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Objective: This study aims at comprehensively investigating the practical 
STEM-based lesson study to improve teachers’ pedagogical competence in 
primary schools. Method: This study conducts a qualitative case study. This 
sstudy was conducted in SD Negeri Bades. The researcher incorporated 
observation sheets and semi-structured interviews in collecting the data. 
Results: The findings show that there are three stages conducted in STEM-
based learning; planning, doing, and seeing stage. Further, incorporating 
STEM-based lesson study indicates an improvement of teachers’ 
pedagogical competence in primary schools. In addition, teachers are able to 
share their ideas to design effective lesson design, and able to design 
effective lesson plan to make effective and meaningful STEM-based learning 
in SD Negeri Bades. Novelty: This study provides practical integration of 
STEM-based lesson study to improve teachers’pedagogical competence 
within context of Indonesian primary schools. 

Keywords: 
Teachers’ Pedagogical 
Competence; Professional 
Development STEM-Based 
Learning; Lesson Study; 
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INTRODUCTION 

As science and technology in 21st century has developed, this has forced teachers to 
adapt with these challenges and to master 21st century skills. (Rahmaniya & Haryanto, 
2024) added that 21st century learning emphasizes the development of skills that are 
relevant to human needs in the future. This encourages a transformation in learning 
methods and approaches used by teachers in the learning process. In this context, the 
learning process must be collaborative, contextual, and integrated with society (Asri et 
al., 2023). 

In this case, to promote these collaborative and contextual learning process,  
integrating STEM-based learning is said to be one of the relevant approaches to 
implement. Moreover, this STEM-based learning has a significant role in improving 
students' critical, creative, innovative, collaborative and communicative thinking 
abilities (Lestari & Zulyusri, 2022). This requires a more innovative learning process in 
which the learning activities can juxtaposed with the real world (Astuti et al., 2021). In 
addition, this enables students to be more active in the learning activities and to think 
systematically and logically.  

Furthermore, teachers play an important role to adapt this STEM-based learning 
approach into classroom practice. Aspects of teacher skill and creativity in managing 
learning will have an impact on the quality of learning. The learning success is also 
influenced by the teacher's skills and creativity in managing learning (Andriyani, 2022). 
In addition,  teachers must be able to master basic teaching skills including: opening 
and closing lessons, explanation skills, asking questions, skills for guiding small group 
discussions, class management skills, reinforcement skills, and small group and 
individual teaching skills (Andriyani, 2022). 
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Teachers must also have outstanding pedagogical competence in designing and 
managing learning. In other words, teachers must always learn and always be 
imaginative in looking for ideas, innovations and implementing them into learning. 
Pedagogic competence is crucial to determine the success of learning process such as 
students’ development, planning, designing learning, and evaluating learning 
outcomes (González et al., 2024). In addition, how successful teachers carry out 
pedagogical process depends on the teachers’ pedagogical competence (Hanum & 
Robandi, 2023). 

Still, it is said that there have been the lack of teachers’ pedagogical competence 
leading to ineffective teaching-learning process. Most teachers tend to incorporate 
conventioal-teaching method leading to uninteresting learning activities (Wulandari & 
Nisrina, 2020). Most teachers, in addition, struggle with designing effective lesson 
planning. This in turn, teachers tend to be monotonous, less creative and less innovative 
in designing and implementing meaningful learning. 

Lesson study is said to be one way to increase teachers’ pedagogical competence in 
implementing STEM-based learning in schools. Lesson study is a form of teacher 
professional development through collaborative and continuous learning assessment 
(Suardana et al., 2020). (Plantin Ewe, 2020) added that lesson study can be used as a 
method to develop teacher learning in the classroom. It is expected that teachers can 
improve teaching strategies and increase their competence in designing more effective 
and meaningful learning.  

Further, lesson study can be an effective tool for teachers in developing their 
pedagogical competence. Lesson study is one of professional development model has 
been popular in recent years (Aykan & Yıldırım, 2022). It is said to be significant to 
improve teachers’ competence and help teachers learn classroom-best practices in the 
classroom (Dewi et al., 2021).  This consists of three stages; planning, doing, and seeing 
(Erita et al., 2022). 

