Promoting STEM education at the upper
primary and secondary levels by using self-
directed learning as a strategy
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Curriculum Frameworks of
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The Major Renewed Emphases
at the Junior Secondary Level and Beyond (Source: HKCDC)

Major renewed emphases (MRE) are brought on board to better respond to the changing
needs of society as reflected in the updated seven learning goals. With reference to their
own contexts and stages of development on various curriculum areas, schools should
plan the whole-school curriculum with due consideration of the SECG to strategically
integrate the following MRE for coherent and systematic implementation in their school
development plans alongside the school priorities for the next three to six years:

» strengthening values education (including moral and civic education
and Basic Law education)

reinforcing the learning of Chinese history and Chinese culture
extending “Reading to Learn” to “Language across the Curriculum”

<______» promoting STEM education and ITE I

fostering an entrepreneurial spirit

diversifying life-wide learning experiences (including those for
Vocational and Professional Education and Training)
stepping up gifted education

enhancing the teaching of Chinese as a second language.

To assist schools in implementing the MRE at the whole-school, cross-curricular, KLA
and subject levels, related professional development programmes will be arranged.



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 ?
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Tsui also said students do not get proper
guidance in science, technology, engineering
and mathematics, or STEM, and that resourc-
¢s are being wasted.

As an example, Tsui said that instead of

students constructing a parachute that will
safely deliver an egg to the ground, they only
focused on how to protect the egg, rather than

how to design and construct the parachute. Source: The

Standard
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Engineering — What is it?



Comparing science and engineering

_ Science Engineering

Problem Answering questions

Experiment/Test  Testing hypotheses

Evidence To judge validity of
hypotheses

Criteria The best explanation
nearest to reality

Conclusion/ Choosing the most valid

Decision hypothesis that fits with

the evidence
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Engineering design_
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STEM education

Problem
context Develop and apply
K \
Conceptual Processes/skills
Knowledge & >
/ Cognitive Practical
Foundation * Integrated application of | [ 1 o)1
knowledge knowledge and skills . Design
* Creativity skills
¢ * Problem solving e Craft skills
Integrative * Scientific inquiry
knowledge  Mathematical reasoning
 Computational thinking
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Tsui also said students do not get proper Measuring average fall rate
guidance in science, technology, engineering of the parachute (M)

andmathematim,orSTEM.andthatresourc- Calculating momentum and
¢s are being wasted. impact as it touches ground (S)

As an example, Tsui said that instead of
students constructing a parachute that will
safely deliver an egg to the ground, they only
focused on how to protect the egg, rather than

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

shape, size, and curvature)(S)

how to design and construct the parachute. 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 215t Century skills



From ‘Foundation knowledge’ to
‘knowledge integration’

Problem scenarios




US New Generation Curriculum

Science and Engineering Practices

Asking Questions and Defining Problems
Asking guestions and defining probiems in grades 6-8 buldson | -
grades K-5 axperiencas ard] progracses b specifying
relationatips Detween variabies, and derfying arouments and
o

= Define & desion problem that can be soled Hheough the
devesoprent of an obied, oo, proces o system and
inchackes mulisle eriteria and constraits, Including scientific
kncrededoe that may limilt possible sohtions, (MS-ETS1-1)

Developing and Using Models

Modeling in 68 buikds on K-5 experences and progresses o

cheveloping, wsing, and revisng modes to describe, b, and

predict more abstract ghenomena and desgn systers.

« Deveiop a model b generate data to test ideas about
desigred systems, ncuding thase representing Inputs and
outputs. (MS-ETS1-4)

Analyzing and Interpreting Data

Aralyzing data i 68 buikls on K-5 experiences and progreses

by estincling guarttative analysk tn imvedigations,

distinguishing between corelation and causation, and Dk
statistical techaigues of data and ermor analyss.

= Analyze and inferpret data to determine similarties and .
differences in findings. (MS-ETS1-3)

Engaging in Argument from Evidence

Engaging in amument from evidence in 68 builds on K-5

experiencel and progresses bo constructing & cormdincing

amgument that supports or refutes clairs for ether explanations

o salutions about the natural and desiged workd.

