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Abstract

This study included 15 pre-school teachers with experience in mathematics-based projects to examine their views on early mathematics. The data were collected
through semi-structured interviews with the teachers and analyzed by content analysis method. As a result of the study, the teachers stated that they were primarily
based on the cognitive domain acquisitions and basic mathematical skills emphasized in the Ministry of National Education pre-school education program and that
children had difficulty with three-dimensional shapes, time, reasoning-association, graphing, measurement, and right—left discrimination. In addition, while organiz-
ing the early mathematics education process, it was determined that they paid attention to being in contact with families, thinking that mathematics is a whole,
ensuring that children learn from concrete to abstract and notice the mathematics in their environment, preferring methods such as observation, evaluation accord-
ing to achievements, conversations/dialogues and asking questions to evaluate individual differences, and trying to reduce individual differences with individual
support, cooperation with family, and peer learning. It was determined that the mathematics projects provide positive reactions from families, sharing information
with colleagues and academicians, and conducting research, and that they made suggestions such as in-service training, being open to learning, family involvement,

qualified undergraduate education, mathematics activity collection, and e-Twinning projects for quality early mathematics education.
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Introduction

From an early age, children try to recognize and understand concepts
related to mathematics and make predictions (Donlan, 2020). Prior lit-
erature shows that math-related awareness is learned at an early age,
which helps to develop numerical processing ability and can have a
positive impact on school performance in the future (Bjorklund et al.,
2020; Clements & Sarama, 2020; Donlan, 2020; Duncan et al., 2007).
Therefore, although the importance of mathematics teaching and learn-
ing in the early years is accepted unquestionably (Tzekaki, 2020), its
abstract and dynamic structure raises questions about how mathematics
education can be conducted effectively (Bjorklund et al., 2020).

Regulating the process of learning and teaching mathematics in
early childhood education requires more comprehensive and in-depth
processes compared to later school levels. Everyone connected with
qualified mathematics education for children should develop children’s
mathematical interests, build on their families and children’s experi-
ences, plan and apply mathematics curriculum and teaching practices
in accordance with children’s cognitive, linguistic, physical, and social-
emotional development, use curriculum and teaching practices that
strengthen problem-solving and reasoning processes, integrate mathe-
matics and other activities, provide adequate time, materials, and teacher
support to children, actively introduce mathematical concepts through
appropriate experiences and teaching strategies, and support all chil-
dren’s learning by evaluating their mathematical knowledge, skills, and
strategies (NAEYC (National Association for the Education of Young
Children) & NCTM (National Council of Teachers of Mathematics),
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2010). If this process is not planned well, as the school level progresses,
it may become more difficult for children to close the gap between con-
crete practical thinking and abstract logical thinking and to catch up
with the mathematical levels of their peers (Bodovski & Farkas, 2007,
van Oers & Poland, 2012). At this point, it is becoming a more impor-
tant issue to create qualified learning experiences and environments that
are appropriate for the individual differences of children in early math-
ematics skills (Hardy & Hemmeter, 2019). In addition, it is stated that
the organization of high-quality early mathematics programs is espe-
cially effective in improving the mathematical skills of children who are
behind their peers. It is essential to identify children with insufficient
math skills or who are at risk of falling behind and conduct appropriate
assessments to provide them with the necessary early math environ-
ments. Developmentally appropriate intervention programs for early
mathematics education increase children’s mathematical knowledge
and improve their mathematical performance (Yazicioglu & Akdal,
2023).

Even if adequate mathematical opportunities and environments are
provided, teachers act as a bridge for children to make mathematical
connections (Clements & Sarama, 2020; Sprenger & Benz, 2020). This
role requires the teacher to plan the learning process, teaching meth-
ods, and environments in a manner that improves children’s mathemati-
cal learning ways and thinking skills (Bjorklund et al., 2020; NCTM,
2013). Planned in accordance with the individual needs of children,
designed to enable them to develop their existing skills and learn new
skills, arouse their curiosity and desire to explore, be developmentally
appropriate, culturally and linguistically sensitive, and comprehensively
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organized in such a way as to support all areas of development, early
mathematics programs are more effective in children (NAECS/SDE
(National Association of Early Childhood Special-State Departments
of Education), 2003). Consistent and engaging mathematics education
in a way that responds to developmental needs allows children to love
mathematics, continue to explore it, and relate it to their daily expe-
riences. Thanks to this supportive structure, even children having a
bumpy ride have the opportunity to participate in mathematical interac-
tion and express their mathematical ideas (Breive, 2019; Vogler, 2019).

To support high-quality early mathematics education, organizations
and program developers need to create more effective early childhood
teacher training and professional development; use collaborative pro-
cesses to develop systems with appropriate high-quality standards, cur-
ricula, and assessment; design organizational structures and policies
that support teachers’ continuous learning, teamwork, and planning;
and provide the necessary resources to overcome barriers to young
children’s mathematics competence in the classroom, community,
institutional, and system-wide (Gasteiger & Benz, 2018).

