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Today is not the end of our input, 
but the beginning…….



Needs analysis 
(from participating schools)

• Principles of STEM education and SDL
• School-based STEM curriculum development
• Synergizing/integrating STEM activities with subject 

learning (e.g., scientific inquiry)
• STEM teaching team building
• Instructional/Activity design (STEM-SDL)
• Motivating students to engage in SDL
• Developing assessment tools for STEM and SDL
• STEM for mixed ability
• Integrating technology into STEM activities
• Development e-learning platform for STEM-SDL



Pedagogical reasoning cycle
(Lee Shulman, 1987)

5-stage cycle:

• Comprehension

• Transformation

• Instruction

• Evaluation

• Reflection



1. Comprehension



What is STEM ?
What is STEM education ?



Source: The 
Standard



• Science (科學) 

• Technology (科技) 

• Engineering (工程) 

• Mathematics (數學)
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STEM 與現行數理科目有何不同 ？



STEM 與數理科目有何不同 ？
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• Technology (科技) 
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Engineering – What is it?



Science Engineering

Problem Answering questions Solving problems

Experiment/Test Testing hypotheses Testing solutions

Evidence To judge validity of 
hypotheses

To judge effectiveness of 
solutions

Criteria The best explanation 
nearest to reality

As desired by man

Conclusion/
Decision

Choosing the most valid 
hypothesis that fits with 
the evidence

Combined strengths of solutions; 
consider trade-offs

Comparing science and engineering







Engineering design工程設計



• Science (科學) 

• Technology (科技) 

• Engineering (工程) 

• Mathematics (數學)
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STEM 與數理科目有何不同 ？



STEM education

Conceptual 
Knowledge

Processes/skills

Foundation 
knowledge

PracticalCognitive

• Integrated application of 
knowledge and skills 

• Creativity
• Problem solving
• Scientific inquiry
• Mathematical reasoning
• Computational thinking

Integrative 
knowledge

• IT skills
• Design 

skills
• Craft skills

Develop and apply
Problem 
context



Measuring average fall rate 

of the parachute (M)

Calculating momentum and 

impact as it touches ground (S)

Inquiry into factors affecting 
fall rate of parachute (e.g., 

shape, size, and curvature)(S)

Constructing a parachute that can 
maximize the fall rate without 

damaging the egg (S,M,T)
(Source: The Standard)



2. Transformation



Keys to transformation

1. Integrated learning

2. Learning through application/problem 

solving (Application-led learning)

3. Development of 21st Century skills



From ‘Foundation knowledge’ to 
‘knowledge integration’

S T

E M

STEM

Problem scenarios

STEM
STEM



US New Generation Curriculum

Source: NGSS (Aspire, 2013)





Subject integration in a STEM activity

S
STEM 

Activity

M

T
Science 
conceptsScientific 

inquiry

Socio-scientific 
issues/STS

Technological 
tools

Coding & 
computa-
tional
thinking

ICT 
applications

Mathematical 
concepts

Mathematical 
reasoning 

21st Century Skills

Engineering Design



How to transform STEM principles 
into a classroom activity?



A Typology of STEM Activities

(STEM 活動類型)





3. Instruction



Instruction

• Set learning outcomes

• Design activities/instructions

– Engineering design cycle, problem-based 
learning, project-based learning

• Manage group work

• Facilitate self-directed learning (e.g., through 
e-platform)



Engineering design工程設計

(資料來源：李揚津等，2017)



Activity Design Template



(資料來源：李揚津等，2017)



STEM education through/for Self-directed Learning

Self-
awareness 

Self-
evaluation

Self-
regulation

Developing 
students’ 

metacognition



(資料來源：李揚津等，2017)



Example of STEM activity design 
(I) - Electromagnet







Example of STEM activity design 
(II) - Parachute



4. Evaluation



Evaluation methods

• Mind map

• Concept map

• Drawing of design

• Inquiry report of the testing process 

• Final product

• Student self-evaluation

• Student reflective journal

• Student learning portfolio/e-portfolio



Mind Map

S
Electro-
magnet

M

T
Science 
concepts….

Scientific 
inquiry skills…..

Applications of 
science in 
industries……..

Coding for 
control…….

Using technological 
tools
e.g., Microbits………

Mathematical 
concepts……..

Mathematical 
reasoning 

Making,
troubleshooting…..



Assessment rubric
(資料來源：李揚津等，2017)



5. Reflection