= Evaluate competing desion sclutiens based on jeintly

Defining and Delimiting Enginsering Probhems
miare preciasty a design Lask’s crileria and constraints can
P, Hhe o liely it i that the designe soition will be
. Specfication of corstraints includes consicenation of
scaEntific princpies and other reevant knowisdgs that are Tkdy o
liiit possible solutions. (MS-ETS1-1)

1.B: Developing Possible Solutions

A solution nesds to be tested, and Hen modified on the bask of
Hhe test results, In order to improve B (MS-ETS1-4)

Thesre: are systamatic processes for evalating solutions with
respract t lew wisll they meset the criterls and constraints of a
problem. (MS-ETS1-2), (MS-ETS1-3)

ot parts of dffensnt soiutions can be combined o ereste a
solustion that & better than any of Ik predecessors, [M5-ETS1-3)
Models of all kinds are impartant Tor testing solutions, (M5-ETS1-4)

ET51.C: Optimizing the Design Solution

Althoush one desion ray not perform Hie best acmss a0 tests,
ichentifying the charactenstics of the deagn that performesd the bed
i each best can provice uselul inforrmation for the redesion
proces—hat B, some of Boede charactedsbics figy be incoeporated
D Bhee s dessign, [MS-ETS1-3)

The Rerative process of testing e most promising solubions and

refinement and ulimetey o an optimal solution. (M5
.1}

d Ll LAy S

Influence of Stience, Engineering,
and Technology on Society and the
Natural World

= AN huran soetivity deaes on natural
regaurces 2 has both short and
kit Dt COE RO, e 35
will &5 negalive, for the heaith of
people and W natural
avironment. (MS-ET=1-1]

The: uses of tEechnologies ard
Emitationg on Meir use sre deven
Ly indicual o socielal ressdls,
desires, and values: by the Mindings
off soenbific resaarch; and by
differences In such factors as
dlimabe, natural resounes, and
econoiric conditions. (MS-ETS1-1)

| developer and agreed-upon design critera, (MS-ETS1-2)

Source:

NGSS (Aspire, 2013)
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approach) approach)



Subject integration in a STEM activity

Science Technologlcal

Scientific concepts tools
inquiry
R Coding &
Eng/neer/ng Design computa-
t|onaI
M d thinking
Socio-scientific
issues/STS
ICT
applications
215t Century Skl”S

Mathematical Mathematical
reasoning <_ IVI a concepts



How to transform STEM principles
into a classroom activity?



A Typology of STEM Activities

(STEM EBHE)
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3. Instruction

o o as R




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)
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Activity Design Template
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STEM education through/for Self-directed Learning

Self- Define
regulation / problem N Goal setting
| | Self-
Disseminate Research directed
learning
Evaluatin ? \ Plannin
g STEM . (SDL)
Optimize Design Select and
1\ cycle plan
Developing ¢
, Make
Analyze and  students ototvoe Self-
redesign | metacognition P awareness
Self- R Test
evaluation prototype

Implementing
\ Review of

progress
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Example of STEM activity design
(1) - Electromagnet
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Example of STEM activity design
(1) - Parachute



4. Evaluation



Evaluation methods

Mind map

Concept map

Drawing of design

nquiry report of the testing process

-ina
Stuo
Stuo

Stuo

product
ent self-evaluation
ent reflective journal
ent learning portfolio/e-portfolio



Mind Map

Making,
troubleshooting.....

N
Ta
d |
Using technological

tools
e.g., Microbits.........

Scientific
inquiry skills..... Science
concepts....

Coding for
control.......

Applications of
science in
industries........

Mathematical Mathematical
reasoning < — IVI a concepts........



Assessment rubric

RETE e (BERIACH « 285385% > 2017)
TREEE| [ TERSEECERORINNT  EGHA |- EEBENER REERCE R - GERRH LE
17 SEANR R
ee— TEFEENTT BN L EBIRERRET - LR
. R A EE RS ERERT LR - NS
T RRET SHMEBROAAES AR T AE PP =
; \ | - EREEERHES . MNEDEATEBRE
RESS %gé;ﬂ%ﬁlﬁﬁﬁﬁ BF LRI HRAIMEE ) 58 - DN Sl
BiEmE - FEEREE - Lpsnnssumsnnge |- GEETRE  TERERSRRAENERRFERE
e - REEEB - MTRADRNE BT EE - REEERUE FFHBEINERE SRR
TR - REERRH RN SRS B ERF RS
p— A EERARREERERE  FAERE— | - EEAHNERREAGE  OATES  RRRR
WEDRE| [ PEESECNN  RIOARI) HBER | - MAEADEINREREBIR BN  NEE
TR HRBRSRE BEBRR LT  EAEEES FRRAS
Fp— FERRHER  SARNEFATANS |- GAENHER EFWE IRLE GHET S
B A 2K

B+= : BB LERT RRESENTEERB Kt MR




5. Reflection



