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At its core, it's about aligning education
to the needs of the future economy
That’s always what educakion has been
about...preparing people for the world they
are i/

-James Brown, Executive Director of the
STEM Education Coalition



World Leaders

Vying for a piece of the
economie F;Le

m 2017 World Economies
1. United States—24.32%

($18 trillion)

2. China—14.84%
($11 trillion)

3. Japan—5.91%
($4.4 trillion)

* “The Asian bloc clearly has a
larger share than anywhere else,
representing just over a third
(33.84%) of global GDP.” (Gray,
2017)

Economies &
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Advancements

United States
of America

24.32%
Canada
Mexico South Africa 0.42%

Israel 0.4%
Hong Kong 0.42%
Malaysia 0.4%

Philippines 0.39%

Continents Rest of the World
_ Africa

Asia

Colombia 0.39%

_ Australia
fl:rr::imerica E The G IgbaGIDP
South America Conomy y
Rest of the World h net
Sources: World Develop t Indi s datab World Bank, 1 February 2017 ow

Image Source:


https://www.weforum.org/agenda/2017/03/worlds-biggest-economies-in-2017/

Economies &
Technological
Advancements

World Leaders

Vying for a piece of the
economLc F‘«e United States

. . of America
m Notable Asian Economies 24.32%

1. China—14.84%
(2018 Projection: Ranked 2n9)

Japan—5. 91% Canada
(2018 Projection: Ranked 31) Mexico \2-09% South Africa 0.42%
South Korea—1.86% ‘ e

(2018 Projection: Ranked 11t)

2
3
4. Taiwan—Not Listed
(2018 Projection: Ranked 239) orael 0.4%
5 Hong Kong 0.42%
6

Hong Kong—0.42%

Philippines 0.39%

(2018 Projection: Ranked 37t) Continents
. _ Africa Argentina 0.79%
SlngapOre—O.39% Asia ) Colombia 0.39%
(2018 Projection: Ranked 40) e The Global
o l::r':’ y merica e o a
Percentages: (Gray, 2017) - North America Economy by GDP
Rank: (List of countries, 2018) Rest of the World how net

Image Source:



https://www.weforum.org/agenda/2017/03/worlds-biggest-economies-in-2017/

Economies
Techino Lo u::ai,
Advamcemen&s

World Leaders

Vying for a piece of the
eConomLe Fi,e

1t Industrial Revolution The Four Industrial Revolutions
- Mid-18% to Mid-19t
Century
4™ Industrial Revolution
- 21stCentury
(Roy, 2018)

*Cyber Physical Systems

2nd Industrial Revolution

- Late 19th to Early 20
Century
3 Industrial Revolution

- Mid-20% to Late 20t
Century

Mechanization, Mass production,

(CPS) are integrations of ) Computer and Cyber Physical
computation, networking, and water power, steam  assembly line, .
physical processes. (Cyber- automation Systems

physical systems, 2018) power electricity

The 4 Industrial Revolutions (by Christoph Roser at AllAboutLean.com)

Image Source:


https://www.forbes.com/sites/bernardmarr/2016/04/05/why-everyone-must-get-ready-for-4th-industrial-revolution/

World Leaders

Vying for a piece of the

m Technological Advancements
1.

2.

eConomLE Pie

China: Alibaba, Tencent,
NetEase, Baidu

Japan: Sony, Toyota Motor,
Toshiba, Hitachi (significant
manufacturing/services),
Panasonic, Nissan Services-Based

South Korea: Samsung Industries
Electronics, Hyundai Motor.
KIA Motors, LG Electronics,
SK Hynix

Taiwan: Taiwan Manufacturing-
Semiconductor Manufacturing Based Industries
Company, Foxconn

Hong Kong: Advanced Card
Systems Holdings

Singapore: Razer

Agriculture-Based
Industries

Economies &
Technological
Advancements

Asiain Iv\du.shv: T ypes

Graphic Information Source: Asia Industry


http://www.economywatch.com/world-industries/asia-industry.html

“Economic &ri;um[pk s bled ko educakional
triumph, And in a world where business
has no geograpmﬁai or Poti&&at
boundaries, everyone everywhere is the
aom%ve&&mm”
=Dave Breitenstein, Audience/Mekrics
Av\ad.js&




