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Active promotion of STEM education

Educate to Innovate initiative, 2009
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STEM Integration
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Why Is STEM Education Important?

Build 215t century workforce

with “215t century skills”

Need of enterprises
To build talent pool

22 Bridge the gender

STEM — - gap in STEM jobs
professionals supply

for future econom

Carmody (2016), Why Is STEM Education Important? 4
NATURE (2017) , Building the 215t Century Scientist



Chief Executive’s Policy Addresses on STEM education
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Uphold the Rule of Law ¥
Seize the Opportunities wp
Make the Right Choices

Pursue racy

The Education Bureau 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 pupils
to fully unleash their potential
in innovation

(Iltem 152 in 2015)
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Uphold the Rule of Law
Seize the Opportunities
Make the Right Choices

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

(Iltem 89 in 2016)

“B-tFEMBERS
2017 Policy Address

The Education Bureau should strive to
promote STEM education with the
provision of additional resources for
primary schools at the beginning of last
year, and be prepared to provide each
public sector secondary school with an
additional one-off subsidy of $200,000 to
facilitate the implementation of school-
based programmes related to STEM
education (Para. 212 in 2017)



Chief Executive’s Policy Address

Highlighted innovation and technology as one of the main policy
directions for economic development. To boost innovation and
technology in eight key areas to help HK become an international I1&T
hub

(1) resources for research and development, (2) nurturing a talent pool,
(3) venture capital, (4) scientific research infrastructure, (5) legislation
review, (6) opening up data, (7) government procurement and (8) popular
science education



Innovation and Technology
2 O 1 8 1 9 B U d gEt * Focus on 4 areas: biotechnology, artificial intelligence (A.l.),

smart city and financial technologies

¢ Set aside $20 billion for the first phase of the
Hong Kong-Shenzhen Innovation and Technology Park A :
in the Lok Ma Chau Loop ,. e

* Inject $1 O billion into the Innovation and Technology
Fund to support applied research and development

an d TECh nNo I O gy * Earmark $1 0 billion for the establishment of two research clusters on healthcare

technologies and on A.l. and robotics technologies, to atiract top scientific research

Boost Innovation

D eve I O p me nt institutions and technology enterprises
* Allocate $1 0 billion to upgrade facilities of the Science Park and enhance support
for enterprises in the Park
The 2018-19 Budget * Allocate $200 million to Cyberport to
https://www.budget.gov.hk/2018/eng/ec.html enhance support for start-ups, and another $1 OO million to develop e-sports
Y

B

¢___‘ Constructlon Industry

e Setupa $1 billion Construction :
Innovation-and Technology: Fund to support - - -
the industry to harness innovative technology

Creatwe Industrles

- # Inject $1 billion mto the CreateSmart
... .Initiative to support development of
the creatlve mdustnes




Global Innovation Index 2018
Energizing the World with Innovation
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Global Innovation Index 2018 rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.61
Switzerland 68.40 1 Hi 1 EUR 1 096 1 I
Netherlands 6332 2 Hi 2 EUR 2 0.91 4 I
Sweden 63.08 3 Hi 3 EUR 3 0.82 10 I
United Kingdom 6013 4 Hi 4 EUR 4 077 21 I
S | 3] ga p ore Singapore 59.83 5 Hi 5 SEAOD 1 061 83 I
United States of America 59.81 5 Hi 5] NAC 1 076 22 1
Finland 59.63 7 HI 7 EUR 5 076 24 .
Denmark 58.39 3 Hi 8 EUR 5 073 29 ]
Germany 58.03 9 HI 9 EUR 7 0.83 9 I
Ireland 5719 10 HI 10 EUR 8 0.81 13 I
Israel 5679 1l HI 1l NAWA 1 081 4
Korea, Republic of 56.63 12 Hi 12 SEAQ 2 079 20 .
Japan 54.95 13 Hi 13 SEAQ 3 068 44 I
Hong Kong (China) 5462 14 Hi 14 SEAOD 4 0.64 54 _
Luxembourg 5453 15 Hi 15 EUR 9 0.94 2 —
France 5436 16 Hi 16 EUR 10 072 32 .
China 53.06 17 UM 1 SEAD 5 092 3 [ ]
Canada 52.98 18 HI 7 NAC 2 0.61 &1 [
Norway 5263 19 Hi 18 EUR 11 0.64 52 I
Australla 5198 20 Hi 19 SEAQ 6 058 76 [ |
Austria 5132 21 Hi 20 EUR 12 064 53 I
New Zealand 51.29 22 Hi 21 SEAQ 7 062 59 _
Iceland 5124 23 Hi 22 EUR 13 076 23 I
Estonla 50.51 24 HI 23 EUR 1 082 12
Belgium 50.50 25 Hi 24 EUR 15 070 38 ]
Malta 50.29 26 HI 25 EUR 16 0.84 7 I
Czech Republic 4875 27 Hi 26 EUR 17 0.80 17 _
Spain 4868 28 Hi 27 EUR 18 070 36 [
Cyprus 4783 29 HI 28 NAWA 2 079 18 —
Slovenia 46.87 30 Hi 29 EUR 12 074 27 [ ]
Italy 46.32 3 HI 30 EUR 20 070 35 I