In addition, (Dewi et al., 2021) states that there are stages in implementation lesson 
study namely the planning stage (plan), resist execution (do), and the degree of 
reflection (see). The planning stage is the stage of analyzing topics, students' realities, 
creating learning plans. The implementation stage includes three steps, namely;  
arousing students' interest, realizing meaningful learning for students, concluding 
lessons, and the reflection stage which includes reflecting on lessons (Sairo, 2021). 
(Sairo, 2021) also adds that lesson study become a means for teachers to improve 
learning practices. 

Previous studies have examined the use of lesson study to increase teachers’ 
competence in designing effective learning. (Yennizar & Librianty, 2022) found that 
lesson study has a significant influence on teachers' pedagogical and professional 
competence. Besides, lesson study also has a positive impact on teachers' active 
collaboration and reflective attitudes in improving the quality of their learning. Lesson 
study, in addition, can effectively develop pedagogical knowledge and improve teacher 
teaching. 

Further, (Hadi, 2020) has investigated the implementation of lesson study to improve 
teachers’ competency at SMK Negeri 1 Singkep. It is found that lesson study appears to 
be effective for improving STEM-based teachers' teaching abilities. In addition, lesson 
study has a positive impact on increasing teachers’ competence in improving the 
quality of learning and developing skills in problem solving (Ruspa et al., 2025). Most 
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teachers participating in the lesson study feel more confident and creative in creating 
learning scenarios in class. 

Previous studies have shown that lesson study appears to be effective to improve 
teachers’ pedagogical competence in designing effective learning. Still, there have been 
gaps in the contexts of implementing STEM-based lesson study conducted in phase B 
students. In addition, the gaps also deal with the subject IPAS in which this IPAS is a 
subject requiring students to develop and master science process skills to solve related 
problems in everydaylife (Mellani Saputri & Patonah, 2023). 

Further, to address this gap, the researcher is interested in further investigating the 
implementation of STEM-based lesson study to advance teachers’ pedagogical 
competence in elementary schools. This study aims at investigating practical STEM-
based lesson study to improve teachers’ pedagogical competence. Thus, this study can 
serve a literature and practical guide for teachers and principals in educational settings 
to improve teachers’ pedagogical competence.    
 
RESEARCH METHOD 
Research Design 
This study was a qualitative research. A qualitative research provides an in-depth 
examination of single entity (Cresswell, 2015). A qualitative approach was needed to 
gather verbal and in-depth information from the teachers regarding how to manifest 
pedagogical competence creatively and teachers' challenges in educational setting. This 
study conducted a descriptive case study approach investigate and explore in depth 
implementation of STEM-based lesson study at SD Negeri Bades to improve teachers’ 
pedagogical competence. 

Research Participants 
This study aimed at obtaining a comprehensive understanding of teachers' practical 
competencies regarding the implementation of STEM-based lesson study at SD Negeri 
Bades. In this study, the researcher used three phase B teachers from SD Negeri Bades 
01, SD Negeri Bades 02, and SD Negeri Bades 03. In addition, the researcher then chose 
one teacher model to implement STEM-based lesson study on the topic of 
photosynthesis taught at phase B students. A description of research participants  is 
shown in the table 1. 

Table 1. Research participants 
No Participant Codes School’s Name Teaching Experience 
1 Respondent 1 SD Negeri Bades 01 7 years 
2 Respondent 2 SD Negeri Bades 02 11 years 
3 Respondent 3 SD Negeri Bades 03 9 years 

Research Instruments 
Data collection deals with the process of collecting data and aims at obtaining insight 
regarding the topic of the study (Taherdoost, 2021). In this study, the researcher used 
observation and semi-structured interview. Participatory observations were used 
during the planning and doing stage of STEM-based lesson study. Meanwhile, semi-
structured interviews with teachers who took part in the activities lesson study to 
obtain data regarding the implementation of STEM-based lesson study to improve 
teachers’ pedagogical competence in SD Negeri Bades. 
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Research Procedures 
According to (Dewi et al., 2021), there were three stages of lesson study implementation 
namely; the planning stage (plan), resist execution (do), and the degree of reflection (see). 

