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Defining problems
Developing solutions
Optimizing
Presenting
Average scores

Defining Problems: 2.50 ➔ 3.83 
Developing Solutions: 2.25 ➔ 3.25 
Optimizing Design: 2.13 ➔ 3.38 
Presentation: 2.50 ➔ 3.83 
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      Developing Engineering Design Skills (EDSs) is crucial for
vocational students, yet many struggle to transfer theoretical knowledge
to real-world problem-solving especially for Thai vocational school
context. 

The Challenge:

      This study implements Activity-Based STEM Learning (mainly
focussed on the Engineering Design Process or EDP) using environmental
monitoring stations to foster EDSs. 

   To investigate the development of 4 key EDSs components (Defining
problems, Developing solutions, Optimizing, and Presenting) through
the Engineering Design Process (EDP).

    12 first-year High Vocational Certificate students in Mechatronics
and Robotics

The Approach:

Objective:

Participants:

Intervention (6 Weeks): 2 Phases Engagement

Phase 1 (Weeks 1-2):

     Station-based activities using the Engineering Design Process (EDP):
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Assessment:

      Mixed-methods (Rubric scoring, Observation, Product assessment,
Oral and written reports)

Consistent Improvement:

Growth Across All Skills:

       Overall EDSs mean scores increased significantly from 2.34
(Week 3) to 3.57 (Week 6) (Scale 1-4).

4 EDSs

       Foundational concepts (STEM Concepts, Sensors, Microcontrollers,
Environmental Issues Discussions)

Phase 2 (Weeks 3-6):

Early Stage:
        Students relied on trial-and-error and needed instructor guidance.

Later Stages:

        Students gradually demonstrated improvement in systematic
testing, independent problem-solving (evidenced during hands-
on and heads-on tasks), and stronger environmental awareness
(particularly seen from the oral presentation part).

STEM Station-Based Learning Works: Repeatedly practice across
different environmental contexts significantly strengthened EDSs.
Shift in Skills: Students moved from "trial-and-error" to "systematic
engineering design" (through EDP).
Additional Benefit: The approach not only builds technical skills but
also fosters awareness of sustainable environmental issues.

References:
        Bybee, R. W. (2013). The case for STEM education: Challenges and opportunities. NSTA Press.
        Dym, C. L., Agogino, A. M., Eris, O., Frey, D. D., & Leifer, L. J. (2005). Engineering design thinking, teaching,
and learning. Journal of Engineering Education, 94(1), 103–120. https://doi.org/10.1002/j.2168-9830.2005.tb00832.x
     English, L. D. (2016). STEM education K–12: Perspectives on integration. International Journal of STEM
Education, 3(1), 1–8. https://doi.org/10.1186/s40594-016-0036-1
      Honey, M., Pearson, G., & Schweingruber, H. (Eds.). (2020). STEM integration in K–12 education: Status,
prospects, and an agenda for research. National Academies Press. https://doi.org/10.17226/25612
     National Research Council. (2013). Next generation science standards: For states, by states. The National
Academies Press.

Quantitative Findings:

Quanlitative Observations:
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