World Leaders

Vying for a piece of the
economie F;E,e.

m Education Rankings (Specifically in Science
and Math According to 2015 PISA Scores)

1.  China (Represented by Beijing, Shanghai, Jiangsu,
and Guangdong): Ranked 10" in Science
and 6% in Math

2. Japan: Ranked 2" in Science and 5t in
Math

3. South Korea: Ranked 11t jin Science
and 7t in Math

4. Taiwan: Not Listed in Science and
Ranked 4t jn Math

5. Hong Kong: Ranked 9" in Science and
2nd in Math

6. Singapore: Ranked 15t in both Science
and Math

m US Comparison: Ranked 25 in Science and
40% in Math (Jackson & Kiersz, 2017)

*PISA: Program for International Student Assessment

2015 PISA AVERAGE SCORES

Math

Singapore NN 564
Hong Kong N 548
Macao IS 544
Taiwan NN 542
Japan NN 532
China* IS 531
Korea NN 524
Switzerland IS 521
Estonia IS 520
Canada NN 516
Netherlands I 512
Denmark IS 511
Finland NN 511
Slovenia IEEENNNNNNNNS 510
Belgium NN 507
Germany NN 506
Poland NN 504
Ireland MEEENNNEN 504
Norway NN 502
Austria IEEE———— 497
New Zealand MENENNNNNNNN 495
Viet Nam NN 495
Russia IS 494
Sweden WS 494
Australia I 494
France IS 493
United Kingdom IS 492
Czech Republic IEEGEG_——— 492
Portugal NN 492
OECD Average NI 490
Italy I 490
Iceland NN 488
Spain NN 486
Luxembourg I 486
Latvia IS 432
Malta I 479
Lithuania IS 478
Hungary IS 477
Slovak Republic IS 475
Israel MEENNNNNNNN 470
United States I 470
Croatia NN 464
Kazakhstan NN 460
Buenos Aires I 456
Greece NN 454
Malaysia NN 446
Romania IS 444
Bulgaria WS 441
Cyprus NN 437
United Arab Emirates IS 427
Chile NN 423
Turkey NS 420
Moldova NN 420
Uruguay NN 418
Montenegro NN 418
Trinidad and Tobago NS 417
Thailand IEEEEENEN 415
Albania FEENEENNN 413
Argentina NN 409
Mexico MENNNNNNEN 408
Georgia WS 404
Qatar NENENNNNEN 402
Costa Rica NS 400
Lebanon MENENNNEEN 396
Colombia NENENENEN 390
Peru NENENNNNN 387
Indonesia NENENNNNNN 386
Jordan NEEEENNNEN 330
Brazil NN 377
Macedonia I 371
Tunisia IS 367
Kosovo NN 362
Algeria NN 360
Dominican Republic NN 328

0 200 400 600

Reading
Singapore NN 535
Hong Kong IS 527
Canada NN 527
Finland M 526
Ireland NN 521
Estonia IS 519
Korea NN 517
Japan NN 516
Norway NN 513
New Zealand IS 509
Germany NN 509
Macao NN 509
Poland NN 506
Slovenia NN 505
Netherlands IS 503
Australia IS 503
Sweden NN 500
Denmark NN 500
France NN 499
Belgium I 499
Portugal NN 498
United Kingdom IS 498
Taiwan IS 497
United States NS 497
Spain NN 496
Russia IS 495
China* IS 494
OECD Average NS 493
Switzerland I 492
Latvia IS 488
Czech Republic IS 487
Croatia NN 487
Viet Nam NSNS 437
Austria NN 485
Italy I 485
Iceland NN 432
Luxembourg NN 481
Israel NN 479
Buenos Aires NN 475
Lithuania I 472
Hungary NS 470
Greece NN 467
Chile NN 459
Slovak Republic NN 453
Malta I 447
Cyprus NN 443
Uruguay NS 437
Romania NN 434
United Arab Emirates IS 434
Bulgaria NN 432
Malaysia NS 431
Turkey MENNNNNNNNN 428
Costa Rica NN 427
Trinidad and Tobago NN 427
Kazakhstan NN 427
Montenegro NN 427
Argentina NN 425
Colombia NN 425
Mexico MENNNNNNS 423
Moldova NN 416
Thailand NS 409
Jordan NN 408
Brazil IS 407
Albania NN 405
Qatar WS 402
Georgia NN 401
Peru NENENNNN 398
Indonesia NN 397
Tunisia IS 361
Dominican Republic NN 358
Macedonia NN 352
Algeria NENENNEN 350
Kosovo NN 347
Lebanon NENNNNNNN 347

