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Abstract                                                                     

Background/purpose. The role of early childhood education (ECE) 
teachers is very important in building the foundation of mathematics, 
such as recognizing counting, patterns, and problem solving. However, 
many teachers still face challenges in understanding mathematical 
concepts in depth. This study aims to investigate the level of 
Mathematical Knowledge for Teaching (MKT) among early childhood 
education teachers and understand the factors influencing their MKT 
levels, serving as a foundation for designing an effective professional 
development programmed (PDP). 

Materials/methods.  This study uses an exploratory case study design 
because it allows researchers to understand the complexity of a 
problem and explore it in depth. This study involved 5 ECE teachers in 
West Java, Indonesia, with the following criteria: more than 10 years 
of teaching experience, BA in ECE, teaching in a public ECE school, and 
having more than 20 students per class. The data collection 
techniques include participant observation, tests, interviews, and 
documentation. The data analysis technique uses thematic analysis. 

Results. Research findings show that the limited knowledge of MKT of 
ECE teachers, especially related to basic mathematics skills and 
children's mathematics development, is influenced by several factors. 
These factors include the lack of special training in mathematics 
teaching, limited appropriate learning resources, limited teaching 
experience, and a lack of focus on professional development in 
mathematics.  

Conclusion.  Improving ECE teachers' MKT requires targeted training, 
better resources, and focused professional development. The 
contribution of this research is that it can improve the quality of 
mathematics teaching in ECE and support children's mathematics 
achievements in the future. 
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1. Introduction 

Early Childhood Education (ECE) is currently receiving attention from researchers worldwide, 
with mathematics education being one of the main focuses (Björklund & Ahlskog-Björkman, 2017; 
Papandreou & Tsiouli, 2022). This is because mathematics plays a crucial role in children's cognitive 
development, laying the foundation for logical thinking, problem-solving skills, and decision-making 
abilities in the future (Chen & McDunn, 2022; Drever et al., 2015; Hachey, 2013; Sudirman et al., 
2021). Additionally, mathematical skills acquired early in life can support understanding of other 
subjects, such as science and technology (Kermani & Aldemir, 2015; Park et al., 2017; Sudirman et 
al., 2024). With an engaging and age-appropriate approach, mathematics learning can also help 
children develop a positive mindset towards challenges and new tasks. 

Many studies highlight the importance of mathematics in early childhood. Watts et al. (2018) 
found that the mathematical abilities of children at 54 months significantly influence their 
mathematics achievement in school. Children's mathematical skills not only impact their future 
mathematical abilities but also other competencies (Efwan et al., 2024; Lino, 2016; Mellawaty et al., 
2019; Noviyanti, 2020; Piasta et al., 2015; Whittaker et al., 2020). Furthermore, Lino (2016) stated 
that children who receive well-designed developmental activities between the ages of 0 and 6 tend 
to perform better academically in areas such as reading, writing, and mathematics. Additionally, such 
children are more capable of engaging in social interactions compared to their peers and adults (Lino, 
2016). Therefore, high-quality, challenging, and accessible mathematics education for children aged 
3 to 6 years is a critical foundation for future mathematics learning (Dunphy, 2009). 

On the other hand, teachers play an important role in shaping mathematical skills (Fatihah et al., 
2023; Parks & Wager, 2015; Sudirman et al., 2023; Thiel, 2010) and significantly improving student 
achievement with long-term impact (Kilday & Kinzie, 2009). A good teacher, including a mathematics 
teacher, must master both content depth and pedagogical knowledge (Gasteiger et al., 2020; Leong 
et al., 2015). Therefore, the concept of Mathematical Knowledge for Teaching (MKT) must be 
possessed by early childhood education teachers. According to Ball and Bass (2003), MKT is 
knowledge of content used to recognise, understand, and respond to problems and tasks 
encountered in teaching mathematics. Thus, mastering MKT is crucial for teachers as this knowledge 
can influence student mathematics achievement (Ekmekci et al., 2019). 

However, there are several issues related to MKT faced by ECE teachers. According to Cerezci 
(2020) and Noviyanti and Suryadi (2019), most ECE teachers do not understand effective teaching 
strategies for connecting students' experiences with mathematics. As a result, many teachers use 
methods such as memorisation and practice in mathematics development activities (Gifford, 2004). 
Furthermore, Zhang et al. (2024) and Baumert et al. (2010) state that many ECE teachers lack an 
understanding of basic mathematics, students' mathematical learning, effective curricula, and 
teaching strategies for mathematics. In addition, high-quality mathematics learning development 
programmes are very rare compared to other fields such as reading, arts, or social skills (Clements et 
al., 2017). These issues highlight that there is minimal attention to mathematics in early childhood 
education, making professional development programmes for teachers essential (Clements & 
Sarama, 2011; Pela et al., 2023). 

Although the importance of early childhood mathematics education and the role of teachers in 
developing mathematical knowledge have been widely discussed in various studies, there remains a 
lack of research that specifically examines the level of MKT among early childhood education 
teachers, particularly within the Indonesian context. Most previous studies have focused more on 
children's learning outcomes or general teaching strategies, without exploring in depth the extent of 
teachers' content and pedagogical knowledge in mathematics. In addition, there is limited research 
identifying the factors that influence variations in MKT levels among early childhood teachers. This 
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gap is crucial to address, as the development of effective PDP for teachers greatly depends on an 
accurate understanding of the actual conditions and needs of teachers in the field. Therefore, this 
study seeks to fill this gap by investigating the MKT levels of early childhood education teachers and 
the factors influencing them, in order to provide a solid foundation for designing a relevant and 
contextually appropriate PDP model. 

