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Abstract 
The Science, Technology, Engineering, and Mathematics (STEM) approach to 
learning plays an important role in improving teacher competency, learning 
innovation, and technology use skills. However, the results of an initial survey 
at Sekolah Indonesia Makkah showed that 44.12% of teachers faced 
challenges in the form of a lack of training and understanding related to STEM 
integration. This study involved 34 teachers and aimed to improve their ability 
to implement STEM-based learning through the Collaborative Professional 
Development (CPD) approach. The results showed that teachers who 
participated in CPD activities experienced a significant increase in their 
understanding and readiness to implement STEM. In addition, teachers began 
to realize the benefits of STEM learning in developing students' affective, 
cognitive, and psychomotor aspects, as well as its potential as a means of 
career guidance. As many as 52.94% of teachers stated that they strongly 
believed that STEM was important to implement, and 58.82% considered the 
CPD program to be continued. This study recommends that CPD training be 
carried out continuously with more applicable and contextual materials. 
Strengthening collaboration between teachers and the integration of STEM-
based curriculum is also needed to support the sustainability and effectiveness 
of the program in the long term. 
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INTRODUCTION  

Entering the 21st century, the application of technology in education continues to grow, including integrating 

technology into the learning curriculum in recent years (Isti'ana, 2024). One innovative technology-based approach 

is STEM learning, which includes collaboration between science, technology, engineering, and mathematics 

disciplines. Integrated STEM makes students problem solvers, inventors, and innovators, builds independence, 

think logically, are technologically literate, and can connect STEM education with the world of work (Karmiati et al., 
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2024). In implementing STEM learning, teachers are one of the main components who have a strategic role in 

supporting higher education in facing the era of digitalization and the Industrial Revolution 4.0. This aligns with 

Yoshida and Sølberg (2024), who state that STEM education is essential for building a better future, and teachers 

have a crucial role in attracting students to STEM. Therefore, teachers must have strong core competencies and 

be able to design learning activities per the Industrial Revolution 4.0. This is because the quality of teachers must 

match the performance of teachers needed in the industrial era 4.0 (Maddukeleng et al., 2023). Teachers with high 

technological competence can provide more effective teaching and encourage student interest in this field. 

Research results from Nurhidayat et al. (2024) show that technology integration and teacher competency 

significantly influence the development of 21st-century learning. So, teachers need to use technology effectively 

to improve learning. By integrating technology into the classroom, teachers can create engaging and interactive 

learning experiences (Azennoud, 2022). 

The implementation of this mentoring was carried out at the Indonesian School of Mecca, Saudi Arabia, 

which has unique geographical conditions such as a prolonged dry season so that the temperature on earth 

increases and other phenomena that can arise (Printina, 2019). The uniqueness of geography, culture and the 

dynamics of local community life are different contextual sources compared to other countries. Through the 

surrounding phenomena, it can be used as problem-based learning material with STEM which emphasizes the 

integration of STEM (Chia et al., 2023). However, the teachers at the school face several challenges including 

limited access to professional training, difficulty in adapting to rapid technological developments, and the need to 

integrate technology into the curriculum used. The education system in Saudi Arabia emphasizes the integration 

of educational values including ethics, religiosity and Islamic art and Arabic literature (Rosita et al., 2024.). These 

characteristics reflect the importance of education that not only emphasizes cognitive aspects but also strengthens 

local moral and cultural values. In the context of the Indonesian School of Mecca, the Saudi Arabian education 

system is an environment that also influences the learning approach taken by teachers. Therefore, in developing 

STEM learning, teachers are not only required to master aspects of science and technology but must also be able 

to adapt to the learning so that it remains in line with educational values that apply contextually. This is the basis 

for the importance of teacher development so that they can integrate the STEM approach with the characteristics 

of the applicable curriculum. 

