher Classification, sorting, one-to-one correspondence 6
Performing grouping exercises 3

In Table 3, listing the methods and techniques used by the teacher, it can be seen that most of the
respondents mentioned playing games, the use of concrete materials (beans, beads, sticks, pencils, etc.),
and repetition, while group activities were mentioned only by T8. Giving lots of homework, on the other
hand, was mentioned by two participants. The views of some of the respondents regarding playing games
and the use of concrete materials, as the most common themes within the methods and techniques used
by the teachers, are presented below:

“For example, within the scope of knowledge of numbers and counting skills, they love playing with
racetrack. We write numbers on glasses. When children pass the racetrack they reach a glass, and if it says
one on it, they put one pom-pom in it, if it says two, then they put two, or if it says three, they put in three
pom-poms. We have glasses numbered up to five, and the first student to place the correct number of
pom-poms in all five glasses wins the game.” (T5)

What the respondent emphasizes here is that children unconsciously acquire counting skills while
playing. This is a desirable situation as stated in early childhood education curriculum. As can be seen in
the quote above, preschool teachers stated that they use games based on cardinal values, which is a
number principle.

“Children learn that there are different sequences of numbers along the way. They learn that the total
amount will be the same, regardless of how you place the objects. For example, three on this side and
seven on that side, or four on this side and six on that side, they learn in time that when they add them up,
the total number will be the same. They will say they are the same only if the visual and the sequence are
the same. They need to practice to understand that the number is the same regardless of the sequence.
We count beans, sticks. We do number exercises. We count while playing.” (T2)

As can be seen in the quote above, preschool teachers emphasize the spatial relations of numbers,
and say that they use concrete materials to help children understand different sequences. T7 and T6 both
commented on the use of geometric sequences and association activities:
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“I mean it might be a square, triangle, circle. | do not know with what object they associate them.
Actually, I also do association activities, but we don't generally do them using the dots. We use the number
itself. Like for example | ask them what 1 looks like, or what 2 looks like. There is this book (El Ele) for pre-
schoolers issued by the Ministry of National Education. That book has similar exercises in it. We try to do
these exercises in the classroom environment, but we do not work with dots. My students would probably
associate it with only one object.” (T6)

In this section, the participants shared their views on which dots on subitizing cards would be
remembered by children. T6 stated clearly that they did not conduct exercises with dots. Within the scope
of the codes defined for strategies for the mathematical concepts used by the teacher, it was observed
that equal-sharing and sequential counting were mentioned most rather than number combinations.
Having said that, only one respondent (T8) mentioned such concepts as classification, sorting, one-to-one
matching and numerical comparisons. A participant’s opinion regarding the idea of equal-sharing is given
below:

“I would like what they share to be equal, if possible. | wouldn't work with an odd number. | would give
the fifth one to the one who did the sharing, for helping me ... As the children would know who did the
sharing, they would understand equal sharing. | think those five marbles or objects should be shared
equally among the children...” (T8)

As stated by respondent T8 above, odd numbers should not be given in equal sharing and numbers
should be shared equally. It creates a disadvantageous situation for children in terms of seeing different
combinations of these numbers. Below are examples of the participant approaches to number and
grouping exercises, i.e. the least commonly mentioned exercises.

“They start counting, e.g. one, two, etc., and continue up to five. Even though it was the beginning of
the year, | had them counting objects, for example. Most of them have counting skills. | guess families
teach them at home. They can count comfortably. They can easily count to 3 or 2, especially when the
number of objects is low. | wonder if they can count separately, like for example one car etc. Some people
may do it that way. For example, a student might say “Teacher, there is one guitar, there is one car, there
is one ball,” etc. Some of them count in order, like 1, 2, 3, and say 5 at the end. They rarely count one by
one, like one guitar, one car, etc.” (T2)

As can be seen from the example above, some children are unaware of the abstraction principle, i.e.
one of the number principles. As a matter of fact, they emphasize that the child cannot consider objects
independent of properties.

“We do grouping exercises. For example, we give them the number five, and ask them to count five,
ten, eleven. We have them group the objects. For example, we ask them to match the number five with
five balls. We say, “Let’s draw five lines under the number five”. We teach them the number five like this,
by linking the figure to the number.” (T3)

As can be understood from the statement of T3, teachers use grouping exercises to improve the one-
to-one correspondence and cardinal value principles, both of which are number principles. Furthermore,
the participants stated that children paid attention to the concepts of “different” and “the same” when
counting objects.

3. Findings Related to Knowledge of Curriculum

Finally, in Table 4, the codes and themes related to teachers' curriculum knowledge under
mathematical concepts and developmental characteristics are presented below.
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Table 4
Codes and Themes Related to Knowledge of Curriculum
Themes Codes Participants
Addition and subtraction T1,2,4,5,6,7,8,9
Mathematical Recognizing numbers 1,2,4,5,6,7,8
Concepts Skip counting (forward, backward) 2,3,4,56,7,9
Matching a specified number of objects 2,3,5,
Geometric shapes 4,5,7
Creating a pattern 3,4
Grouping 3,5
The concepts of large, small and opposite 3
Developmental Age-month variances of children 1,2,3,6,7
Characteristics
Age-month diversity of children 3,6,7
Cognitive education, Motor development 2,3,7,9

As can be seen in Table 4, most of the participants mentioned addition and subtraction, recognizing
numbers and skip counting under the theme of mathematical concepts, while the concepts of large, small
and opposite, grouping, and creating patterns were mentioned by only a few participants. The views of
T7 can be given as an example:

“Regarding mathematics, the plan involves recognizing the numbers from 1 to 10. However, depending
on the level of the class, we do other exercises, including addition and subtraction, counting backwards,
counting to 10, skip counting to 100, recognizing numbers and writing numbers correctly.” (T7).

From the viewpoint of developmental characteristics, such points as age-month variances and
diversity of children, cognitive education and motor development were highlighted by the respondents.
One respondent commented on age and qualifications:

“Learning is not the same for every age group. If we are dealing with young children aged of three or
four, we do not even start addition exercises. If they are five years old and will start primary school the
following year, they might develop those skills, especially if they are equipped.” (T3)

In general, it was found that preschool teachers were aware of some of these ideas even though they
did not use them, such as part-whole relationships, counting principles, or subitizing. When asked directly
about these concepts, participants primarily responded that they were unfamiliar with them or had only
recently learned about them; however, as the conversation went on, it became clear that some of the
teachers had implemented activities to teach these concepts in their classes. This shows that although the
participants do not use the concepts, they do activities related to these concepts in their classes.

Discussion & Conclusion

The understanding of counting concepts, part-whole relationships, and subitizing are essential abilities
acquired during early mathematics education. It is beneficial to examine preschool teachers' pedagogical
content knowledge of these important ideas because it will provide insight into how they teach. The
study's conclusions show that preschool teachers are concerned about the teaching of early mathematics.
The majority of those who participated in the interviews said that early mathematical knowledge and skills
are crucial for children's future success in mathematics.

662



Satan, Aksakal, Bagdat & Kayhan Altay — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 53(2), 2024, 652-680

The teachers discussed the counting errors made by young children when they were matching objects
one to one using counting principles and claimed that the order-irrelevance principle was no different.
For instance, during the interviews, some of the teachers mentioned that if children begin counting from
the middle of neatly organized items, they may count the same object twice. It is also noteworthy that
teachers also talk about the mistakes children made regarding the principle of cardinality. While talking
about the cardinality principle, teachers stated that when the question asked about the total number of
cubes, the children did not say that the last number said at the end of counting represented the number
of elements of the set, and they tended to count by going back to the beginning. Such mistakes are known
to be common until children develop counting skills (Gelman & Gallistel, 1986). Similarly, in Li’s (2021)
study preschool teachers stated student errors under the headings of one-to-one correspondence error
and cardinality principle errors.

Within the scope of curriculum knowledge, teachers were asked to evaluate the preschool curriculum
in the context of mathematics achievements. In the interviews, the teachers described their expectations
for elementary school readiness, including teaching children to recognize and write numbers, perform
addition and subtraction operations, recognize plus and minus signs, and learn forward and backward skip
counting. However, it was observed that teachers focused more on procedural knowledge such as
recognizing symbols, addition and subtraction, talked about these concepts independently of each other
without establishing a relationship between them, and did not emphasize the relationships between
numbers. Teachers' inability to make connections may be linked to the limitations of the achievements,
relevant explanations, and activities in the preschool curriculum. At the time the research was conducted,
the 2013 pre-school education program was being implemented in our country. When this program is
examined, even though there are some objectives pertaining to the concept of number, number
principles, and counting abilities, a review of the preschool curriculum currently being used in Turkey
revealed that there are no objectives emphasizing the relationships between numbers and number sense.
(MoNE, 2013). It is important to note that Singapore, a nation that frequently places first in international
exams, produced a national preschool curriculum booklet with a focus on number sense, the exact
opposite of Turkey's curriculum. Number sense concepts like "part-whole relationship" and "subitizing"
are listed in Singapore's curriculum, and examples of activities are provided to help these concepts
develop (MoNE, 2013). Sapul (2019) found that the curriculum used in Turkey does not help students
internalize the concept of numbers in their his study, which compared the mathematical content of the
preschool curricula in Singapore and Turkey. According to the study, if new preschool teachers follow the
curriculum, children won't learn how to count. Another discovery made in relation to curriculum
knowledge was that while some teachers stressed that the number of mathematical objectives in the
preschool education curriculum was low, others believed that the number was excessive. This shows that
teachers pay more attention to the situations exemplified in the program, rather than the development
of children.