Given the importance of MKT and the challenges faced by teachers in implementing 
mathematics development activities. The professional development programmed (PDP) can offer a 
solution to enhance MKT. PDP serve as a tool to improve and maintain the knowledge and skills 
relevant to a teacher's professional domain. To develop an effective PDP model, a thorough 
investigation into the mathematical knowledge of early childhood education teachers is required. 
Therefore, this study aims to investigate the level of MKT among early childhood education teachers 
and explore the factors influencing their MKT levels, providing a foundation for designing an effective 
PDP. The research questions are as follows: 

1) What is the level of Early Childhood Education (ECE) teachers’ Mathematical Knowledge for 
Teaching (MKT) in Indonesia? 

2) What are the underlying factors contributing to the limited MKT among ECE teachers? 

3) What type of Professional Development Program (PDP) is appropriate to improve ECE 
teachers’ MKT? 

4) To what extent can the proposed PDP—particularly the combination of summary strategy and 
Cognitively Guided Instruction (CGI) model—effectively address the limitations in ECE teachers’ 
mathematical knowledge? 

2. Literature Review  

2.1. Mathematical Knowledge for Teaching (MKT)  

MKT, as conceptualized by Ball et al. (2008), encompasses a multifaceted understanding 
essential for educators to effectively convey mathematical concepts. This framework comprises 
several interrelated domains, including Common Content Knowledge (CCK), which refers to 
fundamental mathematical principles, and Specialized Content Knowledge (SCK), which pertains to 
the unique mathematical understanding required for teaching (Ball & Bass, 2003). Additionally, it 
includes Knowledge of Content and Students (KCS), which focuses on anticipating students' 
misconceptions, Knowledge of Content and Teaching (KCT), which integrates instructional strategies 
with mathematical content, and Knowledge of Content and Curriculum (KCC), which involves aligning 
pedagogical approaches with educational standards (Gess-Newsome et al., 2019; Kuntze, 2012). Early 
childhood educators frequently encounter challenges in developing a profound comprehension of 
MKT, particularly within the domains of SCK and KCS. This difficulty stems from the predominant 
emphasis on general child development in teacher training programs rather than a targeted focus on 
mathematical instruction (Björklund et al., 2020; Björklund & Barendregt, 2016). As a result, many 
educators struggle with designing lessons that effectively bridge abstract mathematical theories with 
concrete, developmentally appropriate learning experiences (Kermani & Aldemir, 2015). Without a 
solid grasp of MKT, teachers may find it challenging to diagnose students' learning difficulties, employ 
adaptive teaching strategies, and foster mathematical thinking in a way that aligns with young 
learners' cognitive development (Zhang et al., 2024). 

2.2. Factors Influencing Mathematical Knowledge for Teaching (MKT) in Early 
Childhood Education (ECE) Teachers 

The level of MKT among early childhood educators is significantly influenced by the availability 
and quality of professional training programs (Aguirre et al., 2013). Many teacher education curricula 
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prioritize general pedagogical approaches rather than specialized mathematical instruction, leading 
to a lack of structured training focused on essential mathematical concepts (Ball & Bass, 2003; 
Björklund & Barendregt, 2016). Without targeted professional development, teachers may struggle 
with conceptualizing mathematical ideas in ways that are developmentally appropriate for young 
learners (Noviyanti et al., 2020). Additionally, the absence of reflective practices within training 
programs hinders educators from critically assessing their instructional methods, thereby limiting 
their ability to adapt and refine their teaching strategies over time (Carpenter et al., 1996;  Kim, 2018). 

Furthermore, limited access to high-quality learning resources exacerbates the challenges faced 
by early childhood educators in strengthening their MKT. Many teachers rely on outdated or generic 
teaching materials that do not sufficiently address foundational mathematical concepts or align with 
the cognitive development of young children (Cerezci, 2020; Watts et al., 2018). The lack of emphasis 
on mathematics in professional development initiatives further contributes to this gap, as many 
programs focus primarily on social-emotional learning rather than fostering mathematical reasoning 
(Park et al., 2017). As a result, even experienced educators may struggle to effectively integrate 
mathematics into early childhood education, highlighting the urgent need for specialized training and 
enhanced resource accessibility (Ginsburg et al., 2008; Zhang et al., 2024). 

2.3. Professional Development Program for Mathematical Knowledge for Teaching  

Effective PDP for enhancing MKT among early childhood educators must incorporate practice-
based approaches that foster both theoretical understanding and practical application (Sarama et al., 
2003). Strategies such as lesson study, coaching, and collaborative learning enable teachers to refine 
their instructional techniques through continuous reflection and peer support (Kirkpatrick & 
Kirkpatrick, 2006). Integrating these approaches with child-centered mathematical learning theories 
ensures that teachers not only grasp fundamental mathematical concepts but also develop the ability 
to deliver them through engaging, developmentally appropriate activities (Piasta et al., 2015; Zaslow 
et al., 2010). Without a structured PDP that emphasizes both conceptual depth and pedagogical 
adaptability, teachers may struggle to effectively facilitate early mathematical learning (Sarama et al., 
2003). 