CPD workshop is a form of training or professional development that involves active collaboration between 

facilitators and participants with the main goal of improving knowledge, skills, and professional practices through 

a participatory approach (Wood et al, 2017). In a workshop that emphasizes active and collaborative training 

participants, participants not only receive material passively, but also engage in discussions, interactive activities 

and reflections together in a dynamic, relevant and sustainable learning environment (Defianty et al., 2024). The 

results of a systematic review of teacher professional development programs reveal that the success of the 

program is highly dependent on the performance of teachers and the teacher's experience of learning after some 

time of mentoring (Robetson et al., 2018). This training is collaborative, unlike conventional training which tends to 

be one-way. This mentoring emphasizes the importance of active teacher involvement in the training process 

through discussion, co-design, and reflection on STEM learning practices. This training also presents an empirical 
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evaluation of the direct impact in terms of content knowledge, pedagogy, and teacher confidence in implementing 

STEM learning. Based on this background, the research team felt the need to conduct and organize teacher 

training and mentoring at the Indonesian School of Makkah. Other studies have shown that higher levels of STEM 

training can increase teacher confidence in implementing STEM learning (Buechel et al., 2024). The results of the 

initial survey showed that 44.12% of teachers still face obstacles in understanding the concept and how to integrate 

STEM concepts without leaving the characteristics of the country's typical curriculum. Training with a CPD 

Workshop approach that was designed collaboratively and aims to improve teacher competence in planning and 

implementing STEM learning. This mentoring also considers the uniqueness of the curriculum in Saudi Arabia 

which emphasizes unique natural phenomena and religious values, so that STEM learning becomes more relevant. 

 

METHODS 

Subject and Time of Research  

This research is experimental research, starting by identifying the characteristics of the research subjects 

by distributing response questionnaires. The research period was carried out from August to November. The 

subjects of this research were 34 teachers at the Makkah Indonesian School, Saudi Arabia, with the characteristics 

of the participants as in Table 1. Participants will be guided to create STEM-based learning tools (grouped into 

groups of 4-6 people). Grouping is based on suitability to the subjects taught by the teacher. 

Table 1. Demographic Characteristics of Participants 

Demographic characteristics of participants f 

Field  

Arabic / Islamic religious education 11 

Science 4 
Math 6 
Language 7 
Arts 2 
Social  4 

Length of Teaching: 11-20 years 
Hearing the concept of STEM clearly before joining the program 24 
Implementing STEM education in Fielding 10 

Length of Teaching: 5-10 years 
Hearing the concept of STEM clearly before joining the program 28 
Implementing STEM education in Fielding 6 

 

Procedure 

The workshop used a CPD Workshop approach (Sonsupap et al., 2024). This training is conducted online 

and offline. Next, a survey was taken in the form of open questions to assess the workshop participants' views 

about STEM and how to apply it before and after the mentoring implementation. An increase in the ability to 

implement STEM learning can be seen from an increase in understanding of the implementation of STEM in 

learning and readiness to apply STEM learning, which is indicated by the ability to conclude the importance of 

applying STEM for students in terms of improving affective aspects, increasing cognitive, increasing psychomotor, 

and how STEM has an effect as a guidance facility. Students' careers. The implementation of the workshop is 

based on Figure 1. 
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Figure 1. Collaborative Professional Development Workshop 

 

Figure 1 depicts CPD workshop conducted by team. The process begins with workshop planning involving 

a team of facilitators and participants. The team of facilitators leads interactive activities that encourage active 

participation. The team of facilitators consists of experts in innovative learning and technology-based learning 

media development. This activity produces feedback that is used to improve future planning. This flow emphasizes 

the importance of collaboration, participation and ongoing program evaluation in improving teacher competency.  

Data Collection and Data Analysis 

The research data obtained were analyzed using descriptive quantitative methods by measuring the 

improvement in teacher competence. This improvement was assessed by comparing the number of correct 

answers given before and after the implementation of the activity. Each response was converted into a percentage 

to identify trends, which were then described using a Likert scale as presented in Table 2. 

Table 2. Criteria Scale for Measuring the Improvement in Teacher Competence 

Category Percentage (%) Interpretation 

Very Important 61-100 Very positive perception of the importance of STEM 

Important 41-60 Positive perception of the importance of STEM 

Quite Important 21-40 Fair perception of STEM 

Less Important/ Not Important 0-20 Low or unimportant perception of STEM 

 

Table 2 is used to ensure that the training not only improves perceptions, but also teachers' factual and 

conceptual abilities related to STEM learning.  