From the perspective of pedagogical knowledge, it is clear that the majority of the preschool teachers
place a greater emphasis on general teaching strategies than on mathematical concepts, which is
consistent with the findings of Tian and Huang (2019). Most teachers mentioned playing games, using
concrete materials (beans, beads, sticks, pencils, and so on) and repetition when discussing the methods
and techniques used by the teachers. The respondents mentioned using game-integrated activities in
their lessons and that children unintentionally pick up counting skills and number sequences by playing
games. It is emphasized that all activities should be planned based on games in the basic principles section
of the preschool curriculum (MoNE, 2013). Similarly, the importance of using games has been expressed
in the literature (Aumann et al., 2024; Bjorklund et al., 2020; Lee, 2017; McCray & Chen, 2012). It was
emphasized by Aumann and others (2024) that playing games is one of the situations with mathematical
learning potential. In addition, attention was drawn to the importance of the interaction between the
preschool teacher and the child while playing games.

One of the remarkable results of this research is that most of the teachers who participated in the
research perceived the part-whole meaning of numbers as equal sharing. The fact that almost all the
teachers viewed the number combinations and the part-whole concept as equally sharing is one of the
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study's most notable findings. According to Sophian and McCorgray's (1994) study, students only learned
a limited knowledge about number combinations when it came to the part-whole relationship. In
response to a question regarding the lessons used to teach part-whole relationships, the teachers
mentioned using materials like Lego, dough, blocks, and beads. However, when discussing these topics,
they mainly focused on addition while ignoring the components of a whole number. Similar to Zhang's
(2015) study, this finding suggests that preschool teachers only have a cursory understanding of the part-
whole relationship of numbers. To help students understand the part-whole relationship between
numbers, teachers are expected to place emphasis on the various number combinations that make up
the whole.

The participants talked about their studies on using and simulating geometric shapes for questions
about which points on the quick counting cards could be remembered by children, and they clearly stated
that they did not carry out studies on these points. It was observed that teachers used the circle a lot in
the activities they developed, so when children were shown cards with dots, they stated that they
remembered the 5-dot card similar to the circle more easily. According to MacDonald’s (2013) research,
students' perceptual subitizing abilities varied according to the gaps between dots, the direction of the
symmetry, and the color of the dots. Most interviewees who were asked about subitizing responded that
it would be simpler to remember something with fewer dots. One of the participants, however, argued
that the sequences children worked with in class would be easier for them to remember. Furthermore,
some of the teachers were able to interpret the differences in the solutions children created while solving
conceptual and perceptual subitizing tasks. It was observed that the teachers tended to emphasize such
features as the spatial relationships of numbers and groupings.

Thanks to the classes they take during their bachelor's degree program, preschool teachers are
expected to have a sufficient pedagogical content understanding of numbers and counting principles
(Olkun et al., 2014; Tian & Huang, 2019). Mathematics education in early childhood course in a bachelor’s
degree programs for preschool teachers includes topics like the concept of numbers, counting abilities,
and the teaching stages of the concept of numbers. For one semester, this theoretical course is taught in
a three-hour-per-week format (Council of Higher Education, 2018). In light of teachers' pedagogical
content knowledge, it is believed that the content of these courses needs to be reorganized. In their study,
Dagli and Daglioglu (2021) criticized the lack of practical mathematics courses in bachelor's degree
programs for prospective preschool teachers and contended that this had a detrimental effect on
candidates' pedagogical content knowledge.

To increase their pedagogical content knowledge, teachers can participate in in-service seminars or go
through training. The relationships between numbers (part-whole relationships, subitizing, etc.) may be
emphasized in these seminars, and examples of activities, scenarios or cases may be covered. One of the
critical skills in the internalization of numbers and the development of counting skills is understanding the
part-whole relationship of numbers. Considering the contribution of these gains to arithmetic skills in the
future, it is inevitable that they should be included in the pre-school curriculum. Taking the part-whole
relationship of numbers into account in the preschool period in future program revision studies will
contribute to the development of children's arithmetic skills. The pedagogical content knowledge of
preschool teachers has been examined in this study from the perspective of the concept of numbers and
the relationships between numbers. The study is restricted to part-whole relationships in mathematics,
subitizing, and counting principles. By expanding the sample size, teachers' pedagogical content
knowledge can be examined holistically in future studies by considering different mathematical concepts
such as geometry and measurement.
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Tiirkge Siirimui

Giris

Erken ¢ocukluk doneminde matematik egitimi sonraki yillarda verilen matematik 6greniminin temelini
olusturmaktadir (Clements & Sarama, 2011; Dursun, 2009; Polignano, 2014). Erken donemde
zenginlestirilmis etkili 6grenme ortamlarinin olusturulmasinda en 6nemli rol hi¢ kuskusuz okul 6ncesi
dgretmenine diismektedir. Ogretmenin egitim-6gretim siirecinin planlayicisi, diizenleyicisi ve uygulayicisi
oldugu dusiinuldugilinde yeterli pedagojik alan bilgisine sahip olmasi 6nemlidir. Pedagojik alan bilgisi
O0gretmenlerin belirli disiplinlerle alakali hakim oldugu konulari 6grencilere iletebilme 6zelligi olarak
tanimlanmaktadir (Shulman, 1986). Okul 6ncesi 6gretmenlerinin matematiksel pedagojik alan bilgisine
yonelik ilk calismalar bu bilgi tiriini hedef kavramin ya da bilginin ¢ocuklara nasil 6gretilecegine iligkin
bilgiler seklinde tanimlamaktadir (Lee, 2010; Smith, 2000). Matematiksel pedagojik alan bilgisi cocuklarin
matematiksel becerilerinin nasil analiz edilecegi ve gelistirilecegi ile bu gelisimin resmi ve resmi olmayan
ortamlarda nasil desteklenecegi hakkindaki bilgidir (Blémeke vd., 2015). Ball, Thames ve Phelps’in (2008),
Shulman’nin (1986) 6gretmen bilgisi modelinden yola ¢ikarak olusturduklari kavramsal gergevede
O0gretmenlerin matematik 6gretmek igin sahip olmasi gereken bilgileri alan bilgisi ve pedagojik alan bilgisi
olarak iki temel bagslk altinda toplanmistir. Pedagojik alan bilgisi alan ve 6grenci bilgisi, alan ve 6gretim
bilgisi ve alan ve mifredat bilgisi olarak ti¢e ayrilmistir. Bu ¢calismada pedagojik alan bilgisi; 6grenci bilgisi,
ogretim bilgisi ve 6gretim programi bilgisi olmak tzere Ug bilesen altinda incelenmistir. Alan ve 6grenci
bilgisi matematik ile ilgili bilgiler ve 6grenciler hakkindaki bilgilerin birlesimi olarak agiklanmaktadir.
Ogretmenin &grencilerinin, diisiinme bigimlerini bilip buna ydnelik etkinlikler ve uygulamalar se¢mesi
6grenci bilgisini tanimlamaktadir (Ball vd., 2008). Alan ve 6gretim bilgisi matematikteki bir konuyla ilgili
ders hazirlayabilme bilgisi olarak tanimlanmistir (Ball vd., 2008). Son olarak alan ve mifredat bilgisi
matematik bilgisi, ders materyallerini bilme ve kullanma, yatay ve dikey mifredat bilgisi olarak
aciklanmistir.

