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Problem Solving in STE(A)M Education
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21 Century Skills (—-+—TH4 85 7)

eCreativity and innovation (El[#5E )

e Applying knowledge and skills (J& B &5 F14 iy BE 17)
Using technology (IT, Media, etc.) ({fE FHRHEZAYEE 1)
eCommunication (JEEEE /)

eCollaboration (FZ{EEE 1)

eCritical thinking (FLL#] B 485 17)

eProblem-solving (fREERE 17)
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STEM Education Outcomes and 21 Century Skills (—+—T1H42 85 /7)

eCreativity and innovation (B 5E 77)

*Applying knowledge and skills (/& FH RIS AR Ao I RE T)
eUsing technology (IT, Media, etc.) ({# FHRHEZHIAE 17)
eCommunication (J&HEE 7)

eCollaboration (F{EEE T7)

eCritical thinking (FHH| B 4EEE T7)

eProblem-solving (BREEEE 17)




What is the aims of STEM Education in HK ?

e |s STEM Education a mean or an end ?
e STEM Education is a mean to ......

“APART from in Science, Technology and
\I\/:Iathematics, and developing among them a solid knowledge base,

e AIM to strengthen students’ ability to integrate 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

foster their innovation and entrepreneurial spirit as required in the 215t
century.”

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



What are ST.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 approach to designing
objects, processes, and systems to meet human needs and wants.
(NRC,2012 p.202)

* Technology is the product of engineering. Technologies result when
engineers apply their understanding of the natural world and of
human behavior to design ways to satisfy human needs and wants.
(NRC, 2012,p.12)



Science Practices and Engineering Practices

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

* Developing and using models (models should contain organized science
ideas)

* Planning and carrying out investigation
* Analyzing and interpreting data
* Using mathematics and computational thinking

e 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




Problem Solving in STE(A)M Educati
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Models for SDL, Sl and ED adopted by In-STEM Project, CITE,HKU
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Adapted from In-STEM Project, CITE, School of Education, HKU




SDL(Self Planning)

SDL(Goal Setting) '
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A Thinking Tool for scientific investigation (To find ‘Cause and Effect’ ([X£E-F5{%))
This thinking tool help plan of an experiment to give scientifically sound results

Factor 4 Factor 3 Factor 2 Factor 1

(A Sensible GIVE

measurement) &

Factor 5 Factor 6 Factor 7 Factor8

Factors that affect the experimental outcomes (S22 B B4t BB AV L FER )

Outcome of the
desired property
to be studied
(FTEHEHES
HYEEER)




(1) One type of scientific investigation: Experimental Investigation
(To find ‘Cause and Effect’ in science inquiry (FARFEEFZESE a3k H IR B BE12:)

Cv3

JEILEETA(IV)

CV4

CV5

Independent variable (IV) J& 175515

CV 2 Cv1

CV6

Controlled variable (CV)JZE#]85 15

Outcome of the
dependent
variable (DV) to
be studied using
a sensible
method of
measurement

(HieE A=
FEERfT Eﬂ_”El’JE
SEETHAVAE R

Dependent variable (DV) [ IH




(2) Another type of scientific investigation : A Comparative Investigation
B+ SHEEHIE R

Factor4d Faetor3 Factor2 Compare the
outcomes of the

desired property

Sample A (Same/fair method GIVE

to be studied

from the two
B

of measurement) samples in a fair

Sample B

way.
(A FH PR
Factors Factor6 Facter? = E Y
GE )

(3) Another type of scientific investigation : A descriptive Investigation

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)



A few words on FAIR TESTS

Refer to the following example:
https://www.instagram.com/p/CQaLvAllsUh/

Conclusion from the experimental results (1 B EaEiE eI 4E5m):

(1) REZHYRCHRE T Al 52> 155> i 7> PRI AL

(2) RAFEREZHIFOHBEST: MliT5Z > R > 71 K7> PN KL

(3) [El—EFEHIRIRNF IR SCHAE ST AT 52> 18 K> 785 K> PH N EY

*Conclusion/Method of inquiry depends on the inquiry question asked

(&5am/ I T ARUA T AR CH )


https://www.instagram.com/p/CQaLvAJlsUh/
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There are a lot of representations for Engineering Design Processes (EDP)
A generalized model from NGSS (2013)

STAROARDS
Far States. By MuRey

considerations
likely to limit
possible solutions

(BALRE T Optimize Develop SR TTE
Use oy —ocsuatic solutions
processes to

iteratively test
and refine a
solution solutions




There are a lot of representations for Engineering Design Processes (EDP)

One Example:

Engineering Design

Identify a
Need or

Problem

SDL(Self Monitoring)

) SDL(Self Planning

SDL(Goal Setting)

SDL(Self-reflecting)
Provide

Feedback

Research Prototype

Test and
Evaluate

Adapted from Chapter 2 of the book,
Beyond the egg drop: Infusing
Engineering into High School Physics,
NSTA, 2017

Communicate,
Explain, and
Share




Engineering Design Process

A defined
problem

Design

Results or
Feedback
Obtained

Make

lq

!