Global Innovation Index 2018
Energizing the World with Innovation

Innovatio Sub-Index rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 42.51
Singapore 7423 1 HI 1 SEAC 1 —

Switzerland 69.67 2 HiI 2 EUR 1 I

Sweden 69.21 3 HiI 3 EUR 2 T

United Kingdom 6789 4 Hi 4 EUR 3 I

Finland 67.88 5 HI 5 EUR 4 N

Unlted States of America 67.81 B HI B MNAC 1 —

Denmark 6743 7 Hi 7 EUR 5 I

Hong Kong Hong Kong (China) 6671 8 HI 8 SEAO 2 ]

Netherlands 66.45 9 HI 9 EUR 6 I

Canada 65.67 10 HI 10 NAC 2 I

Australia 65.66 1 HI i SEAO 3 I

Japan 65.41 12 HI 12 SEAO 4 I

Norway 6418 3 HiI 13 EUR 7 I

Korea, Republic of 63.42 14 HI 14 SEAOD 5 —

New Zealand =2 A1 1= (=] iE CTEAM = —

France Elements of the national economy that enable innovative activities:

s * Institutions

Ireland ’

Israel * Human capital and research,

L e Infrastructure,

Belgium

\celand * Market sophistication, and

3pain * Business sophistication

United Arab Emirates



Global Innovation Index 2018
Energizing the World with Innovation
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Innovatio ub-Index rankings
Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 25.39
Switzerland 6713 1 HI 1 EUR 1 I
Netherlands 6019 2 HI 2 EUR 2 ]
Sweden 56.94 3 HI 3 EUR 3 .
United Kingdom 5237 & HI 6 EUR 3 I
Germany 5279 5 HI 5 EUR 5 I
United States of America 51.81 7 HI 7 NAC 1 I
Luxembourg 52.87 4 HI 4 EUR 4 _
Finland 5138 8 HI 8 EUR 7 ]
China 50.98 10 um 1 SEAD 1 .
Israel 50.83 1 HI 10 NAWA 1 I
Korea, Republic of 4384 12 HI n SEAO 2 E——
Ireland 51.25 9 HI 9 EUR 8 -
Denmark 4934 13 HI 12 EUR 9 s
Iceland 44.26 19 HI 18 EUR 13 EE
Estonla 45.39 17 HI 16 EUR 12 —
France 4540 16 HI 15 EUR 1 —
Malta 4584 14 HI 13 EUR 10 [
Japan ’
Czech Republic
;‘“::"’Jm Outputs are results of innovative activities within the economy:
Singapore g « Knowledge and technology outputs

Slovenia

Hong Kong  gaihCiElClo

New Zealand

* Creative outputs

Monsaay




Difficulties in STEM education

The Academy of Sciences
6 ofHongKong & & R

Over- Poor
: Current
SCIENCE, TECHNOLOGY AND emphasis on universit prospects of Shape and narrow
MATHEMATICS EDUCATION S . y studying ’ :
admission students’ studies

in the Development of the Innovation and reSUItS and OI|C|es SClence and
Technology Ecosystem of Hong Kong core su bjeCtS p engi neeri ng