Okul 6ncesi 6gretmenlerinin pedagojik alan bilgisinin ¢ocuklarin matematik 6grenimi icin énemli
oldugu calismalarda vurgulanmaktadir (Gasteiger & Benz, 2018; Ginsburg, 2016; Lee, 2017; McCray &
Chen, 2012; Tian & Huang, 2019). Bu nedenle okul 6ncesi 6gretmenlerinin pedagojik alan bilgisini
arastirmak gerekli goriilmekte ve bu durumun onlarin matematik 6gretim uygulamalarini etkileyecegi
distntlmektedir. Bu ¢alismada okul dncesi 6gretmenleri, anaokulu veya ana sinifi 6gretmenlerini ifade
etmektedir. Calismada okul 6ncesi 6gretmenlerinin pedagojik alan bilgileri; sayma ilkeleri, parga-bitin
iliskisi ve sipsak sayma bilesenleri agisindan 6érnek durumlar Gzerinden incelenmistir. Sayma ilkeleri; birebir
esleme, sabit sira, kardinal deger, soyutlama ve siranin 6nemsizligi seklindedir (Gelman ve Gallistel, 1986).
Bir gruptaki her bir nesne icin bir sayi s6zcgliniin sdylenmesi birebir esleme ilkesi, sayi sdzciklerinin her
farkh sayim icin ayni sirayi takip etmesi sabit sira ilkesi (Gelman & Gallistel, 1986), bir nesne grubunda en
son soylenen sayinin o gruptaki eleman sayisini temsil etmesi ise kardinal sayi ilkesi (Sarnecka & Carey,
2008) olarak ifade edilmektedir. Cocuklar saymayi dogru yapsalar da bazen son séylenen sayinin grubun
nesne miktarini ifade ettigini bilemeyebilirler. Gelman ve Gallistel'e (1986) gore bu ilke birebir esleme ve
siranin 6nemsizligi ilkeleriyle baglantilidir. Cocuklarin gesitli oyuncak, esya, kalem vb. yani her tirld
nesnenin sayllabilecegini anlamasi soyutlama ilkesini kazandigi anlamini tasimaktadir (Gelman & Gallistel,
1986). Yani bu ilkeyle birlikte sayma yaparken nesnelerin ayni olmasinin gerekmedigi anlasilir (Sperry-
Smith, 2016). Son olarak saymaya en bastan, ortadan ya da sondan baslanmasinin sonucu
degistirmeyecegi fikri siranin dnemsizligi ilkesi olarak agiklanmaktadir. Cocuklar bu ilkeyi anlamakta zorluk
yasayabilmektedir. Bu sebeple 6gretmenlerin ¢ocuklara saymaya nereden basladiklarinin 6nemli
olmadigini, bunun sonucu degistirmeyecegini fark ettirmesi gerekmektedir (Gliven, 2005). Cocuklar
gerekli ilkeleri anlamadiklarinda sayilarin ne oldugunu tam olarak idrak edemezler ve bu sebeple sayisal
islemleri, buyik-kiguk seklinde karsilastirma gerektiren durumlari veya ilkokul matematik programindaki
ilgili kavramlari anlamlandiramayabilirler (Sarnecka & Wright, 2013).
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Erken gocukluk doneminde kazanilmasi gereken énemli becerilerden bir digeri de sayilarin iki veya
daha fazla pargadan olustugunu fark edebilme becerisini ifade eden parga butiin iliskisidir. Sayilarin parga-
bitin iliskilerini anlamak, degisme, toplama ve ¢ikarma arasindaki iliskiler ve esitlik (Clements & Sarama,
2009) gibi matematiksel ilkelerin yani sira bitlini olusturan sayr kombinasyonlarinin (Baroody, 2016;
Schmittau, 2004) anlasiimasini saglar. Sayma becerisini parga butin iliskisinin temeli olarak géren
arastirmacilarin aksine bazi arastirmacilar parga-bitin iliskisini cocuklarin sayma becerilerinin gelisimi icin
on kosul olarak gérmektedirler. (Davydov, 1982; Neuman, 2013; Schmittau, 2004). Par¢a ve bitiln
terimleri; kiime, alt kiime iliskisini anlatmakta ve bu iliski sayilarla temsil edilmektedir (Fisher, 1990).
Ornegin 10 sayisi; (3,7), (4,6), (2,3,5), (1,3,6) gibi sayi kombinasyonlarindan olusmaktadir. Cocuklar bu
kombinasyonlari yaparken degisme 6zelligini de fark edebilmekte (Ekdahl, 2021) yani sayilarin yeri degisse
de bitlnin sabit kalacagini anlayabilmektedirler. Parga butin ilkesi ileri seviye siniflarinda geometri,
kesir, cebirsel ifadeler, denklemler gibi bircok konu alaninin igerigi geregi cocugun karsisina ¢ikmaktadir.
Bu sebeple ¢ocugun erken gocukluk doneminde parga butiin iliskisini anlamli 6grenmesi ileri seviye
siniflarindaki aritmetik becerilerini olumlu etkileyebilmektedir. Ayrica parca bitin iliskisi ile ilgili yapilan
arastirmalarda kullanilan materyal, uygulama ve etkinliklere bakilacak olursa; genelde farkh temsiller,
somut materyaller, hikayeler, oyunlar ve parmak gosterimi kullanildigi gérilmektedir (Ekdahl, 2021;
Hunting, 2003; Sinnakaudan vd., 2016).

Bir diger 6nemli beceri olan sipsak sayma (subitizing) bir kimedeki eleman sayisini saymadan aninda
kac¢ tane oldugunu gérme olarak tanimlanmistir (Clements, 1999). Sipsak saymanin sayma kavramindan
daha temel beceri oldugunu savunan gesitli arastirmacilar mevcuttur (Klahr & Wallace, 1976; Schaeffer
vd., 1974). Sipsak sayma kavramsal sipsak sayma ve algisal sipsak sayma olmak tizere ikiye ayrilmaktadir.
Algisal sipsak sayma daha ilkel bir beceri olup 6grenilmis herhangi bir matematik bilgisini kullanmadan
5’ten kiglk bir sayiyr tanimak olarak, kavramsal sipsak sayma ise sayisal oriintiilerden faydalanarak bir
saylyl diger sayl pargalarinin birlesimi veya bitiin bir sayr olarak tanima islemi olarak belirtilmistir
(Clements, 1999; Olkun & Ozdem, 2015). Sipsak sayma etkinliklerinde zar, domino ve nokta kartlari
kullaniimaktadir (Bobis, 2008). Belirli sayidaki noktalarin bulundugu kartlarin gosterilip kag tane noktadan
olustugunun soruldugu sipsak sayma etkinliklerinde kullanilan noktalarin arasindaki bosluga, yonlerine ve
renklerine gore cocuklarin algisal sipsak saymalarinda farkhliklar olabilmektedir. Uygulanan etkinliklerde
¢ocuklarin noktalar arasindaki algilanan bosluk miktari azaldiginda nokta sayisinin artmasi gibi farkli akil
yurttmeler yapabildikleri gorulmistir (MacDonald, 2013, 2015). Yapilan galismalarda uygun materyal ve
etkinliklerle gocuklarin zihinsel olarak sayilari birlestirme ve pargalamalari saglanarak sipsak sayma
becerilerinin gelistigi gérilmistir (Bobis, 2008).

Sayma ilkeleri, parca bitlin ve sipsak sayma kavramlari ile ilgili calismalar sayi duyusunun gelisiminin

(Bobis, 2008; Clements, 1999 ) ve sayi kavraminin okul 6ncesi donemde 6gretiminin ne kadar 6nemli
oldugunu (Aumann vd., 2024; Bjorklund vd., 2020; McCray & Chen, 2012; Tian & Huang, 2019) ortaya
koymaktadir. Okul 6ncesi 6gretmenlerinin pedagojik alan bilgisine odaklanilmasinin, 6gretmenlerin
mesleki gelisimini ve erken cocukluk egitiminin kalitesini tesvik etmek icin bir donim noktasi oldugu
belirtiimektedir (Gasteiger & Benz, 2018; Ginsburg, 2016; Kutluca, 2021; Lee, 2017; McCray & Chen, 2012;
Smith, 2000; Tian & Huang, 2019). Ayrica erken gocukluk egitiminde matematik 6gretimi ve 6greniminin
onemli oldugu vurgulanmaktadir (Aumann vd., 2024; Bjorklund, 2014; Bjoérklund & Barendregt, 2016;
Bjorklund vd., 2020; Clements & Sarama, 2011; Dursun, 2009; Hachey, 2013; Polignano, 2014; Torbeyns
vd., 2024). Bu calismada da bu 6nem dogrultusunda okul 6ncesi 6gretmenlerinin sayi kavrami ve sayilar
arasindaki iliskilere yonelik pedagojik alan bilgilerini incelemek hedeflenmistir. Calismanin arastirma
sorusu “Okul 6ncesi 6gretmenlerinin sayma ilkeleri, parca bitin iliskisi ve sipsak sayma ile ilgili pedagojik
alan bilgileri nasildir?” olarak belirlenmistir. Calismanin alt problemleri ise su sekildedir:

e  Okul 6ncesi 6gretmenlerinin sayma ilkeleri, parca-butin iliskisi ve sipsak sayma ile ilgili
ogrenci bilgileri nasildir?

e Okul oOncesi 06gretmenlerinin sayma ilkeleri, parga-bitin iliskisi ve sipsak sayma
kavramlarinin 6gretimine iliskin 6gretim bilgileri nasildir?
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e Okul 6ncesi 6gretmenlerinin sayma ilkeleri, parga-bitiin iliskisi ve sipsak sayma ile ilgili
O0gretim programi bilgileri nasildir?

Yoéntem
Arastirma Modeli

Okul 6ncesi Ogretmenlerinin sayl kavramina ve sayilar arasindaki iliskilere yoénelik algilarinin
goriusmeler Gizerinden incelenmesi amaglandigi igin nitel arastirma yonteminden olgu bilim (fenomenoloji)
deseninin kullanimi uygun gorilmistir. Olgu bilim deseni bir grubun bir olgu ya da bir durum hakkindaki
tecribelerinin anlamli hale getirilmesi seklinde ifade edilmektedir (Creswell, 2007). Farkinda olunan ancak
derinlemesine ve ayrintili bir anlayis sahibi olunmayan olgulara odaklanma amaglanmaktadir (Yildirnm &
Simsek, 2018). Buradaki olgulardan kasit olaylar, deneyimler, yonelimler, algilar, kavramlar ve
durumlardir. Gunlik hayatta karsilagilan ancak tam anlaminin kavranamadigi olgulari arastirmayi
amaglayan calismalar icin olgubilim deseni uygun arastirma zemini olusturmaktadir (Yildirrm & Simsek,
2018). Bu baglamda arastirmanin amaci bilinen bir durum olan sayi kavrami ve sayilar arasindaki iliskilerin
katilimcilar tarafindan nasil algilandigini arastirmak oldugu icin bu desenin kullanimi uygun gorilmastar.

