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SuccCEsSFUL K-12 STEM EDUCATION:
IDENTIFYING EFFECTIVE APPROACHES IN SCIENCE,

TECHNOLOGY, ENGINEERING, AND MA L iiinmiiiag
Three broad goals...

e * to increase advanced training and

demtifying Electivs Apprus

SUCCESSFUL K-12 fective Approac . .
STEM EDUCATION gineering, and careers in STEM fields
P that leaders at t
: yswbs  © 10 expand the STEM capable
ing, and mathem
a workshop con WO rka r'ce
Council ([NRC) in
base of research
tion practices, a
schooling. The rep¥ St u d S nts
and mathematics (rathe e
gineering) because most of the resé

about improving
research on ST To increase scientific literacy for all
done on those fields.

Questions about the effectiveness of ed an
be addressed only in the context of the{@#rposes
or goals one wants to achieve. Three broad goals
for K-12 STEM education are widely espoused in
the United States: to increase advanced training and careers in STEM fields, to expand the STEM-
capable workforce, and to increase scientific literacy for all students.

Several types of specialized STEM-focused schools and programs have the potential to address
these goals. They include schools that are organized around the STEM disciplines and have selec-
tive admissions criteria; inclusive STEM schools with open admission; and STEM-focused career and
technical education schools and programs, which emphasize application-based courses. Success-
ful STEM education takes place in all of these types of schools. For instance, research experiences,

Source: Board on Science Education & Board on Testing and Assessment (Sept, 2011)



MILITARY PROGRAMS &
HUMANITARIAN EFFORTS LIKE
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FIGHTING EBOLA &

22 STATES | SSreiecrncy

More than 35,000 scientists and engineers work in the
department’s 67 national laboratories on projects that require
them to be U.S. citizens and often have high-level security
clearances that take months to obtain. More than half of the
existing scientists and engineers are over the age of 45 and will
likely retire by 2020.

To address this multi-faceted hiring dilemma, 28 senior leaders
across the department created a five-year STEM education and
outreach strategic plan that sets out to ensure a diverse, world-
class STEM work force.

Resource: National Defense Magazine (Jan, 2011)



STEM Education in U.K.

PRIMARY  SECONDARY o HE SIGNIN  REGISTER  © SEARCH

\—
D-(STEM RESOURCES ~ CPD  ENRICHMENT  NEWS AND VIEWS

New look for Catalyst magazine
Almed at students aged 14.19, Catalyst s packed with interesting articles,
interviews and new research written by leading academics.

Solving the STEM shortage: CPD
improves science teacher
retention

Science teachers who participate in CPD through STEM Learning are
much more likely to remain in teaching,

Supporting STEM learning

Working to achieve a world-leading education for all young people in science, technology, engineering and mathematics (STEM)
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Resolirces CcPD STEM Ambassadars

https://www.stem.org.uk
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integrated

STEM

the rise of education
STEM

. STEM education

interpreted

>TEM as S.t.e.M
STEM enacted as Hee
political S.T.E.M.

agenda ?
late 1990s 2015

A STEM timeline - integrated STEM education.

Source: Susan Blackley & Jennifer Howel (2015) “A Stem Narrative: 15 Years in the Making” Australian Journal of Teacher Education
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" Interdisciplinary
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AND
IMPLEMENTATION

Edited by
Reidi Hayes Jacobs
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H. Lynn Erickson

Foreword by Carol Ann Tomlinson
' 2002

Meeting
Standards
Through

-Curriculum

Susan Drake 2004

Rebecca Burns
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Theme-based Learning vs Project-based Learning
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=v TG (Engineering Design Process)
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Theme-based Learning vs Project-based Learning
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M2 By A28 (Concept-based Learning)
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X H Erickson, H.L. (2007) #1 Drake, S. & Burns, R.C. (2004)
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INTRODUCTION:
THE NEED FOR SCIENCE LITERACY

Education has no higher purpose than
preparing people to lead personally
fulfilling and responsible lives. For its part,
science education—meaning education in
science, mathematics, and technology—
should help students to develop the
understandings and habits of mind they
need to become compassionate human
neings able to think for themselves and to
face life head on.

2061 BE project was launched in 1985

S CI E N C E

FOR ALL AMERICANS




STEMESZRMEE=
Unifying Concepts Crosscutting Concepts

Project 2061 Benchmarks for NGSS (2013)

(launched in 1985) Science Literacy (2011)

O Systems, Order & O Systems O Systems & System Models
Organization O Pattern

O Evidence, Models & O Models O Cause & Effect
Explanation O Structure & Function

O Change, Constancy & O Constancy & Change [ Stability & Change
Measurement O Energy & Matter

O Evolution & O Scale [ Scale, Proportion & Quantity
Equilibrium

BENCHMATRIKS

», NEXT GENERATION

CIENCE

STANDARDS

FOR SCIENCE LITERACY

PROJECT 2061
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(Three-dimensional instruction)