 
Figure 1. Lesson study scheme 

During the planning stage, the researcher conducted a workshop emphasizing on the 
designing lesson design dealing with STEM-based learning. During this stage, the 
participatiory observation was used to observe the participants’ activities dealing with 
formulating lesson design. In addition, in this stage, the researcher examined teachers’ 
pedagogical competence in design effective lesson design dealing with STEM-based 
learning.  

In doing stage, the researcher then observed the teacher model to implement lesson 
design dealing with STEM-based learning. During this stage, the research obtained the 
data regarding to the implementation of lesson design used in the teaching-learning 
process. In the seeing stage, teachers’ pedagogical were observed and assessed, 
including their competency to identify strengths and weaknesses and propose strategies 
for improvement. The researcher then conducted in-depth interviews to explore their 
perception on the STEM-based lesson study conducted. In addition, teachers feedback 
provided further context to enable a triangulation of analysis and findings. 

Data Analysis 
Data analysis process is dealing with collecting, describing, and interpreting the 

collected data of the study. The data analysis was primarily descriptive, focusing on 
identifying practices of teachers’ pedagogical competence regarding to the practical 
implementation of STEM-based lesson study. The data obtained from the observation 
and interviews were analysed using a thematic analysis approach. This consists of 
stages dealing with transcription, coding and theme identification, and interpretation. 
In addition, these stages will help the researcher to obtain deeper information about 
participants’ pedagogical competence, experiences, and perceptions on the 
implementation of STEM-based lesson study conducted in SD Negeri Bades. 
 
RESULTS AND DISCUSSION 

Results 
This study is dealing with investigating the implementation of STEM-based lesson 

study to improve teachers’ pedagogical competence in SD Negeri Bades. In this study, 
there are three stages of STEM-based lesson study conducted to improve teachers’ 
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pedagogical competence. These are planning stage, doing stage, and seeing stage. In 
addition, these stages are conducted sequentially to provide rich data regarding to the 
implementation of STEM-based lesson study to improve teachers’ pedagogical  
competence. Each stages are explained in detailed data, as follows: 

Planning stage 
This planning stage involves introductory workshop. This deals with focusing on 

stating the purpose of lesson study, discussing challenges face by the phase B teachers 
during the teaching-learning session, and collaborating with phase B teachers to design 
an effective STEM-based learning. In addition, this stage includes two-day workshops 
addressing three teachers teaching at phase B from three schools as the subject of the 
study. In this stage, these collaborative teachers propose challenges dealing with 
teaching photosynthesis to phase B students in elementary school. 

Based on the results of observation, most students are less motivated and reluctant to 
learn photosynthesis due to factor such as inappropriate strategies and media used. In 
this stage, researcher and researcher subject develop learning strategy using STEM-
based learning approach in teaching photosynthesis to phase B students. During the 
observation of this stage, it is found that the teachers actively participate in 
collaborative activities dealing with designing effective lesson design to address 
students’ challenges during the lesson. In addition, teachers are required to design 
STEM-based learning activities in their lesson design. The followings are collaborative 
lesson design made by collaborative teachers as the subject of the study. 

 

 
Figure 2. Planning stage of STEM-based lesson study 

Based on the figure 2 above, it shows that the researcher itself explains the concept of 
STEM-based lesson study on the research subjects; phase B teachers from SD Negeri 
Bades 01, SD Negeri Bades 02, and SD Negeri Bades 03. In this phase, the researcher 
conducts  collaboirative activity dealing with planning lesson desig to use in doing 
stage. The research subjects also discuss the challenges faced by the participants in 
teaching-learning process before conducting STEM-based lesson study. The following is 
how the researcher coducts collaborative activity in STEM-based lesson study.  

Figure 3 above shows that the researcher and research participants collaborate in 
designing lesson design regarding to the topic of photosynthesis. In this case, the 
researcher ensures that lesson study conducted in this phase should emphasize on the 
making of STEM-based lesson design.  
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Figure 3. Planning stage of collaborative activity with research participants 

Based on the result of interview obtained from the respondents, it shows that all 
teachers in this study never make collaborative lesson study before this lesson study. 
Most teachers tend to copy lesson study file from other teachers. In addition, during 
teaching IPAS in the classroom, most teachers are rarely to implement STEM-based 
learning before. 