Calisma Grubu

Arastirmanin katilimcilarini Turkiye’de farkli illerdeki devlet okullarinda gérev yapan farkli mesleki
deneyim vyillarina sahip dokuz okul Oncesi 6gretmen olusturmaktadir. Calismanin katilimcilarinin
belirlenmesinde amacgh o6rnekleme yodntemlerinden olan kolay ulasilabilir ile o6lgit o6rnekleme
yontemlerinin birlikte kullanilmasi uygun gorilmustlr (Patton, 2005). Calismadaki 6lgitler su sekilde
belirlenmistir: Katilimcilarin devlet okulunda gorevli okul 6ncesi 6gretmeni olmasi ve farkh mesleki
deneyim yillarina sahip olmasi. Farkli mesleki kideme sahip kisiler secilerek veri kaynaklarinin
cesitlendirilmesi saglanmistir. Bu durum farkli algilarin, deneyimlerin ve bakis acilarinin ortaya konularak
coklu gercekliklere ulagilmasi bakimindan énemli gérilmistir. Ulkemizde 36-72 aylik cocuklara okul
dncesi egitimi verilmektedir (MEB, 2013). Ogretim programi biitiinciil bir yaklasimla, ¢ocugun sosyal,
duygusal, motor, bilissel, dil gelisim alanlari vb. becerilerini birlikte ele almaktadir. Ote yandan 6gretmen
ozellikleri okul 6ncesi egitiminin nitelik ve gocugun gelisimini etkileyen en temel belirleyicilerden biri
olarak goriilmektedir (MEB, 2013). Ogretmenlerin katiiminda génilliiliik esas alinmis ve 6gretmenlerin
isimlerinin yerine deneyim yillarina gore coktan aza dogru kodlamalar yapilmistir. Arastirmanin
katilimcilari Tablo 1'de verilmistir.

Tablo 1

Katihmcilarin Egitim Diizeyleri ve Deneyim Yillarina Gére Dagilimi
Egitim Diizeyi Deneyim Yil Okul Oncesi Ogretmenleri
Lisans Derecesi — Okul Oncesi Egitimi 1yl Ogretmen 8, Ogretmen 9
Yiiksek Lisans 5 yil Ogretmen 6, Ogretmen 7
Lisans Derecesi — Okul Oncesi Egitimi 6yl Ogretmen 5
Lisans Derecesi — Okul Oncesi Egitimi 9yl Ogretmen 4
Lisans Derecesi — Okul Oncesi Egitimi 11 yil Ogretmen 3
Lisans Derecesi — Okul Oncesi Egitimi 13 yil Ogretmen 2
Lisans Derecesi — Okul Oncesi Egitimi 16 yil Ogretmen 1

Tablo 1’de 6gretmenlerden ikisinin yiksek lisans yaptigl, digerlerinin ise lisans mezunu oldugu
gorilmektedir. En fazla deneyime (16 yil) sahip bir katilimci bulunurken, en az 1 yil deneyime sahip iki
katilimcinin oldugu gorilmektedir.

Kullanilan Veri Toplama Araglari

Okul 6ncesi 6gretmenlerinin sayma ilkeleri, parca-bitiin iliskisi ve sipsak sayma ile ilgili pedagojik alan
bilgilerini detayh incelemek amaciyla yari vyapilandiriimis goriisme formu hazirlanmistir. Yari
yapilandirilmis goriisme sorulari arastirmacilar tarafindan ilgili alan yazinindan (Macdonald, 2013;
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MacDonald & Shumway, 2016; Sinnakaudan, vd., 2016) yararlanilarak olusturulmustur. Gérlisme sorulari
hazirlanirken alan yazinindaki 6gretim senaryolarinin kullaniminin 6nemi (Lee, 2017; McCray & Chen,
2012) dikkate alinmis ve ona yénelik sorular hazirlanmistir. ilk ti¢ soru (1., 2. ve 3. soru) genel okul ncesi
matematik egitimi, iki soru (4. ve 5. soru) sayma ilkeleri, ti¢ soru (6., 7. ve 8. soru) sipsak sayma ve Ug¢ soru
da (9., 10. ve 11. soru) parga-bitin iliskisi ile ilgilidir. Sipsak sayma sorulari olusturulurken Macdonald
(2013), MacDonald ve Shumway (2016) calismalarindan yararlaniimistir. Parga-bitin iliskisi ile ilgili sorular
ise Sinnakaudan ve digerlerinin (2016) ¢calismasinda yer alan sorudan uyarlanarak olusturulmustur. Diger
Ug soru ise ilgili alan yazini arastirilarak arastirmacilar tarafindan olusturulmustur. Gérlisme sorularinda
okul oncesinde g¢ocuklarin 6grendigi matematik “Okul 6ncesi 6grencileri matematik ile ilgili neler

Ogreniyorlar?” ile

“Okul 6ncesinde 6grencilere sayi bilgisi ve sayma becerisi adina hangi etkinlikleri

yaptiriyorsunuz?” sorulari ve alt sondalar ile arastiriimistir. Sayma ilkelerine yonelik olarak 6rnek durumlar
lizerinden 6grenci bilgisi ve 6gretim bilgisinin ortaya c¢ikarilmasi amaglanmistir. Benzer durum sipsak
sayma ile parga butiin kavramlari icin de amaglanmistir. Katilimcilardan érnek durumlari sinif ortamlarini
distnerek kendi 6grencileri Gzerinden yorumlamalari beklenmistir.

Hazirlanan goriisme formunun kapsam gecerligi icin farkh Universitelerden okul 6ncesi alaninda
¢alismalari olan iki matematik egitimcisinin uzman gorlsiine basvurulmus ve formun arastirma
problemine uygun olup olmadigina yonelik goris alinmistir. Uzman goriislerine goére, bazi sorularda
diizenleme yapilmis veya bazi sorular gorlisme formundan gikarilmistir. Goérlisme formu son halini
aldiginda katilimcilarla benzer niteliklere sahip olan bir okul 6ncesi 6gretmeni ile pilot ¢alisma yapilmistir.
Pilot ¢alismanin amaci tasarlanan gorisme sorularinin katilimcilar tarafindan anlasilir olup olmadigini
anlayip buna goére gerekli diizeltmeleri tespit etmek ve sorulacak sorularin katilimcilarin disinmelerini
ortaya ¢ikarabilecek nitelikte olup olmadigini test etmektir. Pilot calisma sonunda anlasilir ve agik olmayan
bazi sorularda dizeltmeler yapilmistir. Gérisme formunun ilk hali 15 soru olarak tasarlanmis olup
uzmanlarin goriist ve pilot ¢alisma sonucu dikkate alinarak soru sayisi 11’e dusirilmustir. Sekil 1’de yar
yapilandirilmis gériisme sorularinin bazilari (4., 7. ve 9.sorular) 6rnek olarak sunulmustur.

Sekil 1

Yari Yapilandiriimis Gériisme Sorularina Ait Ornekler

Soru 4) Cocuklarin sayma ilkeleri
ile ilgili 6grenci bilgisine yonelik
soru ornegi

Soru 7) Cocuklarin sipsak
sayma ile ilgili 6grenci bilgisine
iliskin bir soru 6rnegi

Soru 9) Parca-butin iliskisi
acisindan 6grenci ve 6gretim
bilgisi Gzerine bir soru 6rnegi

Soru 4)

Yesil renkli kiipler

Karmuzs renkli kiipler

Yukarida 10 kiip vardir. Ogrencilerinize
buradaki kipleri saymalarini sdylerseniz ne
tiir goziimler ortaya ¢ikabilir? Toplamda
kag kip var diye sorarsaniz gocuklarin bu
soruya verebilecekleri olasi cevaplar
nelerdir?

Soru 7)
(o] [ooe]

Yukaridaki gorseller 6grencilere tek
tek gosterilmektedir. Daha sonra
kartlardaki noktalarin sayisini
hatirlamalari beklenmektedir.
Nokta sayisi agisindan hangi resmi
soylemeleri/hatirlamalari daha
kolaydir? Neden?

Soru 9)

2.Durum

1.Durum

“Asmin, deneyi i¢in 8 6riimcek
toplamistir (1. durum). Deneye
basladiginda bazi 6rimceklerin kayip
oldugunu fark etmistir. Asmin'in
orimceklerinden bazilari masanin
Uzerindeki kavanozun kapaginin altinda
gizlenmistir (2. durum). Kavanoz
kapaginin altinda kag tane 6riimcek
sakhdir?”

- Cocuklarin bu soruyu nasil ¢gozecegini
distintyorsunuz?

—Bu problemi cocuklara nasil
aciklarsiniz?