Cerezci (2019) concluded that there are significant differences in
the quality of teachers’ mathematics teaching. While defining teachers
who deepen children’s mathematical understanding as higher quality,
she also defined teachers who provide superficial education by focus-
ing on methods and content as low quality. Teachers’ participation in
professional development training programs is reflected in their knowl-
edge, beliefs, and attitudes (Fishman et al., 2003). It is seen that pro-
fessional development training programs are essential when teachers
are required to update their practices and to identify areas where they
may be lacking in the education they provide in the classroom. It is
crucial to support them in experiencing new strategies in the programs
they attend for their professional development, to observe them with
examples in the real classroom environment, and to support them in
incorporating these strategies into their practices to create quality early
mathematics (Chen & McCray, 2012).

When the studies involving teachers’ views on early mathematics in
Turkey are analyzed, it is revealed that they are related to gender dif-
ferences (Erden & Tonga, 2020), mathematics activities and classroom
applications (Karakus et al., 2022), giving a place to NCTM content
and process standards in their activities (Pekince & Avci, 2016), plan-
ning and implementing math activities (Kagan & Halmatov, 2017),
assessment and family participation dimensions (Akinci-Cosgun &
Yilmaz, 2021). In addition, it was indicated that most early mathemat-
ics studies were conducted with children, and quantitative research
methods were used (Altan et al., 2021). However, there is a dearth of
research on the experiences of teachers who implement project-based
mathematics applications in their classrooms.

Since early mathematical skills form the basis for later mathemati-
cal skills, the Mathematics Mobilization initiated by the Ministry of
National Education and the e-Twinning, Scientix, Future Classroom
Lab, DesignFILS, Novigado and Edusimsteam projects carried out
under the coordination of the General Directorate of Innovation and
Educational Technologies (YEGITEK) have come to the fore in our
country based on the importance of providing quality content and envi-
ronments to children in the pre-school period (https://matematik.eb
a.gov.tr). In addition, a special call was opened for mathematics in the
2022-2023 period in TUBITAK Science and Society-Based Projects.
Many pre-school teachers carry out math-based projects in their class-
rooms by taking advantage of these resources and collaborations, and
go on the way to enriching their experiences theoretically and practi-
cally by taking academic support. Examining the experiences of teach-
ers who attach importance to mathematics education can be a guide
for other teachers and researchers. This study was conducted in order
to determine the experiences of pre-school teachers who have project
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experience in mathematics. This research will seek answers to the fol-
lowing questions:

*  What are the concepts/skills that pre-school teachers consider
important in early mathematics education?

e What are the ways for pre-school teachers to evaluate children’s
math achievements and reduce individual differences?

e What are the achievements of pre-school teachers from mathemat-
ics projects?

e What are the recommendations of pre-school teachers about high-
quality mathematics education?

Methods

This study is structured with phenomenology, one of the qualita-
tive research methods. According to Creswell (2023), phenomenol-
ogy research aims to make deep sense of individuals’ experiences
and perceptions by enabling participants to describe and detail their
experiences and to reveal common structures. In the research, phenom-
enology has provided an examination of the early mathematics-related
experiences of teachers who have been involved in various mathemat-
ics-related projects.

Study Group

The study group of the research consisted of pre-school teachers
working in pre-school education institutions in the 2022-2023 aca-
demic year. In order to determine the teachers in the study group, the
teachers were determined primarily by the criterion sampling tech-
nique, which is a type of purposeful sampling method. Participants
who meet certain criteria in the criterion sampling method are included
in the study (Biiyiikoztiirk et al., 2017). When determining the teach-
ers to be included in the study group, it was taken into account that the
teachers had taken part in early mathematics-related projects.

Accordingly, pre-school teachers who participated in e-Twinning
and TUBITAK projects involving mathematics were contacted through
social media, and 15 pre-school teachers volunteered to participate in
the study. The demographic characteristics of the pre-school teachers
participating in the study are given in Table 1.

Considering the demographic characteristics of the pre-school
teachers participating in the study, it was found that the majority (f'=
8) were between the ages of 30 and 35 and had a bachelor’s degree (f
= 10). When the professional experience of the teachers is analyzed, it
is seen that most of them (f'= 8) have 11-15 years of experience and
the other teachers (f'= 3) have 6-10 years and 16-20 years (f'= 4) of
professional experience. When the provinces where they worked were
analyzed, it was determined that they worked in five different prov-
inces (Ankara, Erzincan, Balikesir, Kocaeli, Edirne), and most (f'= 10)
worked in Ankara. Most teachers (f= 10) participated in TUBITAK and
e-Twining projects (f=8). They include mathematics education (every
day /= 13) in their classes. The factors that enabled them to realize the
importance of early mathematics were undergraduate education (= 6),
projects (f= 6), and the trainings they attended (f'=5).

Data Collection Tools and Data Collection Process

In order to collect the data in the study, first of all, the literature
was examined, and the “Pre-School Teachers” Views on Mathematics
Education Determination Form was created. The form was submit-
ted to five experts in the field of pre-school education and evaluated
in terms of scope and comprehensibility, and after the corrections
were made according to the expert feedback, an Ethical Permission
application was made. After the approval was obtained from Aksaray
University Human Research Ethics Committee, a pre-experiment was
conducted by interviewing a teacher (Approval no: 2023/03-71, Date:
25.04.2023).