 

RESULTS AND DISCUSSION  

Workshop Planning  

Table 1 shows the diversity of teacher characteristics found in schools. The material is adjusted to the skills 

and practical strategies in integrating STEM in their teaching fields (Arabic, Islamic Religious Education, Science, 

Mathematics, Language, Arts, and Social Studies). Session 1: Introduction to the concept of STEM, Session 2: 
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STEM teaching strategies in education. Session 3: Practice of developing teaching modules and implementing 

STEM; Session 4: Challenges and Solutions in Implementing STEM. The number of participants who have heard 

the word STEM is very high, but teachers who have heard the concept of STEM can still apply it in the classroom. 

The core of this workshop is to place a place that emphasizes interactive activities. This activity is carried out with 

online and offline assistance. Online implementation is carried out through the WA group for initial coordination of 

implementation for offline implementation carried out at the Indonesian school of Mecca. As shown in Figure 2. 

 
Figure 2. Offline Workshop Implementation at the Indonesian School of Mecca 

 

 The implementation of the CPD workshop is designed in a blended manner, namely combining online and 

offline meetings to accommodate the needs of participants while considering the limited distance and time. Offline 

activities such as those in the picture are carried out in the middle of the activity with the aim of providing a basic 

understanding of STEM concepts, delivering this material, and facilitating group discussions and collaborative 

STEM learning design. This stage is important for building a strong conceptual understanding and forming 

connections between participants directly. 

Facilitation Team  

The existence of diversity in terms of age, teaching time makes the role of the facilitator can be summarized 

into 2 main functions, namely compiling and delivering material according to needs and facilitating small group 

discussions. The existence of small discussion facilities with existing diversity will create an inclusive learning 

environment, workshop participants can share experiences and learn from each other (Rahmawati et al, 2024). 

Small group discussions resulted in increased involvement in completing and contributing ideas. In this method, 

the facilitator acts as a companion, not just as a facilitator, but also as a driver so that participants can find solutions 

together through interaction and collaboration. In small groups, workshop participants felt more comfortable in 

speaking compared to large discussions, feeling awkward or afraid of criticism was reduced so that participants 

were more confident in conveying their ideas. There is a more focused discussion so that workshop participants 

can explore the topic in more depth, discuss various perspectives and analyze the situation more critically 

(Andayani et al., 2022). The facilitator team is divided into two teams with a focus on innovative STEM-based 

learning topics and facilitators who are experts in developing learning media. 
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Participants 

 The results of identifying participant characteristics show that those with teaching experience of 11-20 years 

and those with teaching experience of 5-10 years understand the meaning of STEM learning but have not applied 

it. This is proven by the initial data collection related to challenges in STEM learning, obtaining data as in the Table 

3. 

Table 3. Survey of STEM Learning Challenges 

Question People Presents 

Limited resources (tools, materials, etc.) 10 29,41% 

Lack of training/understanding 15 44,12% 

Limited time to develop material 9 26,47% 

 

 The results of the presentation are presented in Table 3 as the basis for the workshop team in designing 

and delivering training materials. Teachers with 5-20 years of experience generally understand the concept of 

STEM learning but have not implemented it. In line with the initial data that has been mentioned in the background 

of this training, namely the lack of related training after the identification results were carried out, another factor 

was found, namely limited resources and time for developing technology-based materials. 

Interactive Activities  

This interactive activity is the core activity, and it shows collaboration in each group to complete several 

stages contained in the e-worksheet provided (Ahadi et al., 2024). Interactive activities consist of Hands-on 

Activities, completing the challenges in the worksheet, and compiling STEM-based modules that will be applied in 

the classroom. Additional media, such as e-worksheets, can help teachers identify what needs to be prepared in 

implementing STEM learning (Muhammad et al., 2024). Based on the results of observations and discussions 

during the workshop, you can find out the extent to which teachers understand STEM concepts as in Table 4 and 

they are ready to apply it so that they can conclude the extent to which STEM will contribute to students as shown 

in Table 4. 

Table 4. Teachers' Perspectives on STEM Learning 

Question R % before %after 

Is the following statement about STEM true? The integration of 

natural science, technology, engineering, and mathematics in 

learning points is related to each other 

Correct 

False 

No responses  

76,47 

23,53 

0 

97,06 

0 

2,94 

The following is one of the characteristics of STEM. Students 

work collaboratively in solving real problems. 