Moreover, an evidence-based PDP should include periodic evaluations to measure its 
effectiveness in improving teachers' instructional quality and students' mathematical development 
(Falletta, 1998). Ongoing assessments allow educators to identify specific gaps in their understanding 
and adjust their teaching strategies accordingly (Moore & Cuevas, 2022; Rini et al., 2023). 
Additionally, aligning professional development initiatives with real classroom challenges ensures 
that training is not merely theoretical but directly applicable to everyday teaching practices (Zaslow 
et al., 2010). By continuously refining these programs based on empirical data and participant 
feedback, the impact of PDPs on early childhood mathematics education can be maximized, 
ultimately leading to improved student outcomes and a more mathematically competent teaching 
workforce (Piasta et al., 2015; Sarama et al., 2003). 

3. Methodology  

3.1. Study Design 

This study adopts an exploratory case study design. This design was chosen because it allows the 
researcher to understand the complexity of a problem and explore it in depth (Sarwanto et al., 2020; 
Yaniawati et al., 2023). Additionally, this design enables the researcher to investigate the level of MKT 
and delve deeper into the factors that influence the MKT level among ECE teachers, as well as provide 
a broader insight into the existing context. With this approach, the researcher can formulate 
questions such as "What is the level of MKT among ECE teachers in Indonesia?" and "Why is the level 
of MKT among ECE teachers as such?" which are highly relevant to achieving the aims of this research. 
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3.2. Setting 

The participants involved in this study are five ECE teachers from one city in West Java, Indonesia, 
selected through purposive sampling. The selection process began with the researcher visiting the 
Head of the West Java Department of Education, specifically the Early Childhood Education Division, 
to obtain an overview of the ECE schools in the area. In this study, West Java was chosen as the case 
study location because it represents the general state of education in Indonesia. As the most 
populous province, West Java has a diverse range of schools and socio-economic backgrounds, 
making it relevant for studying the challenges in early childhood education. Additionally, West Java is 
actively involved in various educational reforms, particularly in mathematics education. Therefore, 
this study is expected to provide insights that will not only be beneficial for West Java but can also be 
applied to other regions with similar conditions. Thus, the choice of West Java is highly relevant to 
the purpose of this research. 

 After being provided with a list of ECE schools in the region, the researcher contacted public ECE 
schools to obtain permission and identify teachers who met the required criteria. There are five 
criteria for selecting the sample: (a) experience teaching at a kindergarten (with children aged 5-6 
years), (b) approximately 10 years of teaching experience, (c) holding a bachelor’s degree in early 
childhood education, (d) teaching in a public ECE school (not a private school), and (e) having at least 
20 students in the class. These criteria were designed to ensure that the research participants had 
sufficient teaching experience and a deep understanding of the ECE context in Indonesia. The 
selection was limited to teachers from public ECE schools due to differences in policies and resources 
available in public versus private schools. 

After these criteria were established, five schools met the requirements. The researcher then 
arranged meetings with the school principals and the recommended teachers. Before the 
implementation of the study, the researcher sought approval by asking the five selected teachers to 
participate voluntarily. The researcher explained the purpose, procedures, and expected benefits of 
the study to the teachers, ensuring that they clearly understood what would be involved during the 
study. Furthermore, the researcher assured the teachers that their participation was voluntary and 
that they were free to withdraw at any time without any negative consequences. Once the teachers 
had received sufficient information, they were asked to provide written consent as confirmation of 
their willingness to participate in the study. Subsequently, three teachers from the five schools met 
the required criteria. The criteria regarding the teachers’ gender, age, and school origin can be seen 
in Table 1. In this research, the participants are given pseudonyms, namely Ani, Popon, Santi, Siti, and 
Srimaya. 

Table 1. The criteria regarding the teachers’ gender, age, and school origin 

No School Total Gender Age 

1 State ECE School 1 1 All Female 25-45 years 

2 State ECE School 2 1 All Female 30-47 years 

3 State ECE School 3 1 All Female 28-43 years 

4 State ECE School 4 1 All Female 24-40 years 

5 State ECE School 5 1 All Female 28-45 years 

3.3. Data Collection Techniques 

Because this research aims to find about Mathematical Knowledge for Teaching (MKT), the 
activities carried out referenced the theory and concept of MKT. Therefore, the data collection 
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method was adjusted to the aspects contained in the Pedagogical Content Knowledge (PCK) and 
Subject Matter Knowledge (SMK). Following are the stages of the data collection. 

3.3.1 Analysis of Learning Cases 

In this activity, teacher participants were presented with articles on cases of classroom learning. 
This activity aims to find out the teacher's ability to analyse problems that occur in development 
activities and identify the strengths and weaknesses/shortcomings of the cases presented. The 
activity lasted for 45 minutes.  

3.3.2 Teacher’s Knowledge of Children’s Mathematical Development 

In this activity, the researcher examined the extent of the teachers’ knowledge of the processes 
and stages of children’s mathematical development. The questions given were related to verbal 
counting sequences, counting, ordinal number of words, addition/subtraction, divisions of sets, 
written number symbols, and words that refer to the Knowledge of Mathematical Development 
instrument developed by Kim (2018). The following are examples of questions given for 45 minutes 

Read the following example of a problem  

Amri is five years old. His Mom, Ida, asked him to count the number of buttons divided into the 
following groups (presenting the buttons as shown by the picture) 

            

When asked “How many are there in total?”. What will Amri 
do?  Explain. 