“what
students

know” .- N T

QERE— - PR AR EES
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“what
students
do”

“how
students
think”



E3H%8%% (Transfer of Learning )
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Transfer of Learning
B

Edward Lee Thorndike
(1874-1949)



http://en.wikipedia.org/wiki/File:Edward_Thorndike.jpg
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Learning Curve(23E H4R)

r=n
EizHf
master & stable

Sy
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Steep acceleration
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Slow beginning

N5

Number of trials or attempts at learning
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X H Erickson, H.L. (2007) £ Drake, S. & Burns, R.C. (2004)



551-Ezpvqﬁ¥2; ﬂi—L4¢¥£/LJ\
( HK Version) 4 Unifying concepts

e Form and Function

. — * Systems & Organization
Knowledge and Understandin
/ Skills and Processes g/f * Change & ConStanCy
Values and Attudes * Evidence & Models
53 mg E% Eé %
| of o3| 7% g g 2 P
| 25 | 12 B s g | Unifying Concepts : Why?
— - - “Conceptual and procedural schemes
I ag S HERES unify science disciplines and provide
s | & |28 [E5E| € | &, . .
53 g2 958 e students with powerful ideas to help

them understand the natural world.”

Figure 2 Diagrammatic Representation of the Science (S1-3) Curriculum Framework
from : National Science Education Standards
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Order & Organization > 2
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as the FOCI
Change & Constancy .
of learning
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Order & organization
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Order & organization
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Change & constancy
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2#{EME=R
Change & constancy

90 — concentration of temperature change (°C)
carbon dioxide -
80 — (parts per milion) —
— 0.7
370 — —
— 0.6
60 — Global temperature increase —
150 — since 1850 (°C) — 05
—_— 0.4
340 — -
-_ 03
130 — -
— 0.2
320 — -
—
110 — N NUN - i — —_— 0.0
00 — this line shows the -
—_— 0.1
mean temperature for — Y
00 — the years 1850-1800 _ o2
80 = -
e
1850 1900 1850 2000
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Form & function

* PRFPAIHER(—HL71F)

Order & organization

+ ELANAE (— RS

Change & constancy

o« FEFENIZEIE

Explanation & Evidence

...... science education—meaning education in science,
mathematics, and technology—should help students to
develop the understandings and habits of ......
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Social Constructivism

e Children construct their knowledge
themselves

* Prior conception and new concepts are
interwoven

* Language plays a central role in mental
development

Vygotsky (1896 — 1934)

(ANGUAGE
“Joo/s:

o %UI‘OL‘
VIS lf

Language functions as:
e Communication with others
* Constructing Knowledge
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(System Functional Linguistics)
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Discipline «—Paradigm«——Specific Language

Each subject has i1ts own way of

thinking. Thus, the language used for
each subject has 1ts own features.

TG

Prof. M.A.K. Halliday
(1925 — 2018)
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“what
students
know”

“what
students
do”

“how
students
think”
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Avoid wet markets

ERIAE © http://dumo.art

sl E R S R T -

A\ /N
T St =

N= K

SR E (AT - B FITFA D)
(AR A 5

118 F o
(I PR 2] A %45

R
HOTAURT S - B A
HIRFASHIE L » RS

PRIRHTEN] -




NI R %
-= The Education University CHINESE LANGUAGE W

STUDIES
of Hong Kong scot AR

"STEAMz 7 8 L : i/‘fq’éﬁﬁgki_] sﬂﬂ

RRXRERE
#A  STEMEF x ¥BEBIHFA

000

= —

M

P+ Rt RITAE féEﬁ‘éEﬁ . 4K~ A~ M.

wenrEie O BRPRIALE: MHERE  Spk.-E5 - B - Fl..

o crELREE RS B Atk FR - Rk
ECARRRRIEEE  RAMER R RO BRI - B

i e T g
(Three- dlmensmnallnstructlon) E%%ﬂ'w’“‘ @%nj




>[..
N &

W &
il



AN

R EHRRNE A aER

: B PAS = A B Chttps://youtu.be/ezmTzhaaMus

B DAY ERhtps://www.youtube.com/watch?v=oyqganjlc Tkw

! K HTES https://www.youtube.com/watch?v=pzcI YIVHOV¢

» BAFIA B] BT By 22 https://fwww.youtube.com/watch?v=K QfRLuSdEr4
LG A Y = Fhttps://www.youtube.com/watch 7v=57wGMPkcbzs
DOVE RS H ZEhttps://www.youtube.com/watch?v=iBTXFdvvb8w

o mF S o T

T EHMIRERERAL
BIRER RN R



https://youtu.be/ezmTzhaaMus
https://www.youtube.com/watch?v=oyqanj1cTkw
https://www.youtube.com/watch?v=pzcIYIVH9Vc
https://www.youtube.com/watch?v=KQfRLuSdEr4
https://www.youtube.com/watch?v=57wGMPkcbzs
https://www.youtube.com/watch?v=iBTXFdvvb8w