https://matematik.eba.gov.tr
https://matematik.eba.gov.tr

HAYEF: JOURNAL of EDUCATION

Table 1.
Demographic Information of Teachers
Demographic
Characteristics f
Age 30-35 years old 8
36-40 years old 3
Over 41 years old 4
Educational status Undergraduate 10
Master 5
Professional experience 6-10 years 3
11-15 years 8
16-20 years 4
The province where they Ankara 10
work Erzincan 2
Balikesir 1
Kocaeli 1
Edirne 1
Projects they TUBITAK project 10
participated in related  E_Twinning project 8
to early mathematics In-service training 5
Mathematics mobilization workshop 3
Montessori education 1
Resources related to Social media etc. 15
mathematics education  Academic publications 2
Children’s books 3
Activity books 2
Frequency for inclusion Everyday 15-20 minutes 1
of mathematics 30 minutes 1
education in the 1 hour 5
program At every opportunity 6
3 days a week 1 hour 1
4 days a week 30-45 minutes 1
Factors that enable Undergraduate education 6
them to realize the The trainings they attended 5
importance of early Projects (E-Twinning, TUBITAK) 6
mathematics Following academic publications 2

With the experiences obtained from the preliminary trial, the form
was finalized, and the actual application was started. For the actual
application, teachers who took part in early mathematics-related proj-
ects were contacted via social media, and information about the study
was provided. “Informed Consent Form” was presented to the teachers
included in the study, and necessary information about the research was
given. Since the teachers work in different provinces, interviews were
conducted with online sessions. The interviews were audio recorded
with the approval of the teachers at the beginning of the interviews, and
the interview forms were filled in after the interviews were completed.

Data Analysis

The data obtained from the interviews with pre-school teachers
were analyzed by content analysis. The main purpose of content analy-
sis is to reach concepts and relationships that can explain the collected
data. The findings are interpreted by bringing together similar data
within the framework of certain concepts and themes (Creswell, 2023;
Yildirim & Simsek, 2016).

In the research, the audio interview recordings obtained from the
teachers were transferred to a computer environment and transcribed.
Codes such as T1, T2, T3 are given within the scope of ethical prin-
ciples to be used in direct quotations from teachers. The general struc-
ture and content of the data obtained from the teacher interviews were
analyzed to understand the related structure. Then, codes were created
to divide the obtained data into categories. A detailed examination was
made during the creation of the coding system, and after completion,
similar codes were combined, and common themes and subcategories
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were revealed. For the explanation and interpretation of the themes,
the data were analyzed in detail and presented together with teacher
quotations.

Validity and reliability in qualitative research should be consid-
ered in different contexts than quantitative research. The precautions
taken and strategies applied for validity and reliability in the research
are explained. In qualitative research, validity criteria such as “expert
opinion, participant confirmation, inter-coder reliability, and rich
description” are recommended to look holistically and to verify the
consistency of the results. In the study, expert opinion, participant con-
firmation, and inter-coder reliability were utilized to ensure internal
validity. In this context, expert opinion was taken while formulating
the interview questions, no change was made in the number of ques-
tions, which was nine, and adjustments were made in the wording
of the questions. Feedback from participants is required in data and
ambiguous interpretations. In the current study, feedback was received
from teachers for participant confirmation during and after data collec-
tion (Merriam, 2015; Yildinim & Simsek, 2016). When the inter-coder
agreement was calculated (Agreement/(Agreement+ Disagreement) X
100), the agreement rate was 87.5%. Since the inter-coder reliability
coefficient is above 80%, it shows that the reliability is sufficient (Miles
& Huberman, 1994). Detailed descriptions and purposeful sampling
methods are proposed to ensure external validity in qualitative research.
The opinions of the participants should be described in detail at this
point, in order to ensure depth and integrity with rich descriptions, the
opinions of the teachers are presented in detail in the research findings
with direct quotations. Purposeful sampling was also used when deter-
mining the sample group of the research. External validity provides
transferability; thanks to these methods, it supports being more experi-
enced and aware when research is transferred to similar environments
and processes (Merriam, 2015; Yildirim & Simsek, 2016).

Reliability is explained separately as internal reliability and exter-
nal reliability. Considering that researchers perceive and interpret
situations and events differently at the point of internal reliability in
qualitative research, evaluating it as scientific and taking measures
for it is recommended. In the current research, among the strategies
suggested by LeCompte & Goetz (1982) regarding internal reliabil-
ity, direct presentation of the collected data and the involvement of
more than one researcher in the research were used to ensure internal
reliability (Yildirnm & Simsek, 2016). Detailed information about all
stages of research related to external reliability should be included and
credibility should be increased. In the study, raw data were analyzed
by two different researchers at different times and efforts were made to
prevent personal interpretations that may occur in the results. In addi-
tion, sample selection and interview process were explained in detail
(Yildirim & Simsek, 2016).

Results

In line with the content analysis of the interviews with the teach-
ers, seven themes were obtained as “concepts/skills addressed in early
mathematics education”, “mathematical skills that children have dif-
ficulty with”, “points to be considered in the mathematics education
process”, “ways to reduce individual differences”, “evaluation of
mathematics achievements”, * achievements obtained in the math-
ematics education process” and ‘“suggestions for quality early math-
ematics education” (Figure 1).

Each theme is discussed separately under the heading and explained
below.

Concepts/Skills Addressed in Early Mathematics Education
Examining the opinions of the teachers about the concepts they
addressed in early mathematics education, it was found that the majority
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Figure 1.