Veri Toplama Siireci

Veri toplama siireci baslamadan énce uygulama icin gerekli olan Etik Kurul izin Belgesi (Hacettepe
Universitesi Etik Komisyonu, 22.02.2022, E-35853172-600-00002061287) alinmistir. Gériismeler Zoom
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platformu Uzerinden bir oturumda (40 dakika) yapilmis ve video kaydi alinmistir. Katihmcilardan video
kaydi igin izin alinmistir. Goriismelerde gonilli katihm esas alinmig ve gorlismeci etkisini azaltmak adina
butlin gorismeler ayni kisi tarafindan (ilk yazar) yapilmistir. Katihmcilarin sorulari dikkatli ve igten
cevaplamalari igin gérisme 6ncesinde c¢alismanin amaci ve 6nemi hakkinda bilgilendirme yapiimis
katilimcilardan gelen sorular cevaplanmistir.

Veri Analizi

Nitel arastirmalarin 0zelligi geregi calismada elde edilen veriler genelleme amaciyla degil
degerlendirme amaciyla kullanilir (Fraenkel vd., 2012). Bu arastirmada da elde edilen veriler,
degerlendirme amaciyla kullanilmistir. Ogretmenler ile yapilan gériismeler sonrasi ortaya cikarilan veriler
nitel tekniklerle ¢ézimlenmistir. Gorlismelerden elde edilen ses kayitlari dinlenmis ve yazili metin
formatina getirilmistir. Verilerin analizinde icerik analizi kullaniimistir. Ogretmenlerle gériismelerden elde
edilen verilerden kod ve temalar belirlenmeye calisiimistir. Veri analizinin glivenirligi icin veriler her bir
arastirmaci tarafindan ayri ayri kod ve temalar seklinde acik ve kesin bicimde tanimlanmistir. Kodlayicilarin
bagimsiz olarak yaptigi kodlamalar karsilastiriimis farkli olan kodlamalar icin arastirmacilar bir araya
gelerek bu kodlar lizerinde tartismis ve uzlasmaya varmiglardir. Boylece yapilacak analizin gegerliligi ve
tutarliigr arttinlmistir. Yapilan kodlama 6rnek bir veri seti lizerinde denenmis olup gdzden gegirilmis
kodlarla verinin timinin kodlanmasi saglanmistir. Son olarak katimcilara ait belirli goriis veya analiz
birimlerinin her tema veya kod altinda hangi siklikla tekrar ettigi hesaplanmistir. Ogretmenlerle
gorismelerden elde edilen veriler; ele alinan her bir kavram i¢in 6grenci bilgisi, 6gretim bilgisi ve 6gretim
programi bilgisi olmak iizere {i¢ bashk altinda ele alinmistir. Ogretmenlerin gériismeler sirasinda verdikleri
cevaplar ve ornekler dikkate alinarak arastirmacilar tarafindan belirlenen kod ve temalar bulgular
boliminde 6gretmenlerin cevaplarindan dogrudan alintilar yapilarak sunulmustur. Béylece dogrudan
alintilar ve ayrintili agiklamalar ile arastirmanin gegerligi ve glvenirligi artinlmistir. Arastirmanin
gecerliligini saglayan bir diger durum olan transfer edilebilirlik icin; arastirmanin sonuglarinin farkl
durumlarda yeni katilimci poplilasyonuna transfer edilebilirligini saglamak amaciyla, katilimci 6zelliklerine
ve slirece dair ayrintili bilgi verilmistir. Ayni zamanda arastirmanin kapsam ve sinirliliklari agikca ortaya
konulmus ve arastirma sonuglarinin hangi kapsam ve baglamlarda ele alinabilecegi ve
degerlendirilebilecegi aciklanmistir. Katilmcilara ait diyaloglar aslina uygun olarak degistiriimeden
sunulmustur.

Bulgular

Bu boélimde okul 6ncesi 6gretmenlerinin pedagojik alan bilgilerine iliskin bulgular alt problemler
temelinde sunulmustur.

1. Ogrenci Bilgisine Yonelik Bulgular

Okul 6ncesi 6gretmenlerinin sayma ilkeleri, sipsak sayma ve parca butin kavramlari 6grenci bilgisi
bileseni kapsaminda yaptiklari agiklamalar 6grenci stratejileri, 6grenci hatalari ve 6grenci 6zellikleri olmak
lizere Gi¢c tema altinda toplanmis ve Tablo 2’de sunulmustur.

Tablo 2
Odrenci Bilgisine iliskin Kodlar ve Temalar
Temalar iliskili Kodlar Katilimcilar
kavramlar
Saymaya bastan baslama 01,2,3,4,5,7,8,9
Hepsini sayma 2,4,3,5,6,7,9
Sayma Nesnelerin 6zelligine dikkat etme 1,2,3,5,6,8
ilkeleri Renklere gbre ayirip sayma 1,2,5,6,8
Ortadan baslama, kenardan baslama, rastgele 2,3,6,7,9
sayma
Farkh nesnelere vurgu yapma 2,6,8
Ayri ayri sayma 2,7
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Ogrenci Sipsak sayma kartlarindaki noktalarin dizilimini
Stratejisi geometrik sekillerle iliskilendirme 1,2,3,4,5,6,7,8,9
Sipsak Yan yana (¢ noktay! hatirlama 1,2,3,5,6,9
sayma Bes ya da Ug nokta séyleme 1,3,4,5,7,9
icinden sayma 2,3,4,5,8,9
4’ten fazlasini sdyleyememe 2,6,8
Ekleme ya da eksiltme yapma 1,2,3,4,7,8,6
Esitlemeye ¢alisma 2,7,8,6
Parga Eslestirme yapma diger kiimeyle (grupla) 2,3,5,6
bitin Gorunmeyen (saklanan) nesneleri zihinden
sayma 2,4,8
Uzerine sayma 4,5,8
Sayi kombinasyonlarini fark etme 2,5
Sayma Sayilan nesneyi tekrar sayma 1,6,3,4,7,8,9
ilkeleri Toplam nesneyi soyleyememe (kardinal deger) 3,6
Birebir esleme yapamama 2,3
Ogrenci Sipsak Nokta sayisi artinca hata yapma 6,4
Hatalari sayma Uzamsal dizilim 5,6
Eksiltmede zorlanma 2,5
Parca Eksik ya da fazla sayma 1
bitin GoOrlinmeyen nesnelerde zorlanma 3
Bireysel farkhlik 1,6,7,9
Ogrenci Cinsiyet farki 1,6,7
Ozellikleri Yas farki 1,3,6
Hazirbulunusluk 2

O é§retmeni temsil etmektedir

Tablo 2 incelendiginde 6gretmenlerin gogunun 6grenci stratejilerine odaklandig gorilmektedir.
Ogretmenler dgrenci bilgisi kapsaminda genelde dgrenci stratejilerini vurgulamislardir. Ogrenci stratejileri
temasi altinda; 6gretmenlerin sayma ilkelerine yonelik en ¢cok vurguladiklari 6grenci stratejileri, saymaya
bastan baslama ve hepsini sayma stratejileridir. Saymaya bastan baslama ile ilgili bir katiimcinin gorisi
su sekildedir: “Sol (istten baslarlar yesilleri bitirip kirmizilara baslarlar. Tabi ¢ocuklarin iizerinden de
denemek lazim ama. Ben 6yle sayacaklarini zannediyorum.” (05). Burada 05 dérdiincii soruda kendisine
sunulan birim kipleri sayma konusunda 6grencilerin yaklasimlarina iliskin gorislerini ifade etmistir. Bu
gorevde cocuklara iki farkli renkte dort kiip verilirken gocuklarin sayma stratejileri incelenmistir. Sol (st
olarak tanimlanan nokta kiplerin baslangi¢ noktasidir.

Sipsak sayma ile ilgili soruda (soru 7) ise nesnelerin o6zelliklerine dikkat etme, sipsak sayma
kartlarindaki noktalarin dizilimini geometrik sekillerle iliskilendirme, yan yana li¢ noktayi hatirlama, bes ya
da li¢ nokta sdyleme ve icinden sayma gibi farkli 6grenci stratejilerine 6rnekler sunduklari gérilmektedir.
Sipsak sayma kartlarindaki noktalarin dizilimini geometrik sekillerle iliskilendirme ile ilgili bir katilimcinin
gorusl asagida ifade edilmistir: “Daireyi ¢ok kullaniyoruz ¢cocuklarla hani top seklinde daire seklinde vb. o
sekilleri kullandigimizdan sonra hatirlayabilirler diye diisiiniiyorum.”(01). 01 sipsak sayma kartlari
cocuklara gosterildiginde hangi seklin/nokta diziliminin daha ¢abuk hatirlanabilecegi sorusuna bu sekilde
yanit vermistir.

Parca-bitin iliskisine yonelik sorularda (Soru 9 ve 10) katilimcilarin ¢ogu ekleme ya da eksiltme yapma
ve esitlemeye calisma stratejilerinden bahsetmistir. Ekleme ya da eksiltme yapma ile ilgili bir katihmcinin
goriist asagida verilmistir:

“Elleriyle kapatarak, ya da lizerini herhangi bir nesneyle kapatarak eksiltme etkinligini eksiltme
beceresini kazandirabilecegimi disiiniiyorum. Benim &drettigim teknikle ellerini kapatarak soruyu
¢bzebileceklerini diisiiniiyorum.” (07, 9. soru igin)
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07 kavanoz kapaginin altina kag ériimcek gizlenmistir ile ilgili goriisme sorusuna ydnelik cocuklarin
yukaridaki gibi diislinecegini ifade etmis, cocugun eksiltme yaparak soruyu yanitlayacagini sdylemistir.