0 200 400 600

SOURCE: OECD. *China is represented by the provinces of Beijing, Shanghai, Jiangsu, and Guangdon

Science
Singapore NN 556
Japan N 538
Estonia MENNNNNNN 534
Chinese Taipei NN 532
Finland WS 531
Macao W 529
Canada WENNENNEN 528
Viet Nam NN 525
Hong Kong NEEENEN 523
China* WENEEEEN 518
Korea MENNNNEN 516
New Zealand WENNENEN 513
Slovenia MENNNNEN 513
Australia NSNS 510
United Kingdom SN 509
Germany NN 509
Netherlands NN 509
Switzerland WIS 506
Ireland MENENNNNN 503
Belgium MENEEN 502
Denmark NENNNNNN 502
Poland MENEEEEN 501
Portugal NN 501
Norway WS 498
United States NN 496
Austria IS 495
France WENNNNEN 495
Sweden NENNN 493
OECD Average WENNNNN 493
Czech Republic NN 493
Spain WS 493
Latvia WS 490
Russia WENNNNEN 487
Luxembourg ENENEEN 483
Italy WENNNNN 481
Hungary W 477
Lithuania WIS 475
Croatia NN 475
Buenos Aires NN 475
Iceland MENNENEN 473
Israel NN 467
Malta WENENNEN 465
Slovak Republic NN 461
Kazakhstan NN 456
Greece NN 455
Chile WENNNNN 447
Bulgaria W 446
Malaysia WS 443
United Arab Emirates NN 437
Uruguay WEEEEEN 435
Romania NN 435
Cyprus NN 433
Argentina NN 432
Moldova NN 428
Albania NN 427
Turkey WENNNN 425
Trinidad and Tobago NN 425
Thailand WS 421
CostaRica NN 420
Qatar NEENN 418
Colombia NN 416
Mexico WENNEN 416
Montenegro I 411
Georgia WENEEN 411
Jordan NENENEN 409
Indonesia MENNENN 403
Brazil WENNEN 401
Peru NENNEN 397
Lebanon WENEEEN 386
Tunisia WENEEN 386
Macedonia WENENN 384
Kosovo NENEEN 378
Algeria WENEEN 376

Dominican Republic WSS 332

0 500 1000

BUSINESS INSIDE!

Educakion
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m Education Rankmgs (Specifically in Science and Mafh accordlng
to the Trends in International Mathematics and Science Study
2015)

- Among the Highest Achieving Countries in 4 and 8" Grade
Mathematics

m Singapore, Korea, Hong Kong SAR, Chinese Taipei (Taiwan), and
Japan

- Among the Highest Achieving Countries in 4t Grade Science
m Singapore, Korea, and Japan

- Among the Highest Achieving Countries in 8 Grade Science

m Singapore, Japan, Chinese Taipei (Taiwan), and Korea (TIMSS 2015,
2018)

World Leaders

Vying for a piece of the
economic pie




Vying for a piece of the economic pie

m Cultural View

Eask Asia

“The difference between Asian and American education systems is cultural.” (Breitenstein,
2013)

Education seen as the only pathway to success throughout much of Asia (Breitenstein, 2013)
Fueling Asia’s Academic Ascension:

m Parental demands

m Fear of failure

m Competition
m Pride (Breintenstein, 2013)

“In dozens of interviews at nine Asian schools and universities, college officials, faculty,
principals and parents repeated the same terms when describing the typical Asian student:
committed, diligent, competitive, passionate, focused and ambitious.” (Breitenstein, 2013)

"Parents, students, teachers, and policy makers share a highly positive but rigorously
instrumentalist view of the value of education at the individual level.” (Hogan, 2014)