The themes involving the views of teachers with project experience on mathematics education.

of them (f'= 9) reported relying on the cognitive domain acquisitions
and basic mathematical skills emphasized in the Ministry of National
Education pre-school education program. In addition, some teachers
stated that they gave more space to meaningful counting (/= 2), pattern
(f=2), problem-solving skills (f=2), and cause-effect relationship (/=
1) skills in practice (Figure 2).

Regarding the cognitive domain acquisitions and basic mathemati-
cal skills, T7 expressed his/her opinion as follows.

T7: “We have all of them. There is no specific concept you elabo-
rate. At first we started with a comparison. We continued with
the ranking. We continued with pairing. We have progressed step
by step.”

Stating that he/she focuses on the cause—effect relationship and
problem solving, T3 stated his opinion as follows.

73: “I make them focus more on cause-effect relationships. In
other words, when the child sees the cause or the result of some-
thing, it is easier for me to reach a concept or it helps me to find
the way I will go or the way he/she will find after reaching that
concept.”

T9’s opinion about meaningful counting is as follows

T9: “for example, lets say I gave the child five objects. When [
want these five objects, I want them to be complete, or when 1

show him/her the number five against him/her, when I want him/
her to complete it with the object, I want him/her to select and
complete it, lets say five toys from there.”

The views of T2, who stated that the pattern was important in early
mathematics:

T2: “I think there is a little confusion in the pattern. For exam-
ple, they can rank, group very quickly. They can distinguish
quickly. But I'm thinking about patterns. And when I gave the
first pattern, they always thought it would only be wrapped in
yellow, red, yellow, red. Now, I think that children’s creativity
develops in such a way that every time they say, “oh, there are
also seasons, there are also days of the week.”

The Points Where Children Have Difficulty in Early Mathematics
Teachers stated that children had difficulties in three-dimensional
shapes (f=4), time (f=4), reasoning-association (/= 3), graphics (/=
3), meaningful counting (f'= 3), recognizing numbers (f = 2), mea-
surement (f'= 2), and distinguishing right and left (= 1) (Figure 3).

When the teacher statements were analyzed, many difficulties were
expressed such as

T3: “if I think about the beginning of learning, children have
difficulty in measurements. They have difficulty reading graph-
ics. For example, the concept of right-left that I have observed,
1 mean, they learn it hard, but then it seems getting easier. I also

ognitive domain acquisitions and
basic mathematical skills
emphasized in the Ministry of

ey

Nati 1 Ed

pre

education program

CMeaningful counting )
L

(Problem solving skills)
Figure 2.

Concepts/skills addressed in early mathematics education.
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Figure 3.
The points where children have difficulty in early mathematics.

observe that they have difficulty with time. So, for example, the
concepts of yesterday and tomorrow are a little bit difficult to
grasp. For example, they confuse the concepts of broad and
narrow.”

T4 stressed the following while explaining three-dimensional
shapes:

T4: “ for example, when they see a circle in a picture, they see
a half circle, they do not say half, they call it a circle directly, or
if they see a cube, they call it a square, if they see a sphere, they
call it a circle. For example, they cannot do these”

T8 regarding the concept of time:

T8: “Today, tomorrow, they all mixed together. For example,
they say tomorrow, my teacher, I came to you, they say, for exam-
ple. They say I was coming to you tomorrow. Then they have a lot
of shortcomings in the concept of time.”

It is observed that children have difficulties, especially in the con-
cept of time and spatial perception skills that require mathematical or
spatial thinking.

Being in contact with
families

Learning from concrete
to abstract
L

Progressing from the
concepts they see
missing

Preparing activities for
their developmental level
and previous knowledge

Figure 4.

Points of attention when organizing the mathematics education process.

Time

Graphics

Recognizing numbers

Distinguishing right
and left

Points of Attention When Organizing the Mathematics Education
Process

While organizing the education process related to early mathemat-
ics, the teachers stated that they paid attention to points such as being in
contact with families (f= 7), thinking of mathematics as a whole (/= 6),
learning from concrete to abstract (f= 6), enabling them to notice the
mathematics around them (f'= 6), progressing from the concepts they
see missing (f = 4), gaining a love for mathematics (f = 4), preparing
activities for their developmental level and previous knowledge (/= 3),
and using free time effectively (f'=2) (Figure 4).

T3’s views on family are as follows;

T3: “what I have noticed in these last five years and what I am
trying to implement is to create awareness in the child and in
his family. For example, we call it literacy preparation study or
maths study. The first thing that comes to their minds when they
hear the word “maths” is the number or learning the numbers.
From my point of view, [ made changes in the direction of creat-
ing awareness about these issues for parents and then students
that math activities are not just about this.”

T4 emphasizing the points of learning, having fun, loving math-
ematics, and relating it to life, expressed:

Thinking mathematics
as a whole

Enabling them to
notice the mathematics
around them

Gaining a love for
mathematics

Using free time
effectively




Aydin Béliikbas and Ulutas. Examining the Views of Teachers with Project Experience on Early Mathematics

1 say at first that comparison is fundamental at all events. Then
I make them have fun, love it. Because if you don't make it fun,
there is something mutually negative in the perception of math-
ematics in children, so I want it to be experienced fun in practice.
1 want them to realize that mathematics is actually something
that is not very difficult. So the preliminary basic point is to have
fun, attract their interest, and when you combine this with differ-
ent types of activities, they already see it. Associating with life is
actually the important point.