“I have never made lesson design before. I usually download on the internet or copy file 
from other teachers during the teachers forum or KKG. I also rarely conduct STEM-based 
learning due to the lack of facilities in our school.” (Respondent 1). 

In contrast, it is found that most teachers have positive perception on the STEM-
based lesson study. It is stated that collaborative lesson study promote their 
collaborative skill and pedagogical competence in designing effective learning 
approach and STEM-based learning activities into classroom practice. 

“In line with Respondent 1, before this lesson study we never make any lesson design. We 
often ask from other teachers from other schools. But I find myself better after participating 
in this lesson study. We can share ideas what should we do with STEM-based learning to 
promote our students’ learning.” (Respondent 2) 

Further, based on the results of interviews, Respondent 3 also shares same ideas 
related to the STEM-based lesson study conducted in SD Negeri Bades. 

“It is a good chance for teachers to learn and share ideas. This lesson study help us to make 
an effective lesson design to our students. Now I know that STEM-based learning is not 
always dealing with school facilities. We can suit with our students’ needs and material 
taught.” (Respondent 3) 

Based on the data above, it can be said that STEM-based lesson study has 
significantly promote teachers’ pedagogical competence. It indicates that most teachers 
are actively engaged in lesson study emphasizing on designing STEM-based lesson 
design. In addition, this lesson study can provoke collaboration within teachers in SD 
Negeri Bades. 

Doing stage 
This doing stage involves the implementation of lesson study made by the 

collaborative teachers in planning stage. This stage involves one teacher model to 
implement STEM-based lesson design, two collaborative teachers as the observer, and 
16 students from 3rd grade at SD Negeri Bades 01. The following is doing stage in which 
the teacher model implements the lesson design formulated in planning stage.  
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Figure 4. Doing stage of STEM-based lesson 

 
Figure 5. Doing stage of STEM-based lesson 

Figure 4 and 5 above show that doing stage is dealing with the implementation of 
lesson design formulated in the planning stage. In this context, one teacher model is 
chosen to implement the lesson design. During this stage, the researcher is assisted by 
two research participants to observe how teacher model implements the lesson design 
into teaching-learning process. Based on the results of observations during this stage, it 
shows that teacher model implements STEM-based lesson study dealing with the topic 
of photosynthesis. In this stage, the teacher model are able to conduct effectively STEM-
based learning into classroom activities. 

During this stage, students are provided with the concept of photosynthesis through 
an interactive learning media. In addition, in this stage, the students are incorporated 
into in pairs to encourage their actively engagement in discussion activities. The 
following is the further data obtained from the observation sheet dealing with the doing 
phase of STEM-based learning. 

Table 2. Observation sheet in Doing stage 
Learning Aspects Learning Process 

Opening  Teacher model starts classroom activities 
through greeting, then praying together led 
by one of students in the class. Teacher model 
then starts checking students’ attendance. 
Next, teacher reviews previous topic 
discusssed in the previous meeting. The 
teacher also brainstorm the students with the 
questions related to topic is being discussed. 

1

2
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Learning Aspects Learning Process 
Material presentation Teacher has been dealing the topic being 

discussed with the context of school 
environment. Topic being discussed has 
suited with the aspect of STEM-based 
learning 

Learning approach Teacher model has implemented STEM-based 
learning approach in the teaching-learning 
process. In addition, this STEM-based 
learning approach can be seen clearly 
through learning steps conducted based on 
the lesson design. 

Classroom 
management 

Teacher model in this phase is able to manage 
classroom effectively. Teacher uses 
collaborative learning integrating with STEM-
based learning. In this case, students are 
required to make a group discussion during 
the lesson. 

Learning media Teacher model has used effective learning 
media to provoke students’ engagement. In 
addition, this learning media has been 
designed to ensure that STEM-based learning 
can work properly and effectively. 

Evaluation In this phase, teacher model uses students’ 
worksheet to assess students’ learning 
progress during the STEM-based learning. 

Closing In this closing phase, teacher model starts 
with reviewing material has been learned, 
drawing a conclusion, and praying together 
before closing the lesson. 