“Two traits pervade the culture and are taught by both parents and teachers: effort and
persistence.” (ERN, 2004)

Confucian priority of advancement through exams (Lowry, 2018)



I g.ast Asia |
\fji,vxg for a plece of the economic ple _ | =
m Cram Schools @J
- Japan Juku (&2 or 2
- Korea Hagwon ( &/ 2257
- Taiwan Buxiban (#5 & HF or #>/#HF)
- Hong Kong Tutorial school (# &' 9f or #&'#1) (Cram school, 2017)

— Specialized schools that train their students to meet particular goals,
most commonly to pass the entrance examinations of high schools or
universities (Cram school, 2017)

- High attendance rate despite financial burden ranging from $90-$450 a
month (Takiguchi, 2015)

— History of civil service exams in China leading to tutors (Ripley, 2011)

- Frequency ranges from 2-5 times per week for multiple hours (Takiguchi,
2015)



http://venuechurch.com/sermon-series/elephant-in-the-room/
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Vying for a piece of the economic pie -
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Image Source: , 2018

m Teacher Education Levels

— High level of parallel majors in Singapore (Ex: An elementary science teacher majoring
in both education and chemistry, biology, or physics) (Lowry, 2018)

- 2%@% the top 25% of college students enter the education field” in Singapore. (Lowry,
)

- Primary grades: Singapore—"highly qualified mathematics teachers whose pedagogy
centers on teaching to mastery” vs U.S.—"too many U.S. teachers lack sound
mathematics preparation” (Ginsburg, Leinwand, Anstrom, & Pollock, 2005)

- Low level (almost none) of out-of-field teaching in Japan at the secondary level for Math
and Science compared to the U.S. (U.S. out-of-field: Math—32%, Science—29%)
(Ingersoll, 2007)

- Low level of out-of-field teaching in Korea at the secondary level for Math compared to
the U.S. (Ingersoll, 2007)

- Study on elementary teachers in China and the U.S.: “...Chinese teachers had a more
profound understanding of the mathematics they were teaching. This deeper
understanding both of mathematics content and its application allowed Chinese
teachers to promote mathematical learning and inquiry more effectively than their
counterparts in the United States.” (National Research Council, 2000)



http://venuechurch.com/sermon-series/elephant-in-the-room/
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Educational Approach 1
Vying for a piece of the economic pie

m Pedagogical Practices

— Singapore (isa: Ranked 1 in both Math & Science)
m Mathematics

Classroom instruction highly-scripted and uniform across all levels and
subjects

Primary focus on coverage of curriculum, transmission of factual and
procedural knowledge, and preparing students for end-of-semester and
national high stakes examinations

Heavy reliance on textbooks, worksheets, worked examples, and lots of
drill and practice (Hogan, 2014)

m Science

Reluctance in using inquiry methods because assessment of inquiry
skills is not included on national tests

Desire among policy makers for teachers to develop inquiry teaching
methods but a hesitancy to execute the plan (Lowry, 2018)



Vying for a piece of the economic pie

m Pedagogical Practices Continued

- Japan (PISA: Ranked 5t in Math & 2" in Science )
m Mathematics
- Reforms during the 1970s and 1980s

m Science

Eask Asia

Shift from a traditional classroom that focuses on teachers’ instruction, to a student-centered
classroom that focuses on students’ engagement in mathematical activities (Gardner, 2016)

lrony: Japanese math is actually based on a method 15t advocated in the U.S. by the National
Council of Teachers of Mathematics in the 1980s but never fully adopted by classroom
teachers. (Gardner, 2016)

Hatsumon (question addressing a concept), structured problem solving
- “l, We, You” =2 “You, Y’all, We” (Green, in O’Donoghue, 2014)

Jugyokenkyu (lesson study)—Teachers are routinely observed in order to help hone their craft
(Green, in O’'Donoghue, 2014)

Japanese (more) vs U.S. (less) allocation of time spent explaining new concepts (Mathematics
teaching in japan, 2004)

- Science teaching in elementary schools depends mostly on observations and experiments

