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HK Government initiatives in STEM

 Government policy address 2015:

* 152. The EDB will renew and enrich the curricula and learning
activities of Science, Technology and Mathematics, and
enhance the training of teachers, thereby allowing primary
and secondary students to fully unleash their potential in
innovation.

* 152. AEREEMABIEHE « R NAEREZNEEERE) -
WwHNsRENE H - BH/NEEFT D RERIRESE

* Government policy address 2016:

* 89. The Government will step up efforts to
promote STEM (Science, Technology, Engineering
and Mathematics) education and encourage
students to pursue the study of these subjects.

*89. W ¥ & &F E tx ¥ F STEM ( Science,

Technologz Engineering and Mathematics ) }E -
BEIEREEEERERNE - & - LTENEENER -

/

2016 Policy Address




HK Government initiatives in STEM

* Government policy address 2017

* 70. Innovation and technology is not a
single industry, but a new model of
development. The development of F e
innovation and technology can lead to new
industries and create wealth, provide more
employment for young people and
improve people’s daily lives. To catch up in
the innovation and technology race, the
Government will step up its efforts to
develop innovation and technology in eight

We Connect for

major areas Hofe e Hkbpiaets
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E%ﬁﬁj%%’fﬁ‘b SREEIR . BEH ARV E
ENEIEME - %*H)JE%’:%EAM* ESZ%

mEEE - ZHEINE LTEEE - BUSS
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STEM can help our teaching?

* How to become a boring teacher?

Let student do nothing

Teach the book

Be right all the time

Assume students know nothing m
Sit still

Be predictable
Speak in monotone

Make sure students are idle

O 00 N O UL AW PRE

Keep talking

Reference: Luke Prodromou, How to be a boring teacher? ENGLISH TEACHING professional, Issue 20, July 1999 12
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Retention rate (FIERECIE)?

* Different teaching method has different retention rate

AR
% @,;) Forget completely when
20% g, % \students wake up...
Demonstration 0% %, @ Affter 2 weeks,
Dhccsdon Cron 3, we tend o rRMEMBEr .
P & ooion \ 10% of what we READ
‘ P
Practice by Doing 75% A\ + 20% o what we HEAR :
\ « 30% of what we SEE :
Teach Others 9 \\ i
National Training Laboratories, Bethel Maine \ \\ 50 of whe :
we SEE & HEAR

+ 70% of what A
we SAY c
t
Y \ . 00%ofwhat | B
. weSAY&DO | M
Reference: Source: Edgar Dale (1969) g

http://flickr.com/photos/dkuropatwa/2097911917/
http://stew.ucdavis.edu/Shared Resources/Shared Resources Online/Delivery/Teaching Methods/ 13
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The Scientific Method as an Ongoing Process

Make
Observations

What do | see in nature?
This can be from one's
own experiences, thoughts,
or reading.

Develop
General Theories

General theories must be
consistent with most or all
available data and with other
current theories.

Think of
Interesting
Questions

Why does that
pattern occur?

Refine, Alter,
Expand, or Reject
Hypotheses

Gather Data to
Test Predictions

Relevant data can come from the
literature, new observations, or
formal experiments. Thorough
testing reguires replication to
verify results.

Formulate
Hypotheses

What are the general
causes of the

phenomenon | am

wondering about?

Develop
Testable
Predictions

If my hypotesis is correct,
then | expecta, b, c,...

Reference: Garland, Jr., Theodore, UC Riverside, Picture credit: ArchonMagnus@wikipedia
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* Inquiry-based learning: Thinking like a scientist! Active

learning!
* Guiding students to go through the scientific method...

. Ask - Make
RIPw questions hypotheses
12s7 o

(XOK

-——— =
- ~y

N g Develop
( Reflect ! w7 testable

predictions

/ Presentand ° ' T ctang ‘
est an
‘o Share B Discuss, . .
~—_-- Analyze, experimen
For education! ‘

conclude

~y -
h_____—

* But which stages should the students conduct by themselves?



Levels of Inquiry-based Learning (2)

* According to Banchi and Bell in 2008, one can classify
inquiry-based learning into four levels:

Inquiry level Question | Procedure | Solution

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

advance

2 | Structured inquiry v v
Students investigate a teacher-presented

question through a prescribed procedure

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

procedures

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

designed/selected procedures




Levels of problem-solving?