Academy of Sciences of HK (2017)
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Difficulties in STEM education

“STEM Education in Primary Schools” Survey

Excessive homework

Hinder

Unattractive students’
2’“\/2%. ® o participation in
STEM-related

extra-curricular
activities

Expensive activity fees ‘
O 000 00

Lack of support, training and
confidence of teachers in STE

Affect the
effectiveness
of teaching and
learning

EEAETDR

the hongkong federation of youth groups

Students have
limited
exposure to
STEM learning
activities

HK Federation of Youth Groups (2017)

12



Difficulties in STEM education

“The Out-of-School STEM Ecosystem” in HK

£ Croucher Foundation

ZERES W

%

Fully occupied Certain teachers
students’ not possess STEM
schedules knowledge

Schools, parents
and students
prioritize in- Lack of strategic
school and funding from the
academic-related STEM government
activities over education in
STEM activities Hong Kong
NOT easily be

promoted Croucher Foundation(2016)

13



o _ _ _ ’\ WOMEN'S %’ ;i-
Difficulties iIn STEM education ASSIELIEEL by
“To STEM or Not STEM? Factors influencing Adolescent Girls’ Choice of STEM subjects”

ST
: Sﬁﬁ“{g&ﬁ *\ Girls’ intention
SICHES g to study STEM-
related subjects

Parents lack

| information on
STEM career
Gender stereotypical options

beliefs of both students
and teachers The Women'’s Foundation (2017)

14




Promoting STEM education

“Globalization & Top-level Design of STEM Education”

Joint efforts of :

Fraenrees (O Creating a positive environment

for STEM and career development Government

Establishing
STEM+
Creating a Promoting literacy
‘STEM+ different  framework &
Promotion teaching STEM+
Centre’ strategies business-
school
platform

Improving

the
university
admissions

system

HK Policy Research Institute & HK Vision (2017)

15



Change students’ learning
from studying discrete bits of the knowledge and using rote procedures to
Investigate the interrelated facets of real world problems

Science

Inquiry

National Governors Association (2007),“Innovation America: Building a STEM Agenda”

16



Science

Inquiry

JIEN G a FRETNER If
Identifvi.ng the Making Designing Measuring Interpreting
question/ hypothesis the inquir and the data
problem ypP quiry recording
\ J \ }
V |
. Technology, Science,
clence Engineering, Mathematics

Mathematics

National Governors Association (2007). Innovation America: Building a Science, Technology, Engineering and Math Agenda. =
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Educator
Pack

Arduino

Technological products provided
convenience and tools
for making and investigation




Consumers of products— Creators of products

“I was very lucky, because when |
was a kid both my dad and the
Heathkits made me believe | could
build anything.”

Steve Jobs

Availability of Inspire the quest to

right tools make and to create

19



New meets old -
Paper plane controlled by mobile App

(Powerup 3.0 App —adding mobile control,to paper planes)



Enhance the quality of life
Essential for sustainable development of our planet

21
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S [EM Fair = Platrorm Tor exchanging innovative ideas

I

22

Years
from 1997 to 2018

3,000 ...e. . 20,000

STEM projects in I Students and
m Teachers
10+

(0)
Hong Kong Primary Y e
Schools participated regions

Teams from other
from 2006 to 2018

22 200

Booklets ?f Online Outstanding
STEM projects awarded teams

videos 23

90%

Growth in
participation rate




S TEM Fair = Platform Tor exchanging innovative ideas
Rooftop Insulated Container
Heat Insulation

Fruit Enzyme

Detergent
Moss Filtration System .

ound Energ
Generator

o

High Efficiency
Urban Farming Barbecue Grill

Investigation
Covmw T

Eggshell
oothpaste

24




STEM Fair - Platforrn for exchanging innovative ideas
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Challenges — STEM Aspiration

Science
Inquiry

26



What is Aspiration?

