Bl 22 B IR IR B R

Bf Science




&)
R

’E/

EHE A
FIZIEEE & Y,
STEAMR A 5t = ErE N2 18

\\I

MEERBBRR
Department of Science

and Environmental Studies

SRAVEL

S
F1 sr=EE NE | B | B B
MHBFEBREAS/\KRPEREEREESTEME B RS (Promoting
2017/18 - | STEM education at the upper primary and secondary levels by using self-
2018/19 directed learning as a strategy) 5 8 1 14
ESTEMIV B FEE 2B/ B R h B ARIZHE S (From Self-directed
Learning to the Integration of STEM into School-based Curricula of Primary
2019/20 and Secondary Schools) 6 4 0 10
WHEFERRREBARIEBERISTEMZ B (From Self-directed Learning to
2020/21 Curriculum-oriented Integrated STEM Education) 9 6 0 15
BEXEBEBEERITTENRIZHARSTEMEBE (Self-directed Learning and
2021/22 Curriculum-oriented STEM Education with Progressive Components) 8 5 2 15
BETBRITENEHEREZRNSTEMZE B STEM Education with Self-
2022/23 directed Learning and Progressive Development in Problem-solving 10 5 1 16
BBSTEAMA B B X R ERMEEB L T EHETRIZERZESTEAM
Education with Self-directed and Progressive Learning of Engineering Design
2023/24 Process for Problem-solving 10 5 1 16
BBMSTEAME B KBXEEBAFERSTEAMES
Progressive Development of STEAM Literacy through STEAM Education and
2024/25 Self-directed Learning 10 10 4 24
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« STEAM fURLL M X FRIRNAEES:
R}E2 (Science)
R (Technology)
T 72 (Engineering)
047 ( Arts )
228 (Mathematics)

« STEM #BIENZ=E - 90 FXHERE R T
(NSF) }2 i 1 SMET %ﬁz - BB KA A SMET ﬁé%v/\
B A8 2] sSMUT NSF FE 2003 3 SMET 4B STEM

« STEAM B BB Mo 2 « Bk~ L2 ~ B KE
Fﬁﬁ’ﬁiﬁ&ﬁﬁﬂ mBEENE

1. "&E51 AEBBEEAFGE (integrate)
2. ENF THEER . A& (apply)
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HEEZ A? HEZ R?
Drama & Dance? Reading?
Liberal Arts?
icc?
Art? | Research? Robotics:
Humanity?
Religions?
Presentation? Architecture?

Music? Reading and writing? .
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IN STEM JOBS: 2010-2020
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« RERE RN FENELF Literacy
« \RIBAZ2FH AREFEHE Literate = able to read
and write

e FAMTISCIES, T, E, M ERIZE IR (T
STEM & &:

RIEAZ2E (Scientific Literacy)

21225 (Mathematical Literacy)

1147 22 (Technological Literacy)

= :flZ & (Information Literacy)
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M ANEERE?
* R. W. Bybee £ 1997 I2 LA FRIEZEHEZE:

Level 4 - Multidimensional literacy

Incorporates an understanding of science that extends beyond the concepts and procedures
of science to include the history of scientific i1deas, the nature and philosophy of science,
and the role of science in society

Level 3 - Conceptual and procedural scientific literacy

Relates information and experiences to the major conceptual schemes of science and
demonstrate procedural abilities and understanding of the processes of scientific inquiry

Level 2 - Functional scientific literacy

Uses scientific words to describe a concept appropriately, but only confined to a limited
context such as answering a test question

Level 1 — Nominal scientific literacy

Recognises a term or topic but having a low level of understanding

Level 0 — Scientific illiteracy

Lacks the vocabulary, concepts or cognitive capacity to understand a scientific topic or issue




STEM Literacy?

* Bybee (2010) defined STEM literacy in four components:
acquire and apply STEM disciplinary knowledge
understand the process of inquiry, design and analyses

recognize how STEM shapes our world

W DNR

engage in STEM-related issues

* Zollman (2012) defined three major dimensions on STEM literacy:

1. disciplinary literacies including literacies of science, technology,
engineering, mathematics and other associated areas;

2. literacies in the cognitive, affective and psychomotor domains;
3. literacies to fulfill personal, societal and economic needs.
* From “learning for STEM literacy” to “STEM literacy for learning”

* Our goal: (a) incorporate multiple STEAM disciplinary literacies

(b) integrate across various STEAM disciplinary literacies.
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Scientific illiteracy

Nominal scientific literacy

Functional scientific literacy

Conceptual and procedural scientific literacy
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Multidimensional scientific literacy
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Level 4 - Multidimensional literacy

Extends beyond the concepts and procedures of the
. . i . . 1. Bybee, R. W. (1997).
disciplines to include its history. nature and philosophy. role Towards an

understanding of

of 1 society. etc. scientific literacy.

