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Explaining the Phenomenon

—

Animation for dissolution

https://www.sciencephoto.com/media/736204/view/sodiu
m-chloride-dissolving-animation
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WATER ROCKET
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A FAIR TEST ?

Conclusion from the experimental results ({& B EadiE P 5045 5H):

(1) FREZEVIGHAE J: M7~ > 18 > 78 > 75

(2) RARIZHIBEHBE ST fliT5Z > 15 5> 38 52> PH I EY

3) [E]— YR IR YR BE 2 M5 52> 16 57> 75 7> PH T EY

*Conclusion depends on the inquiry question asked and the design of the
investigation. (45amHUA PRI RE K ERTT JT7A)
Which of the above (1,2 and 3) is the best conclusion of the investigation?



Creativity (El]7& 77) and Innovations (B35 fH)

A FODNESE

. BlE (Creatl\/‘lty)

s fEEANFRHAEERENET) > By " B4EEm ) avEE) -
a0 - SRR Y TR - TARRNEGTrasts - EX R R BTN E

2. EU%}T (Innovation)

« fERFAE MRV AE(L HEREENEE > B T TEjEE , VEE -
BN - REE T EAM R T E RN EEIEE - B4R BRI TS (LR

- Bl¥r = Borx: + HEE (ERAER LfELHE{E (value added)
IEsm e R4k ~ B - NS e 52 i EH - BRIy ElHr
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Problem Solving in STE(A)M Education



STE(AM 2 & B — +—HH 40 BE

[ W

STEM Education Outcomes and 21 Century Skills (—+—{H428E 17)

eCreativity and innovation (&3 &EJ7)

e Applying knowledge and skills (J& 15155 i BE
eUsing technology (IT, Media, etc.) ({f FRHSYAYEE TJ)
eCommunication (jiiEEE J7)

eCollaboration (F4EEE /)

oCritical thinking (Ftt#] B 4ERE )
Problem-solving (FREERE /7)




What is the aims of STEM Education in HK ?

* |s STEM Education a mean oran end ?
e STEM Educationis a mean to ......

“APART from in Science, Technology and
Mathematics, and developing among them a solid knowledge base,

\/ve AIM to strengthen students’ ability to /ntegrate and apply
knowledge and skills across different S.T.E.M disciplines, and to
nurture their creativity, collaboration and problem-solving skills, as
well as to fostertheir innovation and entrepreneurial spirit as
required in the 21stcentury.”

(Report on Promotion of STEM Education — Unleashing Potential in Innovation, EDB Hong Kong,
2016, p.i)



What are S.I.E.M ? (3 Key Terms— From NGSS)

* 3 key terms defined in broad ways (putting the E in STEM in Teaching and Learning, p.3)

* Science is usually defined as both knowledge of how the natural world

works as well as the practices we employ to determine those
understanding

* Engineering is a systematic and often iterative approachto designing

objects, processes, and systemsto meet human needs and wants.
(NRC,2012 p.202)

* Technology is the product of engineering. Technologies result when

% n%i neers apply their understanaing of the natural world and of human
e

aviorto design ways to satisfy human needs and wants. (NRC,
2012,p.12)




Problem Solving in STE
Education Sy

Technology (§1i7)
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Solving authentic Problems (#4135 & [F 2H)




Science Practices and Engineering Practices

* Asking questions (for science) and defining problems (for engineering)

* Developing and using models (In Science, models should contain organized
science ideas; in Engineering, models can be used to visualize a design or as
protype for testing)

* Planning and carrying out investigation
* Analyzing and interpreting data

* Using mathematics and computational thinking

* Constructing explanations (for science) and designing solutions (for
engineering) (explanation should based on accepted theories/models)

* Engaging in argument from evidence

* Obtaining, evaluating and communication information



Models for SDL, Sl and ED adopted by In-STEAM Project,

CITE,HKU

Goal Setting

Self-
evaluation /
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\_ Planning
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Adapted from In-STEAM Project, CITE, School of Education, HKU
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A Thinking Tool for scientific investigation (To find ‘Cause and Effect’ ([552[¢]
3))

This thinking tool help plan of an experiment to give scientifically sound
results

Factor Factor Factor Factor
4 3 2 1

Outcome of the
desired
property to be

(A Sensible GIVE

measuremen &t

studied
t) (ETEFEE S
E\j \\‘El7t:<l)
Factor Factor Factor Factor8
5 6

&M ESLCE HLA 2 FEINE




3 types of Scientific investigations:
(1) One type of scientific investigation: Experimental Investigation

CV3

HEE(IV)

CV4

CV2

CV5

X

(To find ‘Cause and Effect’ in science inquiry (JAF}EE

CV1

Sensible

CVeé

GIVE

easurement)=t

Independent variable (IV) 5%

STH

Controlled variable (CV){EHl|$ &

e 20 1 5 LU ] B B (2
PRIE R AR A )
55 Outcome of the
= dependent
£ |variable (DV) to
be studied

using a
sensible
method of
measurement

(FAleETA=
LR E Y E

Dependent variable (DV) [N % &




(2) Another type of scientific investigation : A Comparative Investigation

BT AR eI E Al LB o E it Y3AE If samples A and B can be manipulated to be

closely related, more information can be
obtained from the comparison. (e.g. ¥ HE LR,

=S - HETE S AR (any correlations)