* Expressions of one’s hopes or
ambitions

L. Archer & J. DeWitt (2017),
Understanding Young People’s Science Aspirations

e Aspirations can range from
vague and uncertain ideas about
the future through to ‘more
concrete and achievable’ plans

Julia Brannen& Ann Nilsen, (2006) From Fatherhood to Fathering:
Transmission and Change among British Fathers in Four-generation
Families, Sociology.

27




Aspirations help to...

UNDERSTANDING
YOUNG PEOPLE’S
SCIENCE ASPIRATIONS

I-g)ow students form ideas about ' .'A";“. ," ,\ PI‘EdICt the general type
‘becoming a scientist’

of career path young
people may take

Louise Archer and Jennifer DeWitt

Downloaded by 203.160.80.65 at 22:55 31 October 2017

Provide a useful reference

for policy makers to adjust
Rl education policies

LONDON AND NEW YORK

L. Archer & J. DeWitt (2017), Understanding Young People’s Science Aspirations

28



School-STEM Profession Collaboration

STEM Educators
Professions

ical K . Imparting STEM knowledge
FUEIEHIEEL BHELS @ E s and skills with relevant

using transdisciplinary designing STEM learning
knowledge of S, T, E, M activities

Students

Reconcile students’
interests to the
contemporary world of
science

Watters and Diezmann (2013)



School-STEM Profession Collaboration

£~ 2

School

Students

General Studies teachers Attitudes towards

STEM

Authentic STEM

Other teachers activities

Research Project funded by Pedagogical Content n—
STEM Knowledge
ﬁC KB EEYEEY Scientists Interdisciplinary Concep;tion;n STEM
‘ ] - education
¥ University Grants Committee nature of STEM

2018-2019 e neaene dogogtes for STEM
- - pedagogies for
\Educators {resean:hers]) challenging problems education
School-STEM Professional Professional Development . .
. Anticipated changes
collaboration Focuses

STEM education PD programme design framework

30



School-STEM Profession Collaboration

Core elements in Current issues STEM professionals Innovations
school curriculum serving our community

--------

Energy saving
with Green roof |

Leakage common
s at scupper
. |

Potential leakage
/\{rea at drain

Gutter mounted\ % E
at low end of roof

31



* PM2.5
== Mmonitor

Chinese
medical
practitioner

Food
scientist

T STEM

Cooking

: Professionals ¥ <

timer . -
Serving our Food storage
community thermometer

e

Water
service
engineer

: Floating solar
= VR tour J

(Y ower system
 App P y 32

Drainage
engineer
EE B E K

Software
designer

reservoir
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Work as an Environmental Scientist

Activity 5
Experiment
air
direction

Activity 4

Field test

on traffic

flow and
pm 2.5

Introduce Activity 1 Activity 3
STEM . .
professionals Examine Enquiry
sources of about wind
indoor direction
pm2.5 and pm 2.5

and pm 2.5

LCD SRES

| BFex
B ~ RRET : 34
| =EEE




Innovative design - " Air quality Alarm System |
by students with intellectual disabilities

|' .

PM2.5 Sensor

" Air quality Alarm System

35




Innovative design - " Air quality Alarm System |
by students with intellectual disabilities

Coding:
If the PM2.5 is higher than 50 -
the red LED light is on and

the Microbit LEDs screen display “Unhappy face”

36



Innovative design - " Air quality Alarm System |
by students with intellectual disabilities

If the measured PM2.5 is lower than 50
green LED light is on and
Microbit LEDs screen display “Smiling face”

37



Innovative design - " Air quality Alarm System |
by students with intellectual disabilities