Ogrenci hatalari temas altinda ise sayilan nesneyi tekrar sayma, nokta sayisi artinca hata yapma ve
eksiltmede zorlanma gibi durumlar belirtilmistir. Katilimcilarin gocuklarin hatalarinin farkinda olmalari
istenen bir durumdur. Asagida sayilan nesneyi tekrar sayma ile ilgili bir katihmcinin gorislerinden bir
alintiya yer verilmistir.

“Ashinda hani biz basladidi yerden ben sey yapmalarini séyliiyorum eger béyle ¢cok sayida nesne varsa
ve ben saymalarini istiyorsam hepsi diizgiin sirali olmuyor. Karistirmamalari icin béyle kiigiik bir isaret
koymalarini istiyorum. Bir nokta koy ya da bir kenarina bir ¢izgi koy da saydigini bil tekrar sayma ¢linkii
bazen ¢ocuk oluyor tekrar déniip tekrar sayiyor. Onu yapmamasi icin kiigiik bir isaret koymasini istiyorum
cocuktan. Basladiginda isaret koyarak gidiyor. Bazen bireysel farklilik oluyor. Bazilari ortasindan baslyor
saymaya tekrar kenara déniiyor. Bazisi en kenardan basliyor sonuna kadar geliyor bazisi da diger taraftan
basliyor yani belli olmuyor cocugun ne yapacad.” (06)

Yukarida 06 cocuklarin nesneleri sayarken sayilan nesneyi tekrar sayma gibi durumlarin ortaya
cikabileceginden bahsetmistir. Bu durum o6gretmenlerin ¢ocugun hatalarinin farkinda oldugunu
gostermektedir. Son olarak 6grenci 6zellikleri temasi altinda ise bireysel farkhliklar, cinsiyet farki, yas ve
hazirbulunusluk kodlari elde edilmistir. Ancak bu 6zellikler ¢ok az katilimci tarafindan dile getirilmistir.

2. Ogretim Bilgisine Yonelik Bulgular

Tablo 3'te “Ogretmenin kullandigi ydntem ve teknikler” ile “Ogretmen tarafindan kullanilan
matematiksel kavramlara yonelik 6gretim stratejileri” temalari altinda 6gretmenlerin 6gretim bilgisine
iliskin kod ve temalar asagida sunulmustur.

Tablo 3
Odretim Bilgisine iliskin Kod ve Temalar
Temalar Kodlar Katilimcilar
Oyun oynatma 01,2,3,4,5,6,7
. . Somut materyal kullanimi 2,3,6,8,9
Ogretmenin
Kullandi: Tekrarlama 1,2,3,4
v g Geometrik sekilleri kullanma 1,2,4
Yéntem ve .
X Benzetmeye yonelik calismalar yapma 3,6
Teknikler .
Bol bol eve 6devler verme 1,2
Grup etkinligi yapma 8
Ogretmen Es paylagim 5678
Tarafindan Sayi ¢alismasi yapma, sirali sayma 1,2,3,6
Kullanilan Azlik cokluk karsilagtirma yapma 38
Matematiksel  Nesneleri sayarken farkli ve ayni kavramlara dikkat ' 3
Kavramlara etmek
Yonelik Basit toplama igslemleri yaptirma 16
Ogretim Siniflama, siralama, birebir esleme ’ 6
Stratejileri Gruplama galismalari yapma 3

Tablo 3’te 6gretmenin kullandigi ydontem ve teknikler temasi altinda oyun oynatma, somut materyal
kullanma (fasulye, boncuk, cubuk, kalem vs.) ve tekrar yapma ¢ogu 6gretmen tarafindan dile getirilirken,
grup etkinligi yapma sadece 08 tarafindan ifade edilmistir. Ote yandan bol bol 6dev verme iki katilimci
tarafindan dile getirilmistir. Asagida 6gretmenin kullandigi yéntem ve teknikler temasi altinda en ¢ok ifade
edilen oyun oynatma ve somut materyal kullanmaya yonelik katilimcilarin gérislerine yer verilmistir:

“Sayi bilgisi ve say1 sayma becerisi adina mesela parkurla oyun oynamayi ¢ok seviyorlar. Parkurla oyun
kurup mesela masanin lzerine bardaklara sayilari yaziyoruz ve o parkurlu oyunda en basitinden bir oyun
oynamak isteniyorsa iste parkurlari gegip mesela atiyorum bir bardakta bir yaziyor onun icinde bir tane
ponpon koyuyor. iki yaziyor iki tane ponpon koyuyor. Ug yaziyor ii¢ tane ponpon koyuyor. Bese kadar sayili
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bardaklar var ve bese kadar dogru bir sekilde ponponlari bardaklarin igine yerlestiren 6grenci oyunu
kazaniyor.”(05)

Burada katihmcinin vurguladigl cocuklarin oyun oynarken farkinda olmadan sayma becerilerini
kazandiklari seklindedir. Bu durum okul 6ncesinde istenen bir durumdur. Yukaridaki alintida goralduga
Gzere okul oncesi Ogretmenleri sayi ilkelerinden kardinal degerin gelisimine yonelik oyunlardan
yararlandiklarini belirtmislerdir.

“Sayilarin farkl dizilisleri oldugunu ¢ocuk zaten yaptik¢a 6greniyor. Nesneleri farkli sekilde dizdiginde
yine ayni sayinin ¢ikacadini g bu tarafta yedi bu tarafta dért bir tarafta alti bir tarafta bunu topladigi
zaman yine ayni rakam oldugunu zamanla Sdreniyor. ilk etapta géstersem bunlar ayni demez cocuklar.
Clinkii gérsel olarak ¢ocuk ayniyi gérmek istiyor. Yani gérseli ayniysa dizilisleri ayniysa ayni diyor ¢ocuk.
Ama farkh dizilislerde de ayni rakamin olacagini yaparak &greniyor ¢ocuk. Fasulye sayiyoruz ¢ubukla
sayiyoruz. Sayi ¢alismasi yapiyoruz. Oyunlar icerisinde saymali oyunlar oynuyoruz.” (02)

Burada katilimcinin vurguladigi cocuklarin farkinda olmadan sayi dizilimlerini kazandiklari seklindedir.
Yukaridaki alintida gorildigi Gizere okul 6ncesi 6gretmenleri sayilarin uzamsal iliskilerine vurgu yaparak
farkli dizilislerinin gelisimine yonelik somut materyallerden yararlandiklarini belirtmislerdir. Asagida ayrica
geometrik sekilleri kullanma ve benzetmeye y6nelik ¢alismalar yapma durumlarina yonelik bir alintiya yer
verilmistir.

“lste kare olur iicgen olur daire olur artik hangi nesneye benzetebilirlerdi bilmiyorum. Ashinda
benzetmeye yénelik ¢alismalar da yapiyorum ama noktalar iizerinden ¢ok yapmiyoruz. Sayinin kendisi
tizerinden yapiyoruz ama bir neye benzeyebilir hadi diisiinelim 2 sayisi neye benzeyebilir falan gibi bu tarz
calismalar da yapiyoruz. Hatta okul éncesi el ele kitabi var MEB’in dadgittigi onlarin igcinde de bu tarz
calismalar var onlari da sinifta yaptirmaya ¢alisiyoruz ama noktalara yénelik bir ¢alisma yapmiyoruz.
Benimkilerde séylese biiyiik ihtimalle tek bir nesneye benzetebilirlerdi.”(06)

Burada katilimcilar sipsak sayma kartlarindaki noktalarin hangilerinin ¢ocuklar tarafindan
hatirlanabilecegine yénelik gérislerini belirtmektedirler. 06 noktalara yonelik calismalar yapmadigini
acikca belirtmektedir. Ogretmenin kullandigi matematiksel kavramlara ydnelik stratejiler temasi igin elde
edilen kodlarda sayilarin kombinasyonu yerine en ¢ok es paylasim fikri ve sayi ile sirali sayma galismasi
ifade edildigi gérilmektedir. Ote yandan siniflama, siralama, birebir esleme, azlik cokluk karsilastirma
yaptirma gibi kavramlarin ifade edildigi goriilmekte ancak bu kavramlarin sadece bir katilimci tarafindan
(08) dile getirildigi gdrilmektedir. Es paylagim fikriyle ilgili bir katilimcinin gériisiine asagida yer verilmistir.

“Ben paylastiklari miimkiinse seyin esit olmasini isterim. Ben zaten tek sayiyla ¢alismazdim. 5.sini de
paylastirana verirdim yardim igin... Clinkii burada ¢ocuklar paylastiranin kim oldugunu bilir. Esit paylasimi
bilir. 5 tane bilyenin veya nesnenin esit paylastiriimasi gerektigini diisiiniiyorum cocuklara...”(08)

Yukarida gorildigi gibi es paylasim igin tek sayi verilmemesi ve sayilarin es paylastirilmasi gerektigi
ifade edilmektedir. Bu sayilarin farkli kombinasyonlarinin goériilmesi agisindan c¢ocuklar agisindan
dezavantajli bir durum olusturmaktadir. Asagida bu tema altinda ifade edilen sayi ¢alismasi yapma ile en
az ifade edilen gruplama g¢alismalarina yénelik katiimcilarin gérislerinden 6rnekler verilmistir.