3.3.3 Teacher’s Knowledge About Basic Mathematics  

The participants were given 45 minutes to solve 30 questions about basic mathematics 
developed by Briggs (2018). The following are examples of the questions given: 

Fill in the blanks of the following number sequence. 

1)  __, ___, ___, 39, ___, 59, ___, 79 

2) What do you know about circles? Explain their difference from the ball? 

3) Are there rational or irrational numbers? 

4) The distance between Jakarta and Bandung is 200 km. Mr. Halim departed from Jakarta at 
09.00 and arrived at Bandung at 11:30. The average speed of Mr. Halim's vehicle is ... km / hour 

3.3.4 Classroom Observation 

Observations were conducted based on agreement with the participants. The timing of the 
observations was determined by when the participants carried out mathematical development 
activities in their classrooms according to the design they had created. During each session, the 
researcher recorded all development activities, both inside and outside the classroom. These 
activities were captured using three video cameras placed at the front, on the left/right side, and at 
the back of the classroom. To ensure comprehensive data collection, a semi-structured observation 
tool was used, providing a flexible yet sufficient framework for recording and analyzing the activities. 
The video recordings obtained were then analyzed using content analysis to identify and understand 
the interactions and developments occurring during the learning activities. 

3.3.5 Documentary Study 

In this activity, lesson plans and evaluation documents were analysed using a rubric validated by 
experts. For lesson plans, the aspects analysed included conformity to competency aspects, 
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indicators, learning objectives, teaching materials, learning resources, learning media, learning 
models, learning scenarios, and learning assessment designs. As for evaluation documents, the 
aspects analysed include aspects of ability (growth and development), evaluation models/techniques, 
goals, and timing of activities. 

3.3.6 Interview 

The type of interview in this research was the unstructured one. Interview was carried out when 
the researcher would like to follow up on the teachers’ answers to a previous problem or question. 
In this case, the interview was carried out based on the results obtained by the respondents in the 
analysis of learning cases, tests on basic mathematical questions and children’s mathematical 
development, and observation. All interviews were recorded to get maximum results. 

3.4. Data Analysis Techniques 

Various analysis methods were used to analyze the data collected in this study, depending on 
the type of data obtained. Thematic analysis was employed to analyze qualitative data from 
interviews and observations. Thematic analysis aims to identify patterns or themes in the 
phenomenon being studied, following the steps outlined by Krippendorff (2022), which include: (a) 
Preparing and interpreting data; (b) Exploring and coding databases; (c) Describing and shaping 
themes; (d) Representing and reporting findings; and (e) Interpreting the meanings of the findings. 
On the other hand, content analysis was applied to analyze data obtained from video recordings, 
allowing the researcher to understand the interactions that took place during the teaching activities. 
The stages of content analysis include: (a) Raw data collection, (b) Familiarization with the data, (c) 
Open coding, (d) Axial coding, (e) Theme refinement, and (f) Reporting themes. The processes of 
thematic analysis and content analysis are illustrated in Figure 1, which shows how the data were 
analyzed to generate findings that can be understood and utilized in this study. 

 

Figure 1. The diagram illustrating the process of thematic analysis 

3.5. Ethical Considerations 

To ensure ethical transparency, this study obtained formal ethical approval from the Research 
Ethics Committee of Universitas Terbuka on August 20, 2024. The researcher also adhered to ethical 
guidelines by preparing a written informed consent form signed by both participants and the 
researcher prior to data collection. The consent form explained the purpose of the study, the 
voluntary nature of participation, and the measures taken to protect participants' privacy and rights. 
In addition, the researcher obtained permission from the authorized school authorities before 
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conducting the study. All collected data were kept confidential—real names were replaced with 
pseudonyms in all reports and publications, and participants’ faces were not shown in any photos or 
videos included in the research findings. These measures were taken to ensure participants’ identities 
remained protected and in accordance with ethical standards for research involving human subjects. 

4. Results 

The data obtained from the analysis of tests, observations, and interviews were analysed using 
a content analysis approach. In the Open Coding stage, various key elements were identified, such as 
teaching experience, professional training, creative teaching strategies, classroom management, and 
challenges such as limited resources and difficulties in motivating students. The Axial Coding stage 
then linked these elements, establishing logical relationships between the categories identified. 
Finally, in the Theme Refinement stage, key themes such as Knowledge Sources, Subject Matter 
Knowledge, Pedagogical Content Knowledge, and Limitations were formulated to provide in-depth 
insights into the aspects influencing learning. The results can be seen in Figure 2. 

 

Figure 2. Results of the thematic analysis 

Based on the results of the thematic analysis, the themes generated in this analysis are a) 
Knowledge Sources; b) Subject Matter Knowledge (SMK); c) Pedagogical Content Knowledge (PCK); 
and d) Limitations. The interrelationship among the themes is presented in Figure 3. 
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Figure 3. Interrelationship among themes 

4.1. Teacher’s Knowledge Sources 

All participants agreed that experience is the most frequently used source of knowledge. During 
more than 10 years of teaching, participants recognised various children’s characteristics and 
teaching situations. Siti and Popon revealed that through experience, they became skilled at making 
learning plans, managing classes, and conducting evaluations, while Srimaya revealed that 
knowledge, when answering questions, is obtained through experience. 