Correct 

False 

No responses 

29,42 

52,94 

17,65 

76,47 

23,53 

0 

STEM integrates science, technology, engineering, and 

mathematics collaboratively and can be applied at all levels of 

elementary, middle, and high school education 

Correct 

False 

No responses 

26,47 

58,82 

14,70 

88,23 

11,76 

0 
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Table 4 shows the results of observations and discussions during the activity; the increase in teachers' 

understanding of the STEM concept was significant. The contest on understanding the integration of science, 

technology, engineering and mathematics increased from 76.47% to 97.06%. Collaborative understanding of 

STEM increased from 29.42% to 76.47% and the discussion that STEM can be applied at all levels of education 

increased from 26.47% to 88.23%. These results indicate that the workshop activities and the use of e-worksheet 

assistance provided contributed positively to increasing teachers' understanding and readiness to apply the STEM 

approach to the teaching and learning process. In addition to measuring teachers' cognitive understanding of the 

STEM concept, evaluations were also conducted to determine the extent to which teachers understand the role of 

STEM learning in student development. 

Table 5. The Role of STEM Learning in Students’ Development 

Topic Questions Responses % before % after 

Increased 

affective aspects 

STEM can increase learning 

success. Attract interest and 

motivation to learn. 

Disagree  

Neutral 

Agree 

 

88,23 

11,76 

0 

11,76 

58,82 

29,41 

Cognitive 

Enhancement 

STEM can develop problem-

solving thinking skills 

Disagree  

Neutral 

Agre 

100 

0 

0 

11,76 

29,41 

58,82 

Psychomotor 

Improvement 

STEM Develop skills by increasing 

the use of technology 

Disagree  

Neutral 

Agree 

58,82 

11,76 

29,41 

0 

11,76 

88,23 

Career guidance 

(contribution to 

the future) 

STEM Contributes to the choice of 

profession, develop engineering 

skills, Ensures the growth of 

specialists in the field 

Disagree  

Neutral 

Agree 

 

85,29 

2,94 

11,76 

14,70 

79,41 

5,88 

 

Table 5 shows a recapitulation of the results of teacher perceptions before and after the training. Before the 

training, many teachers had not seen the role of STEM in depth in increasing students' interest in learning (88.23% 

disagreed). However, after the training, there was a positive change with 29.41% agreeing. The biggest reason 

given was that when students are accustomed to using technology, they are afraid of being addicted to using 

technology which can later lead students astray. After this training, teachers began to understand the concept of 

technology that must be provided and how to develop technology in learning. Significant changes also occurred 

after the psychomotor aspect from 29.41% to 88.23%. In general, this training showed significant gains in 

increasing understanding of STEM integration in learning towards students' cognitive and psychomotor aspects. 

When a teacher understands the benefits of STEM, it increases the teacher's motivation to apply it in learning 

(Setari et al, 2024). As material for the final evaluation of the activity, teachers were also asked to provide an 

assessment of how important STEM learning is, such as in Table 6.  
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Table 6. The importance of STEM in Learning 

Category Amount Presentation 

Very important 18 52,94% 

Important 14 41,18% 

Quite important 2 5,88% 

 

Table 6 shows that most respondents said that STEM is very important with 52.94%, stating important with 

41.18% and only 5.88% considered STEM quite important. These data show that after the training, many teachers 

realized the urgency and relevance of implementing STEM learning as an approach that can improve the quality 

of learning and prepare students to face future challenges. Teachers' belief in the benefits of STEM shows that 

they are more prepared and motivated to apply STEM approaches in the learning process (Yuliardi e al., 2023; 

Happy et al., 2024). 

The results of data analysis showing an increase in the score of positive answers is shown by the frequency 

of answers being sure-very sure being more significant than the answers not being sure. Apart from the quantitative 

data provided, discussions in each group showed very positive changes in how teachers saw the application of 

STEM in the classroom. (Note: A= Researcher, B= Teacher) 

A : How much more confident do you feel to try STEM in learning after this training? To what extent do 

you agree that the explanations from the facilitator and the results of the discussions during the 

training opened your insight into STEM learning that can be applied in all subjects? 

B : I feel more confident about trying project-based methods and using technology in my lessons. The 

explanation from the facilitator and the results of the joint discussion opened my horizons; it turns 

out that STEM is not only for science and mathematics but can be applied in all subjects."  