- Inquiry based teaching fades in secondary education and mostly disappears in upper secondary
education (Ogura, 2013)



i Es& Asij
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Vying for a piece of the economic pie

m Pedagogical Practices Continued

- China (PISA: Ranked 6™ in Math & 10t in Science)
m Mathematics

Photo by o]

- Mastery Model/Approach: based on the idea that all students can
succeed in learning mathematics when given proper instruction

m Western Teachers (describe a concept and then assign problems for students to
solve individually) vs East Asian Teachers (pose questions to students who are
then expected to precisely explain both solutions and underlying principles in
front of their classmates)

m Fewer concepts allows for greater depth (Qin, 2017)
m Science
— Curriculum Standards: emphasize inquiry as the core of science learning

- (2001) Learning By Doing Program: Hands-on Inquiry Based Learning and
Teaching (Wu, 2015)


https://unsplash.com/photos/vmm9t_Y9JhI?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/search/photos/china-school?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Vying for a piece of the economic pie

m Pedagogical Practices Continued =
— South Korea (risa: Ranked 7t in Math & 11t in Science) i vS—

m Mathematics
- Rote Learning: memorization based on repetition (South korean
teens, 2017)
m Science
- Teacher-centered and lecture-based teaching methods
- "Science is a subject that students learn as integrated with
mathematics.”
— Incorporate quantitative reasoning

- Specialized, highly gifted science schools present in each province
(Wichmanowski, 2015)


https://unsplash.com/photos/gKUC4TMhOiY?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/search/photos/science-class?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Vying for a piece of the economic pie

Figure 1 Figure 2

WORLD
ECONOMIC
FQRUM

i~ 21st-Century Skills

OF THE WORLD

Top 10 sKkills

in 2020 in 2015 Foundational Literacies Competencies Character Qualities
How students apply core skills How students approach How students approach

1. Complex Problem Solving 1. Complex Problem Solving to everyday tasks - complex challenges their changing environment

2. Critical Thinking 2. Coordinating with Others . i

3.  Creativity 3. People Management 1. Literacy 11. Curiosity

4. People Management 4.  Critical Thinking

5. Coordinating with Others 5. Negotiation Ay LN

6. Emotional Intelligence 6.  Quality Control : 4 12. Initiative

7. Judgment and Decision Making 7.  Service Orientation L

8. Service Orientation 8. Judgment and Decision Making 3. acggét;ﬂc 13. Persistence/

9. Negotiation 9.  Active Listening 1 grit

10.  Cognitive Flexibility 10.  Creativity 4. ICT literacy

14. Adaptability

5. Financial

literacy 15. Leadership

6. Cultural and
civic literacy

16. Social and cultural
awareness

Lifelong Learning

Note: ICT stands for information and communications technalogy.

Source: Future of Jobs Report, World Economic Forum

Image Source: World Economic Forum, New Vision for Education (2015)



https://www.weforum.org/agenda/2016/03/21st-century-skills-future-jobs-students/
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- Skeills
Future Skills Needed |@

Vying for a piece of the economic pie

m SkKills
— #1 Complex Problem Solving

- PISA results indicate that American students do not perform well
on problem-solving tasks in comparison to other participating
OECD countries the U.S. competes with economically. (Bybee,
2013, p.29)

- “Within STEM, teaching science as inquiry and engineering as
design seems a straightforward way to address the issue of
enhancing problem-solving abilities. Although there seems to be a
clear need for higher levels of achievement in basic science
concepts, developing the abilities of scientific inquiry and
engineering design would contribute to the preparation of a 215t
century workforce.” (Bybee, 2013, pp. 29-30)




215t Cem&urv
Skeills

Vying for a piece of the economic pie

m  Our globe needs citizens who understand and are ready to address STEM-related
challenges such as the following:

- Economic stability and the development of a 215t century workforce
- Economic efficiency and adequate responses for a carbon-constrained world

- Environmental quality and the need for evidence-based responses to global climate
change

— Resource use and the need to address continuing conflicts over limited natural
resources

- Mitigation of natural hazards by preparing for severe weather, earthquakes and fires

- Health maintenance and the need to reduce the spread of preventable diseases

- Public understanding of the role of scientific advances and technological
innovations in health and human welfare (Bybee, 2013