"Bir iki diye bes tane sayarlar. Gegen sene basi olmasina ragmen saydirdim hani nesnelerle sayma
yaptirdik. Cogunda sayma becerisi var. Evde de yaptiriliyor sanirim aileler tarafindan. Rahat bir sekilde
sayarlar. 3’ii 2’yi ézellikle az olan nesne sayisini kolaylikla sayiyorlar. Ayri ayri sayabilirler mi bir araba falan
diye diisiiniiyorum. O sekilde yapan da olabilir 6§retmenim bir tane gitar var, bir tane araba var, bir tane
top var diyen de olabilir. Cogu 1,2,3 hepsi sirayla sayar bes derler. Nadiren birer birer sayarlar bir gitar var,
bir araba var diye.” (02)

Yukaridaki alintida goriildiGgi lizere okul 6ncesi 6gretmenleri sayi ilkelerinden soyutlama ilkesinin bazi
cocuklarda kazanilmadigini belirtmislerdir. Nitekim gocugun nesneleri 6zelikten bagimsiz sayamayacagini
vurgulamaktadirlar.
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“Gruplama olarak yapiyoruz mesela hocam bes sayisini veriyoruz asadida da bes tane on tane on bir
tane sayin diyoruz. Bunlari gruplama seklinde yaptiriyoruz. Bes sayisiyla bes tane topu eslestirin diyoruz
mesela. Bes sayisinin altina bes tane c¢izgi ¢izelim. Bes sayisini bu sekilde onlara sekil kavramiyla sayiyi
birlestirip biitiinlestirmeye ¢alsiyoruz.” (03)

O3'niin ifadelerinde sayi ilkelerinden birebir esleme ve kardinal deger ilkesinin gelisimine yonelik
gruplama c¢alismalarindan yararlandigini goériilmektedir. Ayrica katilimcilar cocuklarin nesneleri sayarken
farkli ve ayni kavramlarina dikkat ettiklerini belirtmislerdir.

3. Ogretim Program Bilgisine iliskin Bulgular

Son olarak Tablo 4'te matematiksel kavramlar ve gelisimsel 6zellikler altinda 6gretmenlerin 6gretim
programi bilgisine iliskin kod ve temalar agsagida sunulmustur.

Tablo 4
Ogretim Programi Bilgisine iliskin Kod ve Temalar
Temalar Kodlar Katilimcilar
Toplama ve ¢ikarma 01,2,4,5,6,7,8,9
Sayilari tanima 1,2,4,5,6,7,8
Ritmik sayma (ileri, geri) 2,3,4,5,6,7,9
Matematiksel Belirli sayida nesneyi eslestirme 2,3,5,
Kavramlar Geometrik sekiller 4,5,7
Oriinti olusturma 3,4
Gruplama 3,5
Buyuk, kiiguk ve zit kavramlari 3
Cocuklarin yas-ay degisikligi 1,2,3,6,7
(.:?elisi.msel Cocuklarin yas-ay cesitliligi 3,6,7
Ozellikler
Bilissel egitim, Motor gelisimi 2,3,7,9

Tablo 4’te goraldugi gibi katihmcilarin ¢ogunlugu matematiksel kavramlar temasi altinda toplama
cikarma, sayilari tanima ve ritmik saymayi dile getirirken, blyk, klglk ve zit kavramlari gruplama ve
oriintl olusturma kavramlarini ise sadece birkag katilimci dile getirmistir. O7'nin gorisleri 6rnek olarak
verilmistir:

“Matematikle ilgili aslinda planda 1°den 10’a kadar tanima seklinde var. Ama siniflarin durumuna gére
toplama ¢ikarma, geriye sayma, ona kadar sayma, yiize kadar ritmik sayma, sayilari tanima, sayilari dogru
sekilde yazmayr amacliyoruz.” (07).

Gelisimsel 6zellikler agisindan bakildiginda ¢ocuklarin yas-ay degisikliligi ve gesitliligi, bilissel egitim ve
motor gelisim gibi noktalar katihmcilar tarafindan vurgulanmistir. Bir katilimci yas ve yeterlilik hakkinda su
sekilde yorum yapmistir:

“Ogrenme her yas grubu igin ayni dedildir. EGer lic-dért yaslarindaki kiiciik cocuklarla ilgileniyorsak,
toplama alistirmalarina bile baslamiyoruz. Eger bes yasindalarsa ve ertesi yil ilkokula baslayacaklarsa,
ézellikle donanimlari varsa bu becerileri gelistirebilirler.” (O3)

Genel olarak bulgulara bakildiginda okul 6ncesi 6gretmenlerinin sayma ilkeleri, parga-bitin veya
sipsak sayma gibi kavramlari kullanmadigl ancak anlam olarak bazilarina asina oldugu gorilmektedir.
Katilimcilar kavramlar dogrudan soruldugunda c¢ogunlukla bilmediklerini veya ilk defa duyduklarini
soylemis fakat ilerleyen konusmalarda sinifta kavramin 6gretimine yonelik etkinler yapan 6gretmenler
oldugu gorilmistir. Bu durum katilimcilarin kavramlari kullanmamasina ragmen siniflarinda bu
kavramlara yonelik etkinlikler yaptigini gostermektedir.
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Tartisma ve Sonug

Sayma ilkeleri, sayilarin parga-butiin iliskisi ve sipsak sayma erken gocukluk dénemi matematik
egitiminde ¢ocuklarin kazanmasi gereken 6nemli becerilerdendir. Okul 6ncesi 6gretmenlerinin bu kritik
kavramlar hakkinda pedagojik alan bilgilerinin incelenmesi 6gretim pratikleri hakkinda bilgi sunmasi
acisindan degerli bulunmaktadir. Calismanin bulgulari, okul éncesi 6gretmenlerinin erken ¢ocukluktaki
matematik egitimini 6nemsediklerini gostermektedir. Gériismeler sirasinda 6gretmenlerin cogu genellikle
erken g¢ocukluk déneminde matematik ile kazanilan bilgi ve becerilerin ileriki dénemlerdeki matematik
basarisi icin 6nemli oldugunu belirtmislerdir.

Ogretmenler okul 6ncesi dénemindeki cocuklarin sayma ilkelerine yonelik olarak birebir esleme
yaparken vyaptiklari sayma hatalarini vurgulamislardir. Ornegin, 6gretmenler gériismeler sirasinda
cocuklarin diizglin sirali bir sekilde verilmeyen cokluklari sayarken bir nesneyi iki defa saydiklarini
belirtmislerdir. Ayrica kardinalite prensibine iliskin ¢cocuklarin yaptiklari hatalardan da bahsetmeleri dikkat
cekmektedir. Kardinalite prensibinden bahsederken 6gretmenler, toplam kip sayisinin soruldugu soruda
cocuklarin sayma sonunda soylenen son sayinin kiimenin eleman sayisini temsil ettigini soylemediklerini
ve tekrar basa donerek sayma egiliminde olduklarini belirtmislerdir. Nitekim ¢ocuklarin sayma becerisini
kazanana kadar bu tarz hatalar yaptiklari bilinmektedir (Gelman & Gallistel, 1986). Benzer sekilde Li’'nin
(2021) galismasinda da okul 6ncesi 6gretmenlerinin en ¢ok vurguladiklari 6grenci hatalarini bire bir esleme
hatasi ve kardinal deger ilkesi hatalari baslklari altinda belirtilmistir.