Apart from experience, some participants stated that lectures and training/workshops are 
another source of knowledge. Santi, for example, participated in a professional teacher training 
program. One of the materials taught is mathematics teaching media. “So, I learned how to teach 
using a ‘smart tube’ that can be rotated and some replicas of eggs. The eggs were then written with 
numbers 1-10, and the children rotated the tube until the eggs were released from the tube while 
counting the eggs,” Santi said. In addition, all participants have participated in the 2013 curriculum 
implementation workshop organized by the Education Office. 

The next source of knowledge is college and school. All participants agreed that teacher’s 
knowledge, especially about mathematical content and learning strategies, can be obtained from 
their studies in schools and college. In addition to the sources described, Santi added that she is very 
actively involved in the Teacher Work Group. In this group, teachers design instruction together with 
the group members. The teachers also discuss lesson plans and the curriculum implemented in their 
schools that is guided by the 2013 curriculum mandated by the government and adjusted to the 
characteristics of the school. Meanwhile, Ani explained that “I design the instruction myself, of course 
guided by the prevailing curriculum. The design changes almost every year, because I always base it 
on evaluation from previous years’ learning.” 

4.2. Subject Matter Knowledge (SMK) 

Subject Matter Knowledge (SMK) is the level of teachers’ knowledge in mastering mathematics, 
especially the material taught (Ball et al., 2008; Ball & Bass, 2003). As stated earlier, the test items 
on basic mathematics developed by Briggs (2018) were used as a reference to measure SMK. The 
results show that participants answered the questions well. All participants could correctly answer 
questions on sequence of numbers, addition, and some geometry and measurement questions. 
However, there were two sets of questions that participants answered incorrectly because they did 
not know about the materials. Examples of such questions are: “What is the difference between 
number and numeral?”, “Is π a rational or irrational number?”, and “What do you know about circles? 
Explain their difference from the ball?” 

In addition to test items, SMK was also measured through observation. As described in the 
method section, observations were made based on agreement with participants according to the 
learning plans they had made. Based on the plans, each participant agreed to be observed for 4-5 
meetings. The findings show that four participants carried out development activities properly and 
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there were no misconceptions in teaching. However, it was not the same for Ani, who made a mistake 
when inviting children to play Sondah (hopscotch). Ani told the children several times to jump in a 
square, while the shape she made was actually rectangular. When interviewed, Ani stated that she 
was still confused by the concepts of numbers and geometry. So, at the end of the meeting, we 
discussed the basic mathematical concepts. As for other participants, they did not make any mistake 
in teaching concepts. 

As discussed in the Subject Matter Knowledge section, the participants have limitations on the 
concepts of number, solid figure, and plane figure because they never applied them to children. To 
follow up on this finding, the researcher (R) interviewed them. The following is an example of an 
interview with Srimaya (S). 

R: What do you know about the square? 

S: The square is quadrilateral with the same sides. But, the children sometimes call it a “box”. 

R: What is the shape of this object, ma'am? (showing her a square object) 

S: Square (with a smile) 

Q: Ok then, what shape is this paper? (showing her a rectangular shape) 

S: Square 

Q: What is the difference between a square, a rectangle, and a quadrilateral then? 

S: Sorry ma'am, I'm confused (laughing) … 

Meanwhile, the answers from other participants to questions on quadrilateral figure are 
provided in Table 2. 

Table 2. Participants’ answers to basic mathematics questions 

Participants Answer 

Popon “The difference between a quadrilateral and a square lie in the lengths of the 
sides. A quadrilateral’s sides are of similar lengths, while a rectangle has long(er) 
sides. So, there are many kinds of quadrilaterals like a rectangle, a kite, a 
trapezoid.” 

Santi “A quadrilateral is a four-angle line. Well, there’s a rectangle and a square, so in 
my opinion a quadrilateral is the one that is square-shaped. Like a box, yes, like 
that. If a child gives an example of a box, well that is a rectangle. So, the square 
is one that has four sides.” 

Siti “Rectangles have four sides. They are just the same.” 

Popon “There are many kinds of square. There is a quadrilateral, which is the one with 
the same sides; there is also a kite, a parallelogram; so, if asked (my answer is) 
that a square has four sides, and there are many (types of it). As for this one, well 
this is still a quadrilateral.” 

Based on the interview, several participants revealed that they already knew about two-
dimensional (plane) and three-dimensional (solid) figures, from their schools and college years. 
However, because they never applied these concepts to children, all participants stated that they 
forgot about the concepts. 
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4.3. Pedagogical Content Knowledge (PCK) 

PCK in this context refers to the ability to teach mathematics effectively (Ball et al., 2008; Ball & 
Bass, 2003). It comprises of Knowledge of Content and Students (KCS), Knowledge of Content and 
Teaching (KCT), and Knowledge of Curriculum (KC). To find about their Knowledge of Curriculum, the 
researcher conducted an analysis of learning and evaluation plans based on the rubric previously 
validated by experts. Regarding the learning design, all participants have designed their instruction 
very well. Each teacher has planned play activities in annual, semester, weekly and daily programs. 
Based on documentary analysis, the designs made by the teachers are in accordance with the 
curriculum. Aspects of competency, indicators, learning objectives, teaching material, learning 
resources, learning media, learning models, learning scenarios and learning assessment designs are 
appropriately made and interrelated with each other. 