Factor4 Factor3 Factor2 I

Compare the

outcomes of the

Sample A

(Same/fair method

GIVE desired property

from the two

< of measurement) E . .
Sample B samples in a fair
way. ( Emphasized
on a fair
Factor5 Factor6 Factor7 Under a controlled comparison)
Environment (//;\ilziﬂﬂib@(ﬁ{‘%
T E R RS

To provide factual, accurate and systematic descriptions of phenomena based on accepted method without
attempting to infer causal relationships (e.g. a detail record of the structure of a plant through observation)



An example i e v BT
of a ™
comparative
Investigation
from

Consumers

Councill
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There are a lot of representations for Engineering Design Processes (EDP)
A generalized model from NGSS (2013)

STANDARDS
ol Saes. By Mokey

A H

considerations
likely to limit
possible solutions

XAy Optimize Develop SRR 2R
S solutions
sses to
Seratively test
and refine a
solution solutions
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There are a lot of representations for Engineering Design Processes (EDP)

One
Example:

Engineering Design

Identify a
Need or
Problem

SDL(Goal Setting)

SDL(Self Planning)

Research

Adapted from Chapter 2 of the book,

Beyond the egg drop: Infusing

Engineering into High School Physics,

NSTA, 2017

SDL(Self
Monitoring)

DL(Self-reflecting
Provide

Feedback

Prototype

SDL(Self?

evaluatin®

Test and
Evaluate

Communicate,
Explain, and
Share




Engineering Design Process A defined

problem
/\
D ] -
- /Results © ‘ Conduct Research &/or
< Feedback
a prototype " |
Obtainen Apply S/T/M Knowledge Develop

products,
processes
- and systems
(technologies)
to meet
human needs

and wants

-

Modified from Chapter 2 of the book, Beyond the egg drop: Infusing Engineering into High School Physics, NSTA,

O29N1 7

of the prototype




A Useful Tool for Engineering Design

Component/Structure Diagram of the Product/Artifact (jz Sh4H A/ 4555
A representation of a system (L4172 T2)

i

Outcome/Performance
(o)




Energy Input (SE =i A)
Material Input (¥4 A)

A representation of a system (24 HVFE )

Component (4H{4: ) 1

Component (Z2H{4:) 2

Component (4H{4:) 4

Outcome(EH), such as

Energy Output (& =i 1)
New Material Output (%714 H)




A method to help design/refine the product and generate creative ideas:

O .
CI-}-I) % ............................. .I
G_) % ) Component (44 ) 2
Z —
2 =2
—~
O .
(4]0} =
o =4
%:X omponent (41{%) 3
%‘? Factors
Igtb Other than .............................
H that from
ETL
3 the
component
S Outcome/Product Performance(jZE fh7eiH)

¥
S.C.A. M o P, E . R https://digitalyoming.com/scamper/
\ 4

Refined Product Performance ({4 B & AL 72 EH)


https://digitalyoming.com/scamper/

Example: A Toy Phone

This Variable Might Be Reason for Inclusion
Important.
How loudly we talk The louder you talk, the louder the phone
should sound.
T . The length of the string The phone should sound louder the closer you
‘ Len gt h * Size are together.
o ‘ e Material
Thic kn €8s How tightly we pull the string The phone may work better if the string is tight.
e Material e Shape
. T|ghtn eSS . CO N neCtiO N The size of the cans The size of the cans might ampliFy the sound.
The shape of the cans Different shapes might work better.

H:WE use SOITlethillg ﬁ'.le.'. bESidf}S cans Maybe other materials ‘\-’Vill make thﬁ'. SDlllld

(like paper cups) louder.

1. The volume of the voice of speaker

The thickness of the strings Thicker strings might work better.

The method/instrument to measure the volume
of sound received.

Use something else besides string | String might not be the only marterial that

(such as wire). works well.

3. The closeness of speaker’s mouth to the can
The figure and table was adapted from Learning & Teaching Scientific Inquiry, NSTA,

2011 (P.64 and 65)
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Problem solving in

STE(A)M Education

Information Search for the
specified problems (Pi)

Authentic Problem solved through integrating and
applying knowledge and skills in S.T.E.M. disciplines




Problem solving in
STE(A)M Education

\ = constraints

Engineering Design
g ee g esg Information Search for the

spociied probloms () I “Maths and others |
‘ o
Forming a
p I'OtOtype hypothesis,

Design
' experiment
Te chnology S

Questions conduct

//\ : .
' < \\/' \ / | A 0 experiment

" Engineerin

a prototype

YELGCE
conclusion
’ k Of or offer an Cﬁ]l:g;:; raer;d
= e | Va lues explanation data
p I‘OtOtype obtained

Authentic Problem solved through integrating and
applying knowledge and skills in S.T.E.M. disciplines




e T\

Problem solvingin (

STE(A)M Educationi
|

Engineering Design ,
Information Search for the

3 specified problems (Pi)
. Forming a
p I’OtOtyp e ] hypothesis,

Design
experiment

Search information relatepl to the problem Scenario
Break down into to simpler problems (Pis) if necessary

Ask a

Questions Sl
experiment

a prototype

conclusion or
offer an Collect and
explanation interpret data
obtained

prototype

Assessment Plan

Authentic Problem solved through integrating and +

icat lain to stakehol
ICommunlca ¢ explain to stakeholders bl applying knowledge and skills in S.T.E.M. disciplines




Other school STEAM Projects

* https://instem.cite.hku.hk/zh/stem-learning-design-zh/



https://instem.cite.hku.hk/zh/stem-learning-design-zh/

Thank You
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