Ogretim programi bilgisi kapsaminda dgretmenlerden okul dncesi 6gretim programini matematik
kazanimlari baglaminda degerlendirmeleri istenmistir. Gorismelerde 6gretmenler, cocuklara rakamlari
tanimayl ve yazmayi, toplama ve ¢ikarma islemlerini yapmayi, arti ve eksi isaretlerini tanimayi, ileriye ve
geriye dogru ritmik saymayi 6gretmek de dahil olmak Gzere ilkokula hazirliga yonelik beklentilerini ifade
etmislerdir. Ancak 6gretmenlerin sembolleri tanima, toplama ve ¢ikarma islemi yapma gibi daha ¢ok
islemsel bilgilere agirlik verdigi, bu kavramlar arasinda bir iliskilendirme kurmadan birbirinden bagimsiz
bir sekilde bahsettikleri ve sayilar arasindaki iliskilere vurgu yapmadiklari gézlenmistir. Ogretmenlerin
iliskilendirme yapamamalari okul 6ncesi O6gretim programindaki kazanimlarin, ilgili agiklama ve
etkinliklerin sinirliigindan kaynaklanmis olabilir. Arastirmanin yiritaldiga sirada tlkemizde 2013 okul
oncesi egitim programi uygulanmaktaydi. Bu program incelendiginde sayi kavrami, sayi ilkeleri ve sayma
becerilerine yonelik kazanimlarin oldugu ancak sayilar arasindaki iligskilere ve sayi duyusuna vurgu yapan
kazanimlarin olmadig dikkati gekmektedir (MEB, 2013). Benzer sekilde uluslararasi sinavlarda genellikle
ilk siralarda yer alan tlkelerden biri olan Singapur’un ulusal okul éncesi 6gretim programi kitapgiginda
dikkati gceken nokta, say1 duyusuna yapilan vurgudur. Singapur 6gretim programinda “parc¢a-butiin iligkisi”
ve “sipsak niceleme” gibi kavramlar say1 duyusu bashgi altinda tanimlanmis ve bu kavramlarin gelisimi icin
ornek etkinlikler sunulmustur (MEB, 2013). Sapul (2019) tarafindan yapilan tez calismasinda Tirkiye ve
Singapur okul 6ncesi 6gretim programlarinin matematik icerikleri karsilastiriimistir. Arastirmanin
sonucunda Tirkiye’deki programin sayl kavraminin igsellestiriimesi konusunda eksik kaldig
vurgulanmaktadir. Ayrica arastirmanin sonucunda meslege yeni baslamis okul dncesi 6gretmenlerinin
programa gore hareket etmesinin ¢ocuklarin sayr duyularini gelistiremeyecegi belirtiimektedir. Ogretim
programi bilgisi kapsaminda elde edilen bir diger bulgu, okul 6ncesi egitim programinda matematige
yonelik kazanim sayisinin az oldugunu vurgulayan 6gretmenler oldugu gibi cok oldugunu dislinenlerin de
olmasidir. Bu durum o6gretmenlerin bu konuda ¢ocuklarin gelisimini degil programda 6rneklendirilen
durumlari daha ¢ok dikkate aldigini géstermektedir.

Pedagojik bilgi acisindan bakildiginda, okul 6ncesi 6gretmenlerinin ¢ogunlugunun, Tian ve Huang'in
(2019) bulgulariyla tutarli olarak, matematik kavramlarindan ziyade genel 6gretim stratejilerine daha fazla
vurgu yaptiklari gériilmistir. Ogretmenin kullandigl ydntem ve teknikler temasi altinda oyun oynatma,
somut materyal kullanma (fasiilye, boncuk, gubuk, kalem vs.) ve tekrar yapma ¢ogu 6gretmen tarafindan
dile getirilmistir. Okul 6ncesi 6gretmenleri 6zellikle oyun igcine entegreli etkinlikleri kullandiklarini ve
cocuklarin oyun oynarken farkinda olmadan sayi dizilimlerini ve sayma becerilerini kazandiklarini
vurgulamislardir. Nitekim Okul Oncesi Egitim Programinin Temel ilkeler kisminda biitiin etkinliklerin oyun
temelli dizenlenmesi gerektigi vurgulanmaktadir (MEB, 2013). Benzer sekilde alan yazinda da oyun
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kullanimin 6nemi dile getirilmistir (Aumann vd., 2024; Bjorklund vd., 2020; Lee, 2017; McCray ve Chen,
2012). Aumann ve digerleri (2024) tarafindan matematiksel 6grenme potansiyeli olan durumlardan birinin
oyun oynatma oldugu vurgulanmistir. Ayrica oyun oynatirken okul 6ncesi 6gretmeni ile gocugun
etkilesiminin 6nemine dikkat ¢ekilmistir.

Arastirmaya katilan 6gretmenlerin ¢ogunun sayilarin parga-bltiin anlamini es paylastirma seklinde
algilamasi bu arastirmanin dikkat gekici sonuglari arasinda yer almaktadir. Sophian ve McCorgray da (1994)
¢alismalarinda bu ¢alismaya paralel olarak Ogrencilerin parga butin iliskisi kapsaminda sayi
kombinasyonlarina iliskin sinirli bilgi sergiledikleri sonucuna ulagmislardir. Parga bitln iliskisini 6gretmek
icin yapilan etkinlikler soruldugunda, 6gretmenler legolar, oyun hamuru, bloklar ve boncuklar gibi
materyalleri kullandiklarini belirtmiglerdir. Fakat bu materyallerden bahsederken 6gretmenler yine
agirhkli  olarak toplama islemine vurgu vyapmis, sayinin bitininid olusturan pargalardan
bahsetmemislerdir. Bu bulgu Zhang’'in (2015) calismasinin bulgularina paralel olarak okul oncesi
o6gretmenlerinin sayilarin parca butin iliskisinin gelisimine yonelik bilgilerinin oldukca yizeysel oldugunu
gdstermektedir. Ogretmenlerden beklenen sayilarin parga-biitiin iliskisinin anlasilmasinda gerekli olan
butlinG olusturan farklh sayi ikililerine vurgu yapmalaridir.

Katilimcilar sipsak sayma kartlarindaki noktalarin hangilerinin ¢ocuklar tarafindan hatirlanabilecegine
yonelik sorular igin yaptiklari geometrik sekilleri kullanma ve benzetme galismalarindan bahsetmis ve bu
noktalara yénelik calismalar yapmadiklarini acikca ifade etmislerdir. Ogretmenlerin gelistirdikleri
etkinliklerde daireyi ¢ok kullandiklari bu yizden cocuklarin da noktali kartlar gosterildiginde daireye
benzer 5 noktali karti daha kolay hatirladiklarini dile getirdikleri gorilmistir. MacDonald (2013)
calismasinda noktalar arasindaki bosluga, noktalarin simetrik yonlerine ve noktalarin rengine gore
¢ocuklarin algisal sipsak saymadaki performanslarinin degisiklik gésterdigini ifade etmistir. Sipsak sayma
ile ilgili goriisme sorularinda en az nokta sayisinin daha kolay hatirlanacagi katilimcilarin gogunlugu
tarafindan dile getirilirken katihmcilardan biri tarafindan g¢ocuklarin matematik etkinliklerinde
deneyimledikleri sekillerin daha kolay hatirlanacagl yoninde bir gorlist bulunmaktadir. Ayrica bazi
ogretmenler, cocuklarin kavramsal ve algisal sayma ile ilgili sorulardaki ¢oziim yollarindaki farkliliklari
yorumlayabilmistir. Ogretmenlerin bu kavramlara yénelik sayilarin uzamsal iliskileri ve gruplama gibi
ozellikleri vurguladiklari gértlmustdr.

Okul 6ncesi 6gretmenlerinin sayi bilgisi ve sayma ilkelerine yonelik yeterli pedagojik alan bilgisini lisans
egitimleri siiresince aldiklari derslerde kazanmalari beklenmektedir (Olkun vd., 2014; Tian & Huang, 2019).
Okul 6ncesi 6gretmenligi lisans programlarinin igerigine bakildiginda; Erken Cocuklukta Matematik Egitimi
dersinde sayI kavrami, sayma becerileri ve sayl kavraminin 6gretim asamalari gibi konular yer almaktadir.
Bu ders programda haftada teorik l¢ saat olacak sekilde bir dénem okutulmaktadir (YOK, 2018).
Ogretmenlerin pedagojik alan bilgileri agisindan bu derslerin iceriginin yeniden diizenlenmesi gerektigi
distntlmektedir. Dagli ve Daglioglu (2021) calismalarinda okul 6ncesi 6gretmen adaylarinin lisans
o0grenimleri boyunca aldiklari matematik egitimi derslerinin pratik uygulamalarinin olmamasini elestirmis
ve bu durumun pedagojik alan bilgisini olumsuz yonde etkiledigini belirtmislerdir.

Ogretmenler pedagojik alan bilgilerini gelistirmek amaciyla hizmet ici seminerlere veya egitimlere
katilabilir. Bu seminerlerde sayilar arasindaki iliskilere (parga-butln iliskisi, sipsak sayma gibi) vurgu
vapilarak gelistirilecek 6rnek etkinlikler, senaryolar veya durumlar Uzerinde tartisilmasi okul oncesi
o6gretmenlerinin  kavramsal 6grenmeleri destekleyecek sekilde 6grenme ortamlarini hazirlamalari
acisindan 6nemli gorilmektedir. Sayilarin i¢sellestiriimesinde ve sayma becerilerinin gelisiminde kritik
6neme sahip becerilerden biri de sayilarin parga-butin iliskisinin anlagiimasidir. Buna yonelik kazanimlarin
ileride aritmetik becerilere olan katkisi disinildigiinde okul Oncesi 6gretim programinda olmasi
kaginilmazdir. ileride yapilacak program revizyon calismalarinda sayilarin parga-biitiin iliskisinin okul
oncesi donemde dikkate alinmasi ¢ocuklarin aritmetik becerilerinin gelisimine katki sunacaktir. Bu
calismada okul oOncesi 6gretmenlerinin pedagojik alan bilgisi sayr kavrami ve sayilar arasi iliskiler
baglaminda incelenmistir. Calisma sayma ilkeleri, sipsak sayma ve parca-bitin iliskisi matematiksel
kavramlariyla sinirhdir. Orneklem biiyiikliigi genisletilerek ileride yapilacak calismalarda geometri, 8lcme
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gibi farkli matematiksel kavramlar ele alinarak 6gretmenlerin pedagojik alan bilgileri buttincil olarak
incelenebilir.

Yazar Katki Orani
Yazarlar, ¢alismaya esit oranda katki sunmuslardir.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve yonergenin ikinci bolimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
higbiri gergeklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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