Level 3 - Conceptual and procedural literacy In Scientific Literacy:
) . . ) An international
Relate information and experiences to the major conceptual symposium, 1997. IPN.
‘ e - C - 2. Kaiser, G., &
schemes and procedural abilities in the discipline (e.g. Willander. T. (2005).
scientific inquiry process, engineering design process) Development of
: : mathematical literacy:
Level 2 - Functional literacy Results of an empirical

study. Teaching

Use discipline-specific words to describe a concept, but T athematics and its

confined to a limited context ngég:ations, 24(2-3),
Level 1 - Nominal literacy 3. Tang, K.S, &

Williams, P. J. (2019).

Recognize discipline-specific vocabulary or concepts but STEM literacy or

with a low level of understanding literacies? Examining
B nnilE the empirical basis of
Level 0 - Literacy not required these

constructs. Review of

No need for discipline-specific vocabulary or concepts Education, 7(3), 675-

S|TI|E|A|M 697.




ZEES TEAMEBRESEES

Extent of integration

Multiple Multiple Multiple Multiple . Cheng, Y. C. (2005).
data information knowledge thinking Development of multiple
Data obtained from Categorize, describe | Make associations | Through further gﬁ;naﬁ'iggt?gga?reat'V'ty n
the cyclic process of | and compare data and analyses of conceptualization, learning. International

observation,

monitoring and
evaluation in STEAM

activities from

from multiple
disciplines to
become meaningful

information

information from
multiple disciplines
to arrive at

students’ own

mtegration and
internalization,
students arrive at

their own meta-

Journal of Educational
Management, 19(7), 605-
622.

. Cheng, Y. C., & So, W. W.

M. (2020). Managing
STEM learning: A

multll-Jle disciplinary unc.ierstandmg, cognition typology and four models
domains which becomes of
their knowledge integration. International

High

Low

v

4

v

IR NIIEN

Journal of Educational
Management, 34(6), 1063-
1078.

. Cheng, Y.C., & Yuen, T.

W. (2017). Broad-based
national education in
globalisation:
Conceptualisation,
multiple functions and
management. Internationa
| Journal of Educational
Management, 31(3), 265-
279.
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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
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Progression in problem-solving?

; BOREIRERY 4 (B2 Z AR A]

4 proposed levels for problem-

Inquiry level Question | Procedure | Solution
Confirmation inquiry v v v
Students confirm a principle through an
activity when the results are known in
advance
Structured inquiry v
Students investigate a teacher-presented
question through a prescribed procedure

v

Guided inquiry

Students investigate a teacher-presented

solving

question using student designed/ selected Level of problem-solving Problem | Solution/ Result/
procedures Plan Improvement
Open/true inquiry 1 | Confirmation problem-solving v v v

Students investigate questions that are Students confirm the known

student formulated through student

designed/selected procedures

improvement to a prescribed problem

via a known solution

4 EERIERRAESE
4 levels of inquiry-based learning
(Ba nCh| and Be” 2008) 3 | Guided problem-solving v

3]

Structured problem-solving v v
Students examine the improvement
resulted by a solution to a problem both
presented by teachers

Students solve a teacher-presented
problem by planning their own
solutions

4 | Open/true problem-solving
Students formulate their own problems

their own solutions
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Problem Solution Result
B aE T\ B g v v v
Confirmation Problem-solving
BRI A v v
Structured Problem-solving
(O] T B 2 v
Guided Problem-solving
A DA T 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
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https //S|tes google. com/wew/qtntsampIe/home?authuser 0

(3)

Mass
measuring
device_KT...
GP8-1B1-2-7

https://sites.google.com/view/assessmentworkshopdemo2/home?authuser=0
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electronic balanc t sting results, the difficul lﬂasdurmg ep e e

, principle, the steps of our
strategies to tackle the difficultie:

and o dtyhstWhpyu:anl n somethings in this website .
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« ZBTEHENXHENFZLE Literacy = able to read and write

1. &MEIERES, T,EA MERZRERE  B3EREKRETT
ZMAREF

«  REAZEZE (Scientific Literacy)
.  EEZEZE (Mathematical Literacy)
«  RIHZEZ (Technological Literacy)
« E:iHZ=%E (Information Literacy)
2. ZEUOBEEESESS, T E A M Fﬂﬂ%%ﬂ’\]“t

3. &% - oJfSE STEAM BIEERE - EPEBERR - &-
RS
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