* One can draw analogy and adopt the above framework for
developing students’ problem-solving skills progressively

Guided Problem-solving

EREEIR |BRREE | &
Problem Solution Result
Bnne T\ AR v v v
Confirmation Problem-solving
BRI R v v
Structured Problem-solving
(o) & T 2t v

e AT e

Open/true Problem-solving

v’ - Input for students in problem-solving STEM activites
**Modified from the four levels of inquiry-based learning in Banchi and Bell,

2008




(4) 5E 12 8Y

 One of the

Engage

mOdeIS for Students are engaged

inquiry-based

Iearning Evaluate

Students reflect on
their knowledge and
the learning process,

assessment

* Developed in
1987 in Colorado
USA by BSCS
(Biological
Sciences
Curriculum Study)
Science for Life
and Living [1]

Elaborate

Students apply their
knowledge towards
new situations,

knowledge is
deepened and
extended

[1] Bybee and Landes (1990). The American Biology Teacher, 52(2), 92-98.
[2] Diagram source: American Association of School Librarian

with a challenging
situtation, prior

’ knowledge is
activated, questions

are provoked

)

Explore

Students
investigate the
phenomenon, prior
knowledge is
challenged, ideas
are created

Explain

Students explain
the phenomenon,
new knowledge
is gained and
applied
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Design of a STEM curriculum/activity?

Objectives or

learning
outcomes

Instructional 5 .
design ssessmen

* We will first focus on objectives, and discuss
assessment and instructional design later

* Progression can also be defined in terms of objectives
* The above applies both design of a curriculum/activity

Curriculum e a Activity
(Long term) (Short term)

32



|_

STEM activi

Complete the
objectives

ow the S

"EM curriculum and

ties are connected?
Generic objectives of S, T, E, M
STEM
Curriculum
Set up the
objectives
STEM
Activities

Activity-specific objectives
Connect the generic
objectives of S, T, E, M

33



Bloom’s Taxonomy (= 17

Six levels of cognitive processes (o X1 EBHE):
1. Remember (,:.E ,u,\) Bloom and Krathwohl Anderson and Krathwohl

1956 2001
2. Understand (3£ %) - a
3. Apply (/&)

i

!

: Evaluate\
4. Analyze (53 #T) o |

!

l

I

!

Synthesis

5. Evaluate (sFif) — ANLLIEEED

6. Create (Ell35)

/ Knowledge \ Remember
Advantages: Noun —— 4 to Verb Form
i . (in 4 knowledge dimension,
e applicable to all subjects to be discussed later)

* to differentiate low-order and high-order thinking skills
Limitation:

34

* Only deal with cognitive objectives Figure credit: L. 0. Wilson



Task 1: Subject-based learning
obJectlves

e Subject teachers classify
the following learning
objectives into

* (S) Science — General
Studies

* (T) Technology — Computer
studies, General studies

* (E) Engineering - Computer
studies, General studies,
Mathematics

e (M) Mathematics -
Mathematics

1 M EstaTE 16 I F S e
> | msmsmmn ol A
FE i E 5
3 LHIERE 18 YfEF T EE
4 EET e HElE 19 fEaT e B
> iR 20 BV I 25T A
6 [ROARIEERTT 21 EatE s
7 |l siEEaLE 22 [5AH R
8 I LA 23 | LR T
9 [EHBEE 24 \EEE M
10 |73 A7 B e 25 LIRS
11 | e s 26 * Ha st IGEE T
12 PEM T.5 57 lﬁ:rﬂll FfHJ{ lef t
e B E TR
13 R AR T2 T A 28 [Fis AR ES 5
14 | 29 | ERI R T
15 | FRPREE ST R 30 |FEFI4RFE
31 WFERI 2R iR B4k




Task 2: Objectives for a STEM curriculum

1. Organize your objectives into 6 cognitive levels (according
to the revised Bloom’s taxonomy)

2. Use a sticker to write any objective not belong to “S, T, E,

S T E M

Remember
(RC 1)

Understanding
(E=4¥)

Apply

) Take a picture of
Analyze your inaIiZEd
o objectjve table!

Evaluate
(FFiE)

Create

(i) 36




Task 3: Objectives for individual
activities

Analyze the following STEM activities and the identify
the learning objectives for each activity

Compare and contrast the objectives of the activities
with that of the table in Task 2

Discuss: How do the objectives of these individual
activities bring together S, T, E and M?

Briefly design two STEM activities, one for junior
primary, the other for senior primary (or one for junior
secondary, one for senior secondary). Identify the
objectives of the activities, and from your STEM
Objectives Table” using the same rationale

37
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More learning outcomes of
integrated STEM education (1)

* Knowledge: (revised Bloom’s taxonomy in Anderson and
Krathwohl (2001))

Knowledge
dimension

Cognitive

Factual

Conceptual

Procedural

Metacognitive

1. Remember

2. Understand

3. Apply

4. Analyze

5. Evaluate

6. Create

e Skills: 215 century skills*
 Attitudes: attitudes towards each subject, attitudes towards

STEM subjects, etc*




I\/Ietacognitive Knowledge

('/fé ASZ @ity ;ﬂ: %D Egj?\,)

Learning how to learn:

1. Understanding strategies for learning, thinking
and problem solving

2. Understanding strategies for performing different
cognitive tasks

3. Awareness of one’s strengths, weaknesses and
abilities in applying those strategies

Metacognitive knowledge -------- > SDL
(Self-directed learning)

42
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https://sites.google.com/view/assessmentworkshopdemo2/home?authuser=0
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