In addition, T12 also stated that:

For example, on a small rectangular board, screwing a nut, but the
sizes are different, and the children make the concept of big and
small and which one goes with which one completely by looking
inside the nut and using visual perception. Additionally, I'm using
keys and locks. So I'm trying to attract the attention of children
by creating more centers like this. We already have a math center

Stating that it enables children to understand mathematics by pre-
senting materials from the objects around them.

Ways to Reduce Children’s Individual Differences in Mathematics

Teachers stated that they tried to reduce the individual differences of
children in mathematics by using individual attention (f=13), coopera-
tion with family (f'= 6) and peer learning (f'= 4) (Figure 5).

T4 expressed his/her opinion about individual attention as follows:

Whatever they ask me, I will definitely answer, [ will definitely
listen. The process of their talking to me about mathematics is
effective there. It happened even today. Let me say it was a little
more difficult; I provide close support.

Considering the views of T8 on this issue:

T8: “I don't just think about it mathematically. For example,
language development is lagging behind. For example, they are
behind in the social sensory field, behind in mathematics. There is
such slight differences in all of them. Sometimes there is individ-
ual and sometimes peer teaching, I take those who can and those
who cannot at the same table, sometimes they do it quickly.”

It was found out that it provides individual attention and peer sup-
port to children not only in mathematics development but also by tak-
ing into account other areas of development.

In order to reduce individual differences, T2 stated that it uses indi-
vidual and peer support in the following way:

T2: “ I'm trying to make it a little more difficult for the children
who advanced more. I also try to take them individually. The
best time for us is free time. In my free time, I take the children
who advanced more and the children who are behind individu-
ally. Then I integrate them. I make sure that the student who is
at an advanced level and the student who is at a slightly back-
ward level play games together, of course, we always teach with
games. I make sure that they interact together during the game.
Because they really like to help each other.”

T12 stated using peer and family support as follows:

T12: “For example, I do peer education by planning a child who
needs support to sit between two children in the activity. Apart
from that, I send some activities to families at certain intervals.
Games they can play or responsibilities at home, usually kitchen
skills, household responsibilities.”

Evaluation of Mathematics Achievements

When the teachers’ opinions about the ways of assessing early math-
ematics outcomes are analyzed, it was revealed that they frequently
reported that they made observations (= 10). In addition, it was deter-
mined that they also used ways such as evaluation according to the
outcomes (f=4), engaging in mathematics conversations (dialogues) (f'
= 2) and asking questions (f'= 2) (Figure 6).

Stating that he/she made observations and conversations in order
to evaluate the achievements of the children, T4 stated his/her opinion
as follows:

T4: “I am constantly observing. I'm asking, what is your idea.
1 try to involve them in the conversation as much as possible. If
they disagree, I do not force them at that moment, then I ask them
individually. What did you do? Did you get it? What part of it
didn 't you understand? I support them in that sense. When it is a
year, the achievement is ahead of the indicator, the children are
aware that they are getting it. They have awareness of measure-
ment. They have an awareness of shape, geometry. I noticed on
the math talk...”

T3 stated “I always sit the children down and make an end-of-
day session. Sometimes if I don't do it at the end of the day, 1
can also apply the end of the day after the event. For example,

(lndividual attention )

Cooperation with
family

Peer learning

Ways to reduce
| individual
differences

Figure 5.
Ways to reduce individual differences.
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( Observations

Figure 6.
Ways to evaluate children’s achievements in mathematics education.

we played a game of grouping according to colors. During the
conversation, 1 ask the child who had difficulty there, what did
you have difficulty with? Were the reds hard to find? Were the
yellows found difficult? Which one did you have difficulty in? 1
do my evaluation by making them talk with questions like that.”

He/she stated that he/she tried to reveal the achievements of the
children with questions.

Achievements Obtained in the Process of Mathematics Projects

During the early mathematics education projects, it was found that
the teachers gained positive reactions of families (= 5), sharing infor-
mation with colleagues (f' = 2), sharing information with academicians
(f=2) and conducting research (f=2) (Figure 7).

02 expressed his/her views on sharing information with academ-
ics, conducting research and the positive reactions of families as
follows:

the support of academics in mathematics education projects was
very important for my development. I do a lot of research before
making a plan. I'm examining different activities. The reaction of
the families is also good. I'm getting positive feedback. Parents
say that their math skills have improved. They say their child is
beginning to be more aware...

Confirming the accuracy. Research. Yes, I would say this is how
it is applied. If what I'm doing is wrong, I'll fix it. Making deci-
sions together. Yes, it can force my colleagues. Because projects
are orientated towards teaching. When they go on the same path,
it brings great success. Its a super improvement.

06 stated the following about the positive reactions of the families:

parents always say when they go to first grade and second grade
that teacher, you forced us, but it’s good that you forced us.
Because we have seen a lot of benefits. I mean, I’'ve been work-
ing at the same school for twelve years, I get feedback like this.
Every year..

by drawing attention to the fact that it facilitates adaptation during
the transition to primary school.

Positive reactions of
families
-
Sharing information with
academicians
Figure 7.

Achievements obtained in the process of mathematics projects.

Evaluation according
to the outcomes
-
Making mathematics Asking questions
conversations (dialogues)

Recommendations for High-Quality Early Mathematics
Education

When the opinions of the teachers about what should be done for
quality early mathematics were examined, they made suggestions
such as in-service training (f' = 7), being open to learning (f'= 4), fam-
ily involvement (f' = 3), high-quality undergraduate education (f'= 2),
mathematics activity collection (f= 2), making mathematics projects (f'
= 1), using technology effectively (f= 1), following children individu-
ally and providing appropriate support (f = 1), using natural materials
(f=1), finding different techniques (f'= 2) (Figure 8).