Further, based on the results of interviews, teacher model has shown positive 
perception on this doing stage of STEM-based lesson study. The following is the data 
interview collected after doing stage. 

“In this doing stage, I think it is very challenging but so far it gives us interesting and 
meaningful classroom practice. Using STEM-based lesson we have design in planning 
stage, I can manage classroom activities very well. Students are also engaged in the 
classroom activities. They are very interested in doing step-by-step STEM-based 
activities.” (Respondent 3). 

Based on the data above, it indicates that teacher model has positively improved her 
pedagogical competence in designing and implementing effective STEM-based learning 
in teaching photosynthesis to phase B students at SD Negeri Bades 01. It is supported 
by the evaluation phase in which most students are able to master materials has been 
taught during the lesson. 

However, during the doing stage, the researcher also finds that teacher model finds 
difficulties in transforming concept of photosynthesis. Based on the observation during 

2

5
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this phase, it is influenced by students’ level to master the concept of photosynthesis. In 
this case, teacher model should be able to make a simple concept of photosynthesis to 
ensure students can understand the core concept of photosynthesis. 

“During the implementation, I also find challenges where students are difficult to 
understand the concept of photosynthesis since they are still in 3rd grade. However, it leads 
to positive effect where students actively participate through asking questions about the 
material taught by me.” (Respondent 3). 

Based on the data obtained from respondent 3 as the teacher model during the doing 
phase, it indicates that the challenges faced by teacher model dealing with how students 
can comprehend the concept of photosynthesis. In this case, the teacher model explains 
more detailed using STEM-based learning phase to ensure that students are able to use 
this concept into STEM-based learning. 

Seeing stage 
Seeing stage consists of reflection activities related to the implementation of STEM-

based lesson design by teacher model at SD Negeri Bades 01. This involves the 
researcher, one teacher model, and collaborative teachers as the observer during the 
doing stage. In this stage, the researcher found that teacher model has effectively 
improved her pedagogical competence. She is able to design effective STEM-based 
lesson design in planning stage, and able to implement STEM-based lesson design in 
doing stage effectively. The following is seeing stage activity included in this STEM-
based lesson study to reflect and assess the implementation of STEM-based lesson 
design in doing stage. 

 
Figure 6. Seeing stage of STEM-based lesson study 

As illustrated in figure 6 above, the researcher provides reflective activities to assess 
the planning stage in formulating lesson design and evaluate the planning stage dealing 
with the implementation of lesson design. In this context, this phase also provides 
deeper understanding about how the research participants perceive the implementation 
of STEM-based lesson study.  

In seeing stage, the researcher also finds that teacher model still has challenges in 
transforming the concept of photosynthesis. Still, it is leading to positive impact on the 
students’ participation in which students can ask questions on the concept being taught. 
It is also influenced by the students’ grade in phase B. However, in this case, teacher as 
a model is able to manage classroom activities through direct explanation to the 
students using STEM-based approach. In other words, this STEM-based approach 

7

35
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conducted by the teacher model has stimulated students to improve students’ 
engagement and critical thinking.  

In short, in seeing stage, the researcher and collaborative teachers draw a conclusion 
that STEM-based lesson study conducted has significant impact on the teachers’ 
pedagogical competence. It improves how teachers’ competencies in preparing, 
designing, and implementing lesson design effectively into classroom practices.    

Discussion 
The results of this study provides a clear description of practical effect of STEM-

based lesson study conducted in SD Negeri Bades has promoted teachers’ pedagogical 
competence. As the the education has been rapidly growing these days, teachers’ 
pedagogical competence is crucial to address the challenges (Reina-Parrado, M., 
Román-Graván, P., & Hervás-Gómez, 2025). Teachers, in this case, must have adequate 
and improve their pedagogical competence in providing and assisting students with 
21st century skills. STEM-based learning in this context, plays important roles in 
strengthening 21st century skills, such as critical thinking, creativity, communication, 
and collaboration (4C), as well as student character building (Eko Atmojo et al., 2025). It 
is crucial for the teachers to improve their pedagogical competence in STEM-based 
learning. Hence, incorporating teachers into STEM-based lesson study activitie is said to 
be an alternative solution to promote their pedagogical competence (Kurniasih et al., 
2024). 

