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“Engineering Design Process is ahighly flexible method for solving
problems” (Cunningham & Hester, 2007) ¢4



Why inquiry-based learning?

* Inquiry-based learning is student-centred and constructivism
approach (but can be teacher-guided) for students’ learning
science and science process skills

’ Science subjects \

Science Concepts and Science process skills
knowledge Rz ge

Science process skills:
observe, measure,
predict, classify
experiment, interpret
data, formulate model,
communicate etc.

N

Students construct an understanding
of scientific concepts on their own by
science inquiry processes and skills

[1] NARST: https://narst.org/research-matters/science-process-skills
[2] Diagram source: Pflugerville Independent School District



Retention rate (FIERECIE)?

* Different teaching method has different retention rate

Forget completely when
\students wake up...

Affter 2 weeks,
we ia@[m@] o reMEMBET o

Discussion Group

+ 20% of what we HEAR

Practice by Doing 75%
Teach Others

National Training Laboratories, Betkel Maine

\ \ « 30% of what we SEE

\ « 50% of what
we SEE & HEAR

\ + 70% of what
we SAY

\ + 90% of what
' we SAY & DO

Reference: Source: Edgar Dale (1969)

http://flickr.com/photos/dkuropatwa/2097911917/
http://stew.ucdavis.edu/Shared Resources/Shared Resources Online/Delivery/Teaching Methods/ 26
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http://stew.ucdavis.edu/Shared_Resources/Shared_Resources_Online/Delivery/Teaching_Methods/
http://www.clker.com/cliparts/8/8/7/8/1319750699935327909Bedbug.svg.med.png
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Levels of Inquiry-based Learning

e Banchi and Bell (2008) suggested that there are 4 levels of Umbridge
inquiry, from teacher-centered to student-centered:  3loghorn (2:35)
Dumbledore’s army

Level 1: Confirmation inquiry

* Teachers (1) teach concepts, (2) develop
questions, (3) provide procedures

Teacher-centered
Teachers as providers

Level 2: Structured inquiry

e Teachers (1) develop questions, (2) outline
procedures

e Students (1) analyze data

Level 3: Guided inquiry

* Teachers (2) provide only questions

e Students (1) design procedures, (2) conduct
experiment, (3) share findings

Level 4: Open/true inquiry
e Students (1) formulate questions, (2) design

Student-centered procedures, (3) conduct experiment, (4)
Teachers as facilitators share findings



https://www.youtube.com/watch?v=qMHqxkRYt64
https://www.youtube.com/watch?v=fEOuMCd5e9I
https://www.youtube.com/watch?v=pb0SpflwH7Q
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Inquiry level

Question

Procedure

Solution

Confirmation inquiry
Students confirm a principle through an
activity when the results are known in

advance

v

v

v

Structured inquiry
Students investigate a teacher-presented

question through a prescribed procedure

Guided inquiry
Students investigate a teacher-presented
question using student designed/ selected

procedures

Open/true inquiry
Students investigate questions that are
student formulated through student

designed/selected procedures

33
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Guided Problem-solving
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Open/true Problem-solving
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Digital Literacy

2. STEAM BB B IBtEEE B

Career and Life

Critical thinking & problem solving|| Information literacy Flexibility & adaptability
Creativity and innovation Media Literacy Initiative & self-direction
Communication ICT Literacy Social & cross-cultural interaction
Collaboration Productivity & Accountability

Leadership & responsibility
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« Alex Osborn (1988-1966) =
EBE&IEA - R TSEE’JE.:.,\HZ’M& %BBDOE’J
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A ERIMEREE

* “Creativity is more than mere imagination. It is imagination
inseparably coupled with both intent and effort.”

* “Necessity may be mother of invention, but fun is the father.”

* “Whatever creative success | gained was due to my belief that
creative power can be stepped up by effort, and that there are
ways in which we can guide our creative thinking.”

* “Most ideas are step-by-step children of other ideas.”
* “Itis easier to tone down a wild idea than to think up a new one.”

* “Any of us will put out more and better ideas if our efforts are
appreciated.” o

Reference: https://www.azquotes.com/author/23884-Alex_Faickney Osborn
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“It is imagination inseparably coupled with both intent and effort.”

s IR REE

“Necessity may be mother of invention, but fun is the father.”
EJUTE%@%%&%W%% I EBEUREE - 2T
BEE / 512

“Creative power can be stepped up by effort, and that there are ways in
which we can quide our creative thinking.”

CTENERIFHRME - AZBIEEFXRBITE - dIBHRBTE
AR ATE £ 2 B o) 1718 R

“It is easier to tone down a wild idea than to think up a new one.” ; “Most
ideas are step-by-step children of other ideas.”

B2 ENZ N EMHEEFRBRE

“Any of us will put out more and better ideas if our efforts are appreciated.”
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Divergent

Convergent
thinking

HReltE &

thinking
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https://www.youtube.com/watch?v=cmBf1fBRXms
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Convergent Thinker
® Logical

® Objective

® Intellectual

® Realistic

® Planned &
® Disciminative

® Structured

® Quantitative

Reference: Creativegibberish.org@pinterest

VS

Divergent Thinker
® Intuitive
® Subjecine
® Emotional

® Imaginative

® Impulksive
? ® Hokhstic

® Free-wheelng
® Quahitative




Retrieved from:

https://www.sketchbubble.com/en/presentation-divergent-thinking.html

St
HILl

Don’t judge
the ideas.

Make
yourself
“stretch” for
ideas.

Look for lots
of ideas.

Take time to
let ideas
simmer.

Accept all
ideas.

Hitchhike on
other ideas.
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https://www.youtube.com/watch?v=BHMUXFdBzik
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Reference:
https://study.com/academy/lesson/using-guilfords-test-of-divergent-thinking-in-the-workplace. htmI
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https://www.youtube.com/watch?v=sa2JVvEyhGc




SCAMPER

"“SCAMPER" =&
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Substitute

EHEERD RN EEmP
E/\J_ VAN

BRI B2 E mAY

Modity | emrmiesEs
. B BREL A R 7 el =
Ellmlnate

EE mn PRV R E = 7

Reverse
(Rearrange)
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& —1F5
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Reference: https://www.youtube.com/watch?v=zBe7B2JvodM (Zaid Ali Alsagoff)



https://www.youtube.com/watch?v=zBe7B2JvodM

SCAMPER =%l

Reference: https://melatirakhmah.wordpress.com/2012/12/03/s-c-a-m-p-e-r/
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Reference: https://www.sessionlab.com/blog/creative-thinking/#lateral-thinking
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