If the PM2.5 is lower than 50

green LED light is on and

Microbit LEDs screen display“Smiling face” with
a nice music

38



Research on School-STEM Profession Collaboration

Research Methodology

Teachers
* Change of conception towards STEM education by writing/drawing

e Reflection on Lesson

Student
* Pre/post survey of attitude towards STEM education and STEM career

STEM professions
* Interview

39



Research on School-STEM Profession Collaboration

Research Methodology — Reflection on Lesson
Design

Implementation

STEM Content

Students’ engagement in classes

Use of technology

Classroom Culture

G mMm m o O o >

Likely impact of Instructions on students’ understanding of STEM

40



Research on School-STEM Profession Collaboration

Research Methodology — Student survey

A. Perception Of STEM careers
* Science aspiration survey

*» STEM stereotypes
* STEM career semantic survey

B. Personal and social implication of STEM
C. Use of the technology

41



Research on School-STEM Profession Collaboration

STEM Professional Interview
* Background information

* How to equip youngsters for the STEM careers ZRUCATION
* Scenarios suitable for student inquiry GOALS‘J »l/ ‘Zwsum |
» STEM practices (knowledge and skills B
required) A .
« Study pathways the professionals took that led VILVES S SKILLS
to the current job INTEREST
« Recommendations of steps to pursue if one is \ .‘\K\\\“

interested in this career field

Wyss, V. L., Heulskamp, D., & Siebert, C. J. (2012). Increasing middle school student interest in STEM careers with videos of scientists.
International journal of environmental and science education, 7(4), 501-522 42



Research on School-STEM Profession Collaboration

Findings — Changes in teachers’ conceptions

e Teachers’ narrow views of STEM engagement
* Impact of the School-STEM Professionals collaboration on teachers’
conception

 Scientific enterprise
* Human endeavor in engineering and human benefit with technology

Problem solving with mathematics

More emphasis on student learning

Role of STEM professionals

43



Research on School-STEM Profession Collaboration

Findings — Students’ attitude

Increase on most of the four constructs in the post-survey
Students develop more views of STEM professionals after the STEM programme

Constructs School A School B School C

Interests in STEM careers :Z(r)it 222 Egzg; 383 E(l)gg; 3(2)2 Eggg;
Views on STEM impiicatons ot 401(07%) 361008 401 (0.9
Positive images of STEM professionals Ecr)it ggé Egg;; 222 Eg;i; g% Eg;g;
Stereotypes of STEM professionals E(r)est :z: 2(1333; 382 2822; :gg 5233

Note:
Scores are on a five-point scale of 1 to 5, with 5 being the most favoured attitudes toward STEM careers and images of STEM professionals
Pre = pre-survey, Post = post-survey

44



Research on School-STEM Profession Collaboration

Findings — Students’ attitude

School A (Water Engineering Service)

e Significantly main effect of the programme on “Implications” and “Positive images” was found,
indicating that the students significantly improved their views of STEM occupations’ social
implications, and developed more positive images of STEM professionals after the STEM
programme

* Significant STEM programme * gender effects were found on “Implications”. Boys’ images
improved more significantly compared to girls’ e

2] Girl

3.9 S/
/

Results of Mixed ANOVA

3.6

Interests STEM programme 0.414 0.010 /
STEM programme *Gender 2.349 0.055
Implications STEM programme 5.121* 0.113 o T
STEM programme *Gender 3.435 0.079
Positive images STEM programme 4.916* 0.109 4
STEM programme *Gender 5.926* 0.129 o
Stereotypes STEM programme 0.112 0.003
STEM programme *Gender 1.675 0.040 Positive images of STEM professionals
Significant differences at p< .05 are in bold. *p < 0.05 Gender effect on the impacts of the STEM programrhe

(1 = Pre-survey, 2 = Post-survey)



Findings — Students’ attitude

School B (Environmental Scientist)

Research on School-STEM Profession Collaboration

* Significant interactions between the STEM programme and gender on “Implications” and

“Positive images”. Effect sizes were medium

* STEM programme was significantly more pronounced among girls than boys

Construct

Interests

Implications

Positive
images

Stereotypes

Results of Mixed ANOVA

Source F np2

STEM programme 1.191 0.001

STEM programme

*Gender 2.515 0.017

STEM programme 1.105 0.008

iTEM programme 4.800* 0.033
Gender

STEM programme 0.166 0.001

iTEM programme 6.379* 0.043
Gender

STEM programme 0.824 0.006

iTEM programme 1957 0.009
Gender

Significant differences at p< .05 are in bold. *p < 0.05.