Test and Refine

<_+

Conduct Research &/or
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, 2017



A Useful Tool for Engineering Design

Component/Structure Diagram of the Product/Artifact (jz& ShaH{4/455E
A representation of a system (245 FE7R)

i

Component (2514 ) 1

Outcome/Performance

) (o)

omponent (ZH{F ) 3




Energy Input (§E & A)
Material Input (3774}Hig AL

A representation of a system (Z4EHVFE )

Component (4H{4: ) 1

Component (4H{4:) 4

Outcome(jZE H), such as
Energy Output (FE &= 1H)
New Material Output (477Hig )




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

U =5
rm =4
2 s
) =
Z =
Tp) =
—+t =4
m —
(0]0]
® )
54 /‘
o
D[:b Factors
IKEI other than
E& that from
=~  the
components

Outcome/Product Performance(E fn7sH)

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

Refined Product Performance(I4 E & SL7siH)


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.
. Si The length of the string 'The phone should sound louder the closer you
* Le ngt h VAS are together.
. ' * Material
Thickness How tightly we pull the string The phone may work better if the string is tight.
e  Material  Shape
. . The size of the cans The size of the cans might amplify the sound.
* Tightness * Connection
The shape of the cans Different shapes might work better.

H:WE use something ﬁ'.lSE'. bESidEJS cans Maybe Othﬁ'.f materials “’ill make thﬁ'. SOL]Ild

(like paper cups) louder.

1. The volume of the voice of speaker

The thickness of the strings Thicker strings might work better.

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

Use something else besides string | String might not be the only material 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)




Problem solving in
STE(A)M Education

. Information Search for the

Exploratory
Learning

specified problems (Pi)

Engineering

== \/alues

Directed
Learning

Authentic Problem solved through integrating and

applying knowledge and skills in S.T.E.M. disciplines

Productive
Learning




Directed Learning

Receiving and
interpreting
information

= SR AR

Practice Test/Assessment

o5 G R SHIER/ LT

Exploratory Learning

Information Exploration Explorations
exploration through through
conversations tangible/immersiv
B¥ZE TR e investigations

R (B RS F)

Productive Learning

Presentations

conceptual/wsual tanglble/manlpulable ,
Performances lllustrations

artefacts

Reflective Learning

artefacts .. WIS
@*%*Eﬁlu\/fb/¥ﬁ Z E] >Ei§§%l i%bu E
i HEHE AT AT F IR,
Self-/Peer-
Reflect|on Reviiion assessment
K8 i A3/ IR T

Adapted from Professor Law,
CITE, School of Education, HKU

=
=
=N

Reference: Nancy Law and co-authors, A pattern language based learning design studio for an analytics informed
inter-professional design community. Interaction Design and Architecture(s), 33, (2017), 92-112
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Problem solving in (
STE(A)M Education :
\

amm s
_ Information Search for the
3 specified problems (Pi)
prototype

Forming a

( hypothesis
'Te chnology |NSCIENCE Ask a
Design and

Questions conduct an

|i ) experiment

W ELCEE

a prototype

Kt -
prototype

conclusion Collect and
or offer an interpret
= = \/alues explanation data
obtained

Authentic Problem solved through integrating and
applying knowledge and skills in S.T.E.M. disciplines
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Problem solving in
STE(A)M Education

‘P—» P1,P2,..... ‘

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

\ constraints
aam D=
_ Information Search for the I ‘
3 specified problems (Pi)
_ Forming a
p rOtOtype ( hypothesis

T:chnology BSS¢ience o

Questions

Design and
conduct an
exper at

Results or
Feedback

a prototype

obtained

{ Engineering

W ELCEE
conclusion

Collect and
V I or offer an interpret
== == Values explanation data
prOtOtype l obtained

Authentic Problem solved through integrating and

Communicate, explain to stakeholders | 4= applying knowledge and skills in S.T.E.M. disciplines




A summary:

* The key element in STE(A)M education is to integrate and apply the knowledge and skills
students have learned in the S.T.E.A.M. disciplines.

 The method of inquiry designed (as well as the conclusion) must match the inquiry
guestion raised.

* The concept of fairness in designing an experiment can be introduced through
comparative investigations ( such as the comparison of a property of several objects
under certain conditions) in elementary grades. In senior grades, when students can
handle the idea of ‘variable’, the concepts of independent variables, dependent variables
and controlled variables can be introduced in a more vigorous sense. “f'F[&E” is a
helpful tool for students to handle the concept of fair tests.

* The engineering design process (EDP) and Science inquiry can be integrated into a
STE(A)M curriculum. The components in an artifact to be produced can be considered as
variables in the inquiry process; this practice can help to inform the ‘design’ and ‘refine’
stages of the associated EDP. This practice can help strengthen the science process skills
as well as the innovation in product design.



THANK YOU