On the topic of in-service training:

T4: “Teacher training. Because there should be correct practice
and practical training. 1 think this point will end with teacher
training. They need to learn how unnoticed mathematics is...”

and emphasized that the role of teachers is more decisive in math-
ematics education.

T1 emphasized that “...J think it is necessary to have more natu-
ral materials, materials that children can sit individually and
take into their hands and be interested in. It is necessary to ben-
efit from all kinds of children’s wishes and readiness. Of course,
1 also think that the teacher should be willing in this regard, so
that training can be given on this subject.”

and drew attention to natural and concrete materials, readiness and
teacher training.

When the views of T12 on the importance of qualified undergradu-
ate education are examined;

T12: “Education in universities is very important. For example,
my colleagues do not know how to write math activities. I mean,
when I say mathematics activity, it is perceived as adding, making
a pattern. Besides, they do not know how to gamify. I mean, they
really don 't know that mathematics can be taught through games.
In this sense, this should definitely be supported by education at
universities. Secondly, there are quality written plans. For exam-
ple, in that period, we wrote very high quality plans in the teach-
ing practice course. Very good games, materials, these plans

Sharing information
with colleagues
CConductlng research )
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In-service training

<Being open to learning

High-quality
undergraduate education

Recommendations

Family involvement

Mathematics activity
collection

for high-quality

“early mathematics
education

Making mathematics
projects

Following children
individually and providing
appropriate support

Using technology
effectively

Using natural
materials

Finding different
techniques

Figure 8.
Recommendations for high-quality early mathematics education.

can be collected and actually something can be done. Under the
name of exemplary mathematics activities, there can be activi-
ties that can provide my colleagues with such predictions, that is,
activities that can be an example, that can offer ideas.”

It is seen that the content of the undergraduate program in terms of
mathematics education, its integration with games and activity plan-
ning is clearly defined.

For quality early mathematics education,

T13: “I mean, mathematics needs to be repeated in many differ-
ent ways. I mean, for example, if you just give it on paper with-
out writing numbers, it is not enough. It is necessary to include
concrete objects a lot, and you can do it in many different ways,
with different methods, for example, you can do it with a digital
story, then you can give the same concept again with a concrete
material. Then you can give it again on paper. In other words, 1
think it is necessary to re-present it again and again using differ-
ent techniques in order for it to be qualified. I think that a single
way is not enough for children.”

Emphasized that it is important to use different materials and meth-
ods and that it should not be presented only with paper or a single
material.

Discussion, Conclusion, and Recommendations

This study, which examined the views of pre-school teachers on
quality early mathematics education, revealed themes such as concepts/
skills considered important in early mathematics education, mathemat-
ics skills that children have difficulty with, points to be considered in
the mathematics education process, ways to reduce children’s individ-
ual differences in mathematics, ways to evaluate mathematics gains,
gains obtained during mathematics projects, and suggestions for qual-
ity early mathematics education.

When the opinions of teachers about the concepts they cover in
early mathematics education were examined, it was determined that
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the vast majority of them are based on the cognitive domain achieve-
ments and basic mathematics skills emphasized in the Ministry of
Education Pre-school Education Program, while some teachers give
more space to meaningful counting, pattern, problem-solving skills,
and cause-effect relationship. Although teachers take basic achieve-
ments and skills as guides, they can place some skills more often
according to children’s interests, needs, professional experience, and
interests. When we look at the previous studies, it is noteworthy that
teachers focus on number and counting skills (Baki & Karadeniz
Hacisalihoglu, 2013; Firat & Dinger, 2018; Karakus et al., 2022;
Organ Kagan & Halmatov, 2017; Yazlik & Ongéren, 2018). Although
mathematics education is based on cognitive development, it has a rich
coverage with content (counting, algebra, geometry, measurement,
data analysis, probability) and process (problem-solving, reasoning
and proof, communication, association, representation) standards. In
this direction, it is noteworthy that the teachers participating in the
research give place to the content and process, but their skills for the
process are less indicated. In order to provide comprehensive math-
ematical learning and support children’s learning experiences, it is
important that teachers also use pedagogical knowledge, and math-
ematical content and processes effectively (Bjorklund & Barendregt,
2016). Accordingly, Lee and Ginsburg (2009) stated that teachers
should think broadly in early mathematics education and emphasized
the deep and comprehensive support of mathematics skills. In this
context, problem-solving, graphics making, data analysis, and com-
munication skills that support the mathematics content should also be
included more in the process.