Based on the documents analysed, all participants report the progress of the children after each 
lesson to the stakeholders daily. Ani always gives evaluation to each child, saying “Every child is given 
questions; every activity is recorded.” Especially for the number concept, Siti gave an example of 
evaluating whether a child has mastered the concept of numbers or not. This evaluation is very useful 
for the teacher. Through this evaluation, the teacher can find out the child’s development, as well as 
what strategies to be deployed for the next meeting. 

4.4. Knowledge of Students (KCS) 

To measure Knowledge of Students (KCS), the questions given were drawn from Kim (2018) 
Knowledge of Mathematical Development instrument. The findings show that the participants had 
limitations in identifying the development of children’s knowledge. The five participants mostly 
answered “do not know” to the items in the instrument. The researcher conducted an interview 
related to the results obtained by the participants. They reasoned that they never learned by paying 
attention to the stages of a child’s ability as questioned in the test. Santi had some knowledge about 
the stages of a child development from the attachment to the Regulation of the Ministry of Education 
and Culture No. 137, but she did not know about it elaborately. In the results of Pedagogical Content 
Knowledge (PCK) test, it is found that all participants had limited Knowledge of Students (KCS), 
specifically about children's mathematical development. All participants responded “do not know” to 
most of the questions given. These results are reinforced by the following examples of observations. 

During classroom teaching and learning, Siti invited children to sing at the beginning of learning. 
Next, Siti (S) threw a question on the number of children present in the class and that of children (C) 
who were absent, and then she counted them. 

S: Okay, let’s count how many boys do we have in the class? 

C: One, two, three four, five ... there are five (while shouting) 

S: How many girls? 

C: one ... two ... three ... four ... there are four ... 

S: So how many male and female students are there? (the teacher asks the child to add 5 + 4) … 

Five in the mouth (pointing to the mouth), four on your fingers (while raising four fingers) 

Follow me, okay ... five ... six ... seven ... eight ... nine (the children following her) ... So there are 
nine ... 

When confirmed about the statement “five in the mouth, four on the fingers,” Siti explained that 
this was done to facilitate teachers in teaching addition. In this case, Siti ignored the different stages 
of a child’s abilities, and asked all children to do the addition in her way. 
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4.5. Knowledge of Teaching (KCT) 

To find out the Knowledge of Teaching (KCT) of the participants, the researcher gave questions 
on the analysis of articles on learning cases. One of the articles presented to them was concerned 
with the development activities carried out by Ibu Putri to introduce the concept of numbers one to 
three to children in kindergarten. All participants properly identified the strengths and weaknesses 
of Ibu Putri’s teaching activities. The results of their analysis are presented in Table 3. 

Table 3. Teachers’ identification of the case’s strengths and weaknesses 

Based on the interview, Popon emphasized that in the article presented to the participants, the 
teacher’s action to ask the child to immediately write number three at the beginning of the meeting 
is an inappropriate step. Special strategies and exercises for children are needed before teaching 
writing number three. For example, children can be invited to do fine motor skill activities, such as 
tearing paper or learning number one first. Other participants considered it inappropriate for the 
teacher to continuously help the children and advised the teacher to gradually reduce her assistance. 

In addition to deploying a case study, KCT was also measured through classroom observation and 
interviews to follow up on findings. Here, all participants properly carried out mathematical 
development activities in accordance with the design they had made. All respondents chose learning 
media from the immediate environment around children, such as clothespins, rocks, seeds, buttons, 
bottle caps, beams, Lego blocks, sticks, candles, paper and the like. Siti added that children like 
colouring paper the most. Children will tear the coloured paper into several pieces as they desire. In 
addition to learning numbers, children’s motor skills will also be trained. Santi chose a different 
medium, "Songs can also be a medium to introduce various themes of numbers, like the 'My Five 
Balloons' song. Or we can be creative by making simple songs by ourselves while demonstrating our 
fingers as a tool for counting, so that children will gradually catch up with abstract concepts in 
numbers,” Santi said. 

Communicating effectively, empathically and politely with young children is a must for teachers. 
During observations, all participants had very good communication with children. They were very 
good at attracting attention so that children focused on the lessons. When children lost their 
concentration, the teachers invited them to sing or persuaded them by giving their favourite toys in 
class. Playing is indeed the main activity in the process of early childhood learning. All participants 
are skilled at designing and conducting play activities in introducing mathematics. The following are 
the types of games performed in the participants’ class and their benefits.  

Participant Strengths Weaknesses 

Popon The teacher teaches the concept of 
number three in each activity. 

The teacher asks the child to immediately 
write number three at the beginning of the 
meeting. 

Santi  The teacher introduces numbers to 
children in the form of activities that 
are not abstract. 

The teacher does not invite children to be 
involved in fine motor skills before 
teaching writing number 3. 

Siti The teacher introduces numbers to 
children in the form of activities that 
are not abstract. 

The teacher continuously assists children, 
which is considered inappropriate. 