 

Feedback 

The feedback process is carried out to help facilitators and organizers measure the effectiveness and 

teaching methods used so that they can provide a basis for continuous improvement and development. At this 

stage, the facilitator can confirm that the STEM workshop has a positive impact on increasing teacher competency. 

Based on the discussion results, the workshop participants gave a positive role as shown in the transcript below. 

A : To what extent do you feel this activity helps you with STEM learning? 

B : Previously, I would like to thank the presenters for this activity to understand a little about STEM. 

Providing examples of teaching modules to teachers regarding the implementation of STEM 

learning and accompanying implementation in class is very clear. Hopefully, in the future, there will 

be training related to STEM. Once again, Thank you. 
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The results of the feedback regarding program sustainability are shown in Table 7. 

Table 7. Results of Program Sustainability Responses 

Category Likert Scale Amount Presentation 

Unnecessary 1 0 0% 

Simply Necessary 3 5 14,71% 

Necessary 4 9 26,47% 

Very Necessary 5 20 58,82% 

 

Table 7 shows data on participants' perceptions of the sustainability of the training program. The results 

show that many teachers felt the benefits of the training and wanted the program to continue, both in the form of 

further training and assistance in implementing STEM in schools. STEM learning is important to instill in students 

because it has a perfect role in preparing them to face challenges in an era of increasingly developing technology 

(Winda et al., 2024). STEM learning focuses on mastery of theory and applying knowledge in real life, developing 

critical thinking skills, problem-solving, creativity, and innovation (Fauziah et al., 2024). This is expected to form a 

generation that is better prepared to face the challenges of the world of work, which increasingly requires 

competence in the field of STEM (Fajria et al., 2022). To overcome problems with STEM implementation, 

assistance is provided to teachers through CPD Workshops. This approach was chosen because it can encourage 

active interaction between teachers and facilitators through collaborative activities that allow teachers to share 

experiences, learn together, and solve problems collectively (Duisenbayev et al., 2024). This stage in CPD 

prioritizes interactive activities to improve teacher understanding and practical skills. During the workshop, the 

team prepared worksheets to guide teacher activities. The worksheets presented contain material based on 

environmental problems, and the teacher is facilitated to discuss how to solve these problems. After that, they 

design STEM-based learning with the group and the facilitator's assistance.   

 

Figure 3. Problem-based worksheet and teacher answers 

 

 The implementation of CPD-based training in Indonesian schools in Mecca not only aims to improve 

teachers' understanding of STEM but also to foster their readiness to integrate technology-based learning. The 

use of environmental issues in Mecca that are identical to conditions in Mecca as shown in Figure 3 as the context 

of teaching materials in the worksheet has proven to be meaningful, so that teachers can relate STEM concepts 
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to students' real lives. Activities with sufficient training frequency will provide more in-depth guidance regarding 

STEM curriculum development in the classroom (Kolesynk et al., 2024). This training activity also has limitations 

that need to be considered for future development. One of the limitations is the distance of the location which is 

quite far and the limited time for mentoring. In addition, the variation in the level of teachers' understanding of 

technology and the STEM approach is also a challenge, especially in integrating local values and the Saudi Arabian 

curriculum into STEM practices. Strengthening the learning community between teachers also needs to be 

developed to create a professional network that supports the exchange of ideas and good practices in contextual 

and sustainable STEM learning. 

 

CONCLUSION  

 Teachers who are involved in self-development through CPD workshops increase their understanding of 

the implementation of STEM in learning, as shown by an increase in correct answers to comprehension test 

questions and teachers' increased readiness to apply STEM learning, seen by being able to conclude the 

importance of applying STEM for students in terms of increasing affective aspects. Cognitive improvement, 

psychomotor improvement, and STEM influence are career guidance facilities for students with sure-very-sure 

answers. The survey results show that 52.94% of teachers firmly believe that STEM is necessary to apply in 

education. For the program's sustainability, 58.82% of participants stated that this program needs to be continued. 

Time constraints, distance and diverse teacher backgrounds are challenges in deepening the material and its 

implementation. Further activities are planned to include further mentoring, the formation of a community of 

practitioners and the preparation of contextual STEM learning guides according to the subject teachers' fields. 
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