3.804

3.757]

3.704

3.657

3.60

3.557

3.50

Views on STEM Implications

Gender

— Boy
Cirl

3.7

367

3.5

3.4

Positive images of STEM professionals

Gender effect on the impacts of the STEM programme

(1 = Pre-survey, 2 = Post-survey)

46



Research on School-STEM Profession Collaboration

Findings — Students’ attitude
School C (Food Scientist)
e Students’ interests in STEM careers significantly increased after the STEM programme
* No significant gender effect on the impacts of the STEM programme

Estimated Marginal Means of MEASURE_1

Results of Mixed ANOVA
Construct Source 3 np2 i .
Interests STEM programme 6.130%* 0.065 .E 3.95
STEM programme *Gender 0.006 0.000 %
Implications STEM programme 1.691 0.020 =
STEM programme *Gender 0.043 0.001 % el
Positive images STEM programme 2.752 0.101 i
STEM programme *Gender 0.504 0.006 3927
Stereotypes STEM programme 0.011 0.000
STEM programme *Gender  0.025 0.000 - { :
Significant differences at p< .05 are in bold. *p < 0.05 the STEM programme

Impacts of the STEM programme on students’ interests in STEIZ/I7careers
(1 = pre-survey, 2 = post-survey)



More Research on STEM Education

Public Policy Research Funding Scheme 2018-19
Hong Kong students’ STEM aspirations

48



Various factors contributing to STEM Aspiration

mass and SOC| E
. : Sex-disaggregated
social media data for policymaking

legislation and :
pol societal and

icies SCHOOL cultural norms

Gender
equality policies . : gender equality
teachn'ng quallty'
tﬁ:\er—stpo('i\esnt and subject expertise
Equal pay i DR Inclusive
legislation s i social norms

interactions

STEM equipment,
materials and _L_.EMB.

resources

language and
spatial skills self-efficacy

psychological assessment
factors linked self-perception, stereotypes  interest, engagement, procedures
to assessments and STEMidentities = motivation and enjoyment and tools

UNESCO (2017). Cracking the code: Girls’and women's education in STEM

Croucher Foundation (2017). The Out-of-School STEM Ecosystem in Hong Kong.

49



Hopes or ambitions of pursuing education attainment or careers in STEM fields

Family habitus

Self-perception :
> > Parental beliefs &

Self-efficacy expectations

Capital

Parents’ education &

professions
Teaching quality and

STEM Aspiration

. Peers
expertise
Teacher-student
relations Societal and

Curriculum and
learning materials

Assessment

cultural norms
Gender equality
Media

* Opportunities e '
p p. . . AC h I eve rT] e nt ,IZther, L., & DeWitt, J. (2017), Understanding young people’s science aspirations : how students form ideas
* Participation * Progression

about “becoming a scientist. New York: Routledge

UNESCO. (2017). Cracking the code: Girls’ and women’s education in science, technology, engineering and
mathematics (STEM). Paris, UNESCO



Economic
Development
needs

Quantitative In-depth
survey ‘ Interview

5800 students from

3 key learning stages Parents

* Senior primary +
(age 10-11) Students

STEM
Aspiration

* Junior secondary
(age 13-14)

* Senior secondary
(age 15-16)

STEM
Education

51



Disciplines are closely intertwined in the real world

movement [Sins

E

Engineering
design of
blades

Calculation of
power and
kinetic energy [

R =resistance

52




From Learning to Aspirations

-

-

~

Subject disciplines of Science
and Mathematics in Schools

'io

\ 4

Textbook

lectures

Hands-on
connecting
learning

53



Notion of Integration in STEM

A conceptual framework for
@ scicnce Inquiry integrated STEM education

| Technology Literacy  Science inquiry and engineering design as

the basis

athematics Thinking
+A » Technological literacy and mathematical

\;i EEngineering Design thinking as the auxiliary
. * The integrity of the system is connected
uthentic by the authentic context

Context

Kelley & Knowles (2016) A conceptual framework for integrated STEM education.
International Journal of STEM Education, 3(11) 54
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