Moreover, incorporating three phases conducted in this STEM-based lesson study 
consisting of planning, doing, and seeing stage can  help teachers to share ideas and 
best practices related to STEM-based learning. It is supported by previous study 
conducted by (Susetyarini et al., 2024), stated that lesson study can promote 
collaborative learning and enhance the teachers’ pedagogical abilities. In addition, 
conducting STEM-based lesson study has encouraged teachers to actively engaged in 
collaborative project design.  

Furthermore, using lesson study is said to be effective to help teachers in managing 
classroom activities. This STEM-based lesson study shows that teacher model can 
positively and actively engaged students with STEM-based learning. In this case, the 
teaching-learning process conducted by the teacher model using lesson study is said to 
provide students a meaningful and successful learning (Simatupang & Aryeni, 2018). In 
addition, during the doing phase, teacher model has been successful in transforming 
instructional practices. This in line with (Norbu, 2023) that the lesson study has been 
influential on the teachers’ instructional practices. Teacher model has been successful to 
create positive and effective classroom discussion. The lesson study conducted by the 
teacher plays important role to promote engaging discussion (Wahyuni et al., 2021).The 
collaborative among teachers fosters a professional learning community supporting 
differentiated instruction and student-centered learning. Collaborative activity such as 
STEM-based lesson study can be a means for teachers to actively engaged in learning 
community. In addition, this can fosters the exchange of ideas and learning experiences 
(Liu et al., 2024). This provide teachers with innovative practices, impacts, and 
recommendations for sustaining the effects of lesson study dealing with practical 
implementation of STEM learning (Anning, 2025). Further, this collaborative learning  
activities also requires  teachers  collaboration  along  with the implementation of 
STEM-based learning (Gülhan, 2024).  
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The findings of this study show that implementation of STEM-based lesson study 
can promote teachers’ pedagogical competence. In this case, using varied activities and 
strategies during the implementation STEM-based lesson study has led to the 
improvement of teachers’ collaborative learning in designing STEM-based lesson 
design. Collaborative learning among teachers is crucial to promote and fostering 
learning environment and differentiated instructional practices (Pozas & Letzel-Alt, 
2023). In addition, collaborative efforts among teachers can benefits for the students’ 
learning outcomes (Khasawneh et al., 2023). 

This study suggests compelling description that STEM-based lesson study can 
promote teachers’ pedagogical competence. In addition, crucial and active role of 
teachers in designing and transforming classroom practices suggests the potential of 
lesson study (Muhammadiah et al., 2022). Teachers must shape, develop, and critically 
evaluate the learning process. Teachers also play a crucial role in integrating explorative 
design thinking process dealing with STEM-based learning into schools (Bosch et al., 
2025). In short, as STEM-based learning as a key factor contributing to the 21st century 
learning, teachers have a key role in attracting students to the field of STEM (Yoshida & 
Sølberg, 2024).  

 
CONCLUSION 
Fundamental Finding: Based on the results of data analysis, this study suggests there 
three stages of STEM-based lesson study; planning, doing, and seeing stage. The 
findings show that there is a potential impact of STEM-based lesson study conducted in 
SD Negeri Bades to improve teachers’ pedagogical competence. In addition, teachers 
are able to collaborate actively in planning stage. Teachers can effectively incorporate 
engaging classroom activities in doing stage and seeing stage. In addition, these 
findings suggest that teachers’ pedagogical competence is improved through designing 
effective lesson design to implement in STEM-based learning activities. Implication: 
Lesson study is a means to promote teachers’ competency. In this context, STEM-based 
lesson study can be an alternative professional development adopted to improve 
teachers’ pedagogical competence. This, in addition, helps teachers to effectively design 
and incorporate meaningful STEM-based learning in the context of Indonesian 
elementary schools. Limitation:  This study is limited to investigating the 
implementation of STEM-based lesson study on the topic of photosynthesis. In 
addition, this study is limited in improving teachers’ pedagogical competence in SD 
Negeri Bades. Future Research: It is expected that future research is to investigating the 
practical implementation of STEM-based lesson study in improving the students’ 
motivation and engagement in the context of recent deep learning approach suggested 
by the Minister of Education.  
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