Ani The teacher makes some reflection. The teacher lacks mastery of the class. 

Srimaya The teacher makes some reflection. The teacher does not use a specific 
strategy in teaching number 3. 
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Table 4. Types of games and their benefits 

5. Discussion 

Based on the findings, it was found that early childhood teachers have a limited understanding 
of mathematical content. This is evident in their difficulty in linking fundamental mathematical 
concepts with contextual and relevant learning activities for young children. Moreover, their 
responses during interviews and observations revealed gaps in their mastery of basic mathematical 
principles. These findings are in line with those of Sarama et al. (2003) who reported that teachers 
tend to rely on text for context, not emphasizing interactive discourse that supports the task. Most 
ECE teachers identify this discipline as an area of their weakest concentration (Kilday & Kinzie, 2009); 
they are often uncomfortable with mathematics (Dunphy, 2009; Noviyanti & Suryadi, 2019). As 
professional educators, teachers are not only required to carry out their duties professionally, but 
they also must have professional knowledge and abilities. Knowledge of content influences: (a) 
student mathematics achievement (Baumert et al., 2010; Gess-Newsome et al., 2019); b) how the 
teacher composes and teaches the material (Mishra et al., 2009); c) the teacher’s ability to connect 
concepts and skills during teaching (Clements et al., 2017); and d) specific decisions on pedagogical 
content (Kuntze, 2012). 

The next finding shows that participants' knowledge about children’s mathematical development 
is also still limited. This can be seen from the participants’ answers to questions on a child’s 
development problems. In addition, the results of observations on one of the participants show that 

Participant Type of Game Explanation of Its Benefits 

Popon Snake and 
Ladders  

This is a game for kids played by two or more players. Children 
will move up or down the ladders according to the number 
shown on the dice that is rolled in turn. If they happen to step on 
a ladder, they will climb the ladder; on the other hand, if they 
step on a snake’s mouth, they must go down the tail. In this 
activity, the children will learn to count, add, and subtract 
numbers. 

Srimaya  Jump rope In this game, children will learn to count the number of jumps 
made. In other words, they will learn sequence counting. 

Siti Hen and its 
chicks  

In this game, one child will play the role of a wolf who is going to 
eat the chicks. The mother of the chicks will protect her children. 
In the game, students will learn to count the number of chicks 
that get caught by the wolf and the number of chicks the mother 
hen has successfully protected. The game is also accompanied by 
songs, so that children will feel happy, and at the same time, they 
will learn to count and add up numbers. 

Ani Hopscotch  In this game, children will jump from one square to the next. In 
this game, children will have to avoid jumping onto a square 
containing fragments of tile roof. A player loses when s/he steps 
on or outside the line. Through this activity, children learn to 
count. 

Srimaya Running race This game involves several balls and three pairs of buckets. To 
play this game, children will have to run and move the balls from 
one bucket to another. Children should move several balls 
according to the teacher’s instruction. In this game, children 
learn to count. 
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the participant tend to guide children to learn without paying attention to individual child 
development. The finding of this study corresponds to that of Kim et al. (2015), revealing that 
teachers have limited knowledge of child development. Meanwhile, teachers’ knowledge of 
mathematical development determines their ability to give significant impacts on children’s 
development of mathematical concepts and goals (Björklund et al., 2020; Björklund & Ahlskog-
Björkman, 2017; Björklund & Barendregt, 2016). If teachers know what conceptions and 
misconceptions children might face as they develop their mathematical content, teachers will be 
better prepared to face the challenges (Mapolelo & Akinsola, 2015). Feeling motivated to apply 
knowledge of student thinking in a more meaningful way will help teachers build an in-depth 
understanding because the teachers base their instruction on students’ own thinking strategies (Fives 
& Buehl, 2008). Teachers as the More Knowledgeable Other (MKO) need to have the ability to 
anticipate how students think through an assignment from a development activity (Noviyanti, 2020). 

The limited knowledge of ECE teachers is not something new. Some researchers have reported 
that most colleges and universities do not offer much information about the topic of mathematics 
education for ECE, or supplement teacher education with adequate skills to teach mathematics to 
children (Ginsburg et al., 2008; Hachey, 2013; Thiel, 2010). Education for early childhood teachers 
offers some or no requirements for mathematics education (Aguirre et al., 2013; Ginsburg et al., 
2008). Some early childhood programs do not focus on high-quality math instruction, although much 
research supports the theory that early mathematical experience promotes children’s readiness and 
can influence the outcome of later mathematics education (Björklund et al., 2020; Clements et al., 
2017). 

In this regard, the findings of this research contribute to the design of PDP. Since the teachers 
under research cited the inability to recall the mathematical concepts (forgetfulness) as their main 
reason for having these limitations, giving a summary of the concepts is an appropriate strategy to 
overcome these limitations. This strategy is very important to recall the main ideas of the material to 
be presented, to prevent the occurrence of forgetfulness and reduce the difficulties experienced by 
students in remembering all the material (Cockcroft, 2015; Noviyanti et al., 2020). Giving a summary 
is one model of design in teaching to conduct a review of the material presented (Noviyanti, 2020; 
Zaslow et al., 2010), and useful to prevent the occurrence of forgetfulness in the newly taught 
material (Cockcroft, 2015; Noviyanti et al., 2020). In other words, it is suggested that summary is a 
useful strategy for reviewing what is learned (Noviyanti & Suryadi, 2019). Because the limitations of 
basic mathematics are only found in concepts (not dominant), it is recommended that the summary 
is only given in one session at the beginning of the meeting. 

The second limitation of the participants is in terms of children’s mathematical development. 
This limitation is more dominant, because all participants could not properly answer most questions 
on this topic. Based on this finding, the researcher recommends a Cognitively Guided Instruction (CGI) 
model. CGI is an approach in teaching mathematics that is built on children’s natural problem-solving 
strategies (Carpenter et al., 1996). The CGI program, as described by Carpenter et al. (1996) identifies 
specific strategies that help teachers to understand how children think so that teachers can direct 
children to mathematical understanding. SGI is an attempt to make teachers adjust themselves to 
students’ mathematical understanding. This model stands in contrasts with the more traditional 
approach to teaching symbolic counting first and then trying to make students apply this knowledge 
in problem solving situations. 

In practice, the CGI model uses videos as a tool to invoke teachers’ knowledge. The purpose of 
watching video recordings is to make teachers master typical mathematical concepts at the class level 
they teach (Carpenter et al., 1996; Noviyanti, 2020). In addition to providing videos, it is also 
recommended to provide articles in the form of stories that describe classroom activities. In this case, 
participants can discuss the patterns and development of children's mathematics through the 
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intervention of the videos and articles. According to Carpenter et al. (1996), there are several things 
that might be discussed in the CGI model, namely: (1) how the child sees a problem; (2) what 
approach is taken by the child to solve the problem and what it means in terms of conceptual abilities 
of the child; (3) why the solution works and how the solution is different from other solutions; (4) 
how this child solves other types of problems, and (5) how this child’s solution can indicate the child’s 
overall understanding of different concepts. 

This research has a positive impact on teacher education, especially in Indonesia, because it 
provides a general description of ECE teachers’ Mathematical Knowledge for Teaching and their 
limitations and offers solutions to overcome these limitations. The PDP design developed is expected 
to improve the quality of teachers, especially those who already hold a bachelor’s degree in ECE 
education and become classroom teachers in Indonesia. Through the CGI model, teachers can utilize 
their experiences in the classroom to improve their knowledge of children's development. This is in 
line with the statement of Noviyanti (2020) that PDP is prioritized because the education community 
has realized that school is a place for teachers to learn. 

This study also has a positive impact on mathematics education, considering the importance of 
early childhood mathematics on children’s mathematical achievements in the future. For this reason, 
the improved quality of ECE teachers in Indonesia can affect mathematics education in general. This 
is in line with the National Association for the Education of Young Children and National Council of 
Teachers of Mathematics (2000) statement that to promote the development of high-quality 
mathematics education, program developers and policy makers must: (a) make more effective early 
childhood teacher preparation and continue professional development in mathematics; (b) use a 
collaborative process to develop systems that are in accordance with high quality standards, math 
curriculum, and assessment; (c) design institutional structures and policies that support teacher 
mathematics learning, team work, and planning; and (d) provide the necessary resources that will 
help overcome obstacles to improving the mathematical abilities of children in the classroom and 
society. 

6. Conclusion 

This study aims to determine the MKT of ECE teachers and explore the reasons behind the 
results. The findings of this study provide a basis for designing a PDP. The results show that ECE 
teachers have limited knowledge related to basic mathematical abilities and children's mathematical 
development. Based on these findings, the researcher suggests the use of a combination of a 
summary strategy and the CGI model in the PDP. In its implementation, the PDP should be more 
focused on the CGI model, given that the teachers' limited knowledge of children's mathematical 
development is more dominant. This research has a positive impact on improving the quality of ECE 
teachers in Indonesia as it provides an overview of the limitations in ECE teachers' Mathematical 
Knowledge for Teaching and offers solutions to address these limitations. Additionally, this research 
contributes to mathematics education, aligning with several studies that highlight the importance of 
early childhood mathematics for children's future mathematical achievements. The proposed PDP is 
expected to improve teacher quality and the quality of education in Indonesia, especially early 
childhood mathematics education.  

However, this study has several limitations. First, the sample size was small, which may limit the 
generalizability of the findings, as it may not fully represent all ECE teachers in Indonesia. The 
research was also conducted in specific regions, which may not reflect the diversity of teaching 
practices across the country. Additionally, this study focused primarily on MKT and did not consider 
other factors, such as cultural or social influences, that might affect teacher development. The study 
also assessed teachers' knowledge at one point in time and did not evaluate the long-term impact of 
the PDP. Lastly, the proposed PDP model may not address all aspects of teacher development, such 
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as emotional or social factors, suggesting the need for further improvement in future programs. 
These limitations point to areas for further research and refinement. 

7. Suggestion 

This study suggests that the PDP for ECE teachers should focus on the CGI model to help teachers 
understand children's mathematical development. Additionally, a combined approach with 
summarisation strategies is recommended. The PDP should be followed by continuous evaluation to 
ensure improvements in teaching quality. Strengthening collaboration between educational 
institutions and professional training bodies is also essential to ensure the PDP's relevance. The 
findings of this study are expected to support educational policies that enhance the quality of 
mathematics education in early childhood, ultimately impacting children's future mathematical 
achievements. 
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