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1. Introduction
Dear Expert,

Thank you for participating in this study. The purpose of this questionnaire is to evaluate and reach a consensus on which computational thinking (CT) practices should be included in each phase of the 5E instructional model, with the goal of developing a pedagogical framework to help teachers design appropriate STEM activities that foster students’ CT. CT emphasizes solving complex real-world problems like a computer scientist, and developing this skill will help students adapt to the era of artificial intelligence (AI). For example, in the Engage phase, students are expected to extract key information, define the problem, and decompose it into smaller parts. Please rate the importance of the CT practices included in each phase based on the provided scale.

Please note that values 1–7 represent levels of importance: 1 = Extremely unimportant, 2 = Unimportant, 3 = Slightly unimportant, 4 = Slightly important, 5 = Moderately important, 6 = Important, 7 = Extremely important. All information collected will be used solely for academic research purposes. Personal information of participants will remain strictly confidential. Thank you again for your support and cooperation.

· I have read the instructions above, understand the study, and agree to participate.

2. Expert Information
Expert ID: ______________________
Name: ______________________
Institution/Affiliation: ______________________
Title: ______________________
Discipline/Field of Expertise: ______________________
Year of Teaching/Experience: ______________________
University/Secondary Teachers/Practitioner: ______________________

3. Integration of Computational Thinking Practices into the 5E Phases
Please rate the importance of each CT practice by selecting the corresponding value. 1 = Extremely unimportant, 2 = Unimportant, 3 = Slightly unimportant, 4 = Slightly important, 5 = Moderately important, 6 = Important, 7 = Extremely important. If you have any relevant suggestions, please write them in the “Suggestion” column.

	5Es
	CT practices
	Description
	Importance
	Suggestion

	Engage
	1. Problem Abstraction
	Identifying key information and filtering out irrelevant details to define a real-world problem.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	2. Problem Decomposition
	Breaking down complex, defined problems into smaller and manageable sub-problems.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	Explore
	3. Data Collection 
	Identifying sources of data to be collected; using digital tools or observation/experimentation to obtain data that help understand the sub-problems.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	4. Data Analysis
	Using digital tools to organize, summarize, and interpret the collected data.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	5. Data Representation
	Presenting data structures and relationships through appropriate charts, concept maps, models, or other visual forms.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	Explain
	6. Pattern Recognition
	Identifying patterns or regularities, interpreting data, and establishing preliminary conceptual relationships or trends.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	7. Pattern Conceptualization and Mapping
	Extracting core concepts and visualize relationships among patterns to promote a systematic understanding of the problem.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	Elaborate
	8. Algorithmic Thinking
	Generating possible ideas or step-by-step procedures; developing visual or procedural representations to plan a solution.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	9. Modeling
	Applying mathematical, visual, or digital modeling tools to build and use models for problem-solving.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	10. Simulation
	Using digital tools or programming to create simulations that reproduce real-world situations or system behaviors, observe changes, and test hypotheses.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	11. Automation
	Using programming or digital tools to translate solutions into executable applications.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	Evaluate
	12. Testing and Evaluation
	Detecting and debugging errors; testing the validity and effectiveness/ performance of solutions or outcomes.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	13. Iterative Optimization
	Improving computational solutions through repeated iteration and refinement.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	

	
	14. Generalization and Reflection
	Transferring computational solutions to a variety of contexts or domains; reflecting on the strengths and limitations of the computational problem-solving process.
	☐ 1
	☐ 2
	☐ 3
	☐ 4
	☐ 5
	☐ 6
	☐ 7
	



4. Open-Ended Questions (Optional)
· Are there any other computational thinking (CT) practices that should be considered to solve STEM problems? In which phase of the 5E model should they be placed? 
💡Response Tip: Please provide examples of CT practices or skills that are not currently included in the form, and explain which stage of the 5E instructional model they fit best into and why. For example: “I believe Parallelization should be included as a CT practice because, when solving complex STEM problems, students often need to handle multiple variables or tasks simultaneously or collaboratively. This practice could be placed before the ‘data collection’ practice in the Explore stage, to help students develop the ability to collaboratively plan and execute multiple tasks.”
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
· Please review the correspondence between the 5Es and CT practices presented in this questionnaire. Do you consider the overall process (the alignment of CT practices within the 5E phases) reasonable? If any adjustments are needed, please specify your suggested revisions or directions for improvement.
💡Response Tip: Please share your overall opinion about the process presented in the questionnaire. You may point out areas that need improvement and provide the reasons or rationale for your suggestions. For example:
“Pattern Recognition” could be moved to follow the ‘Data Analysis’ practice within the Explore stage, because students often observe recurring phenomena during data analysis, and guiding them to identify patterns at that point would be more natural.”
“Modeling, Simulation, and Automation do not necessarily need to be strictly ordered, as they all belong to the broader category of ‘using digital or computational tools to solve problems.’ These practices can be flexibly integrated according to the characteristics of the course and students’ abilities.”
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
· Apart from the above two questions, do you have any additional suggestions?
💡 Response Tip: You may share your thoughts on aspects such as CT integration, the practical feasibility of implementing CT in your teaching, or the challenges you may face.
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________   


Thank you for your valuable time and insights!
Your responses will be analyzed using the Fuzzy Delphi Method.