The findings obtained from the teachers revealed that children
have difficulty in skills such as three-dimensional shapes, time, rea-
soning-association, creating graphics, meaningful counting, recogniz-
ing numbers, measuring and distinguishing right and left. In the study
of Or¢an Kagan & Halmatov (2017), teachers stated that children
have difficulty with numbers, processing, and measurement. Abstract
thinking in mathematics is considered as a process in which children
reorganize pre-determined mathematical symbols and structures
(Tzekaki & Papadopoulou, 2017). Content and processes such as mea-
surement, time, graphics, recognizing numbers, and distinguishing
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right and left require children to reorganize mathematical symbols
and certain structures. In high-quality early mathematics practices,
it is important to use strategies such as making children aware of
mathematical content and situations in their environment, involving
children in the learning process in a consistent and level-appropriate
way, creating enriched educational environments that include differ-
ent methods or alternative practices based on their daily experiences
(Vogler, 2019; Tzekaki, 2020), filling in the concepts for them to think
deeply, and making their learning concrete with the use of materials
(Lee & Ginsburg, 2009). However, the math learning process changes
with the child’s development, readiness, and experiences. Every child
can get stuck or jump to different points in their learning process. The
difficulties encountered can be facilitated by child-specific learning
paths and mathematical content that moves from the concrete to the
abstract.

When the points that the teachers paid attention to while organiz-
ing the mathematics education process were examined, the following
findings were obtained: being in contact with families, thinking math-
ematics as a whole, learning from concrete to abstract, enabling them
to notice the mathematics in their environment, progressing from the
concepts they found missing, gaining a love for mathematics, preparing
activities for their developmental level and previous knowledge, and
using free time effectively. Since the cooperation of family and teacher
in the mathematics process ensures that early mathematics education is
supported at home and the environment and opportunities offered to the
child are increased (Clements & Sarama, 2020), it ensures that families
are self-confident about mathematics (Sonnenschein et al., 2021) and
reduces the inequalities arising from the socioeconomic level (Ersan &
Rodriguez, 2020) and therefore increases the child’s school readiness
(Lombardi & Dearing, 2021). For this reason, it is necessary to cooper-
ate with the family in mathematics education.

It has been found that the teachers participating in the study evalu-
ated mathematics as a whole. Teachers may have evaluated mathemat-
ics as a whole in terms of conducting project-oriented activities. Erden
& Tonga (2020) stated in their study that children’s early mathemat-
ics skills should be supported with activities that are connected and
integrated with their daily life experiences. Mathematics is an inter-
disciplinary field related to psychology, education, and neuroscience
(Gilmore et al., 2018). Mathematics needs to progress integrally in
terms of its structure, and it is recommended that concepts be given
integrally rather than given as separate skills. However, within this
integrated structure, the areas or methods to be integrated with the
mathematical skills to be acquired by children should be coordinated in
a balanced manner (Lee & Ginsburg, 2009). In order for the child to see
mathematics as a whole, useful activities would be those that they can
associate with life, where they will see mathematics as an important
part of life, rather than transaction-based problems.

It has been determined that pre-school teachers also emphasize the
concrete-abstract balance in the points they pay attention to in early
mathematics education. In the study of Yazlik & Ongéren (2018),
teachers stated that they both benefited from concrete materials and
used number cards by paying attention to the principle of transition
from concrete to abstract in early mathematics. Lee & Ginsburg (2009)
examined teachers’ misconceptions about early mathematics and stated
that one of the misconceptions was working only with concrete materi-
als. They emphasized that challenging and encouraging mathematics
content should be presented to children and that mathematical learning
should not be limited to the concrete one. It can be said that the teachers
participating in the study should pay attention to the concrete-abstract
balance, that they are aware of the progress from concrete to abstract
in learning, and this will make an important contribution to supporting
children’s reasoning processes.
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When looking at how teachers evaluate early mathematics skills,
it has been found that they are in the form of observation, assessment
according to achievements, conversations/dialogues, and asking ques-
tions. Accordingly, evaluations should be made to understand whether
mathematics education processes meet the needs of every child
(NCTM, 2013). It is emphasized that teachers should use observation,
documentation, and other evaluation tools in early childhood educa-
tion assessments in a way appropriate for developmental, cultural, ethi-
cal, ability, and language and in cooperation with other adults around
the child. The main purpose of the assessments is to decide how the
learning processes should be organized in the most appropriate way
for children (Clements & Sarama, 2020; NAEYC, 2020). Ceylan &
Aslan (2023) suggest that individual differences in early mathemat-
ics skills appear from preschool, so assessments should be made with
child-centered measurement tools. Anthony et al., (2015) emphasize
that teachers evaluate children only during math-related activities, but
studying children thoroughly during the educational process is impor-
tant. They also state that making the assessments qualified is important
in terms of increasing the potential of early math opportunities. Akinci-
Cosgun & Yilmaz (2021), stated that teachers did it after the activity
in early mathematics, but they did not use evaluation methods such as
portfolio, observation, interview, anecdotal record, etc., and that they
lacked knowledge about evaluation. At this point, although it is impor-
tant for preschool teachers to use different methods when evaluating
math skills, it can be said that the evaluation will provide clearer data
about children when it is performed in a multifaceted and as a whole.

It was determined that teachers try to reduce the individual differ-
ences of children in mathematics education by individual attention,
cooperation with the family, and peer learning. Mathematics knowl-
edge begins to be acquired from an early age and forms the basis for
more complex mathematical thoughts and academic skills in later peri-
ods (Bjorklund et al., 2020; Donlan, 2020; van Oers & Poland, 2012).
It is quite difficult to eliminate the gaps in children’s learning in the
later periods (Duncan et al., 2007; Reikeras & Salomonsen, 2019).
Cakir & Ergiil (2022) reported that 42% of children with low early
mathematics performance had low working memory performance and
had higher risk levels for future mathematical failures. Moreover, Kog
(2017) stated that individual differences caused by differences in chil-
dren’s math learning speeds and excessive classroom availability are
the points where teachers have difficulty. One of the most important
points in individual differences is that the necessary arrangements are
made to meet the needs of the children at the lowest level in the class
and the children at the highest level. For example, instead of presenting
the same problem situation to children with high math performance by
teachers repeatedly, it is necessary to create more challenging problem
situations for them. On the other hand, care should be taken to present
problems that do not reduce the self-efficacy of low-performing chil-
dren and not to discriminate between high and low performance in the
classroom (Clements & Sarama, 2020).

Family participation in early childhood settings is also important in
terms of reducing individual differences. In the process of observing
and evaluating individual differences, the teacher and the family need
to move forward together, as well as carry out subsequent processes
together (NAEYC, 2020). In their study, Bailey and Bulotsky-Shearer
(2022) state that the cooperation of teachers and parents, especially in
relation to the needs and strengths of children with individual differ-
ences, will positively impact children’s learning behaviors related to
mathematics. Similarly, Cook & Coley (2017) concluded that when
teachers involve families in the educational process, their mathemat-
ics skills are positively affected. The cooperation with the parent will
increase the awareness of parents about the mathematical develop-
ment of children and will create an opportunity to support the child
at home.
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Peer learning also makes an important contribution to reducing
individual differences between children. As the Montessori stated
Montessori (1967): “Our schools show that children of different ages
help one another. The younger ones see what the older ones are doing
and ask for explanations. They are quite ready to make this statement.
These are readily given, and the instruction is really valuable, For the
mind of a five year old is so much nearer than ours to the mind of
a child of three The older ones are happy to be able to teach what
they know. There are no inferiority complexes, but everyone achieves
a healthy normality through the mutual exchange.” (Lillard, 2005,
s. 192). For this reason, peer education is a frequently preferred way
to learn mathematics (Harris, 2019). However, Wood & Frid (2005)
noted that peer support is not alone and should be strengthened through
interactive ways such as creating a discussion environment. Similarly,
Tudge (1992), in his study examining the effects of peer support on
reasoning in mathematics within the scope of convergent develop-
mental domain (Vygotsky & Cole, 1978), states that it is important to
develop a common understanding and conversations between children
during peer support. In this direction, it is necessary to determine the
cause of individual differences, to consider one-on-one, family, peer
paths together according to the characteristics of the child. Supporting
children developmentally with equal opportunities in education will
contribute to reducing individual differences in terms of ensuring sus-
tainability in educational achievement.

When teachers’ achievements from mathematics education-ori-
ented projects were analyzed, positive reactions of families, sharing
information with colleagues, sharing information with academicians,
and development of research skills were found. In high-quality math-
ematics programs, all stakeholders related to the children, such as the
classroom, school, family, and society, should work together to cre-
ate the necessary educational environment and resources for children
during the educational process (NCTM, 2013). Family participa-
tion is systematically included in math-oriented projects. Therefore,
there is an increase in the attitudes and perceptions of families; they
are more open to cooperation (Silver et al., 2023; Ramani & Siegler,
2008). Projects are carried out in cooperation with colleagues and field
experts; planning, preparation, and implementation sessions are held
for common goals. These experiences help teachers gain more con-
fidence about early mathematics and lead them to collaborative prac-
tices. Thus, teachers are encouraged to provide children with different
experiences in early mathematics and develop their research skills
(Fishman, et al., 2003).

Among the suggestions offered by pre-school teachers for quality
early mathematics education were in-service training, teachers’ open-
ness to learning, family involvement, qualified undergraduate edu-
cation, mathematics activity collection, e-Twinning projects, using
technology effectively, following children individually and provid-
ing appropriate support, using natural materials, and using different
techniques. When the related literature was examined, similar find-
ings were obtained indicating that teachers need support other than
undergraduate education related to mathematics education (Kog,
2017), teachers should receive qualified trainings that support their
knowledge and practices (Or¢an Kagan & Halmatov, 2017), and they
should receive in-service training in planning and evaluating activi-
ties (Pekince & Avci, 2016). Teachers are the most important com-
ponent in providing qualified early mathematics experiences (Stoll,
2015). Although rich environments for early mathematics prepared
by teachers for children are an important indicator of qualified edu-
cation, they are not enough on their own. The scope of mathematics
is quite wide, and teachers should actively participate in the educa-
tional process in order to support and improve children’s mathemati-
cal skills (Lee & Ginsburg, 2009). It can be said that the participation
of teachers in high-quality, organized and applied early mathematics
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content trainings related to pedagogical field knowledge, individual
differences, and mathematical thinking processes will enable them
to organize the classroom environment with better quality. With the
mathematics education to be given to teachers systematically, it can be
ensured that they are aware of current learning methods and enrich the
context of mathematics education.

This study is limited to the statements of teachers with project expe-
rience. Since it is carried out within the framework of the qualitative
method, it may not be possible to generalize, so research can be carried
out in which quantitative and qualitative methods are used together.
Teachers with experience in mathematics-oriented projects were
recruited to the study group, their views on mathematics education
were examined, and they tried to be a guide for educators and research-
ers. Future studies can be conducted with pre-school teachers with low
and high mathematics motivation or perception, and the reasons that
prevent or increase the enrichment of mathematics in the educational
environment can be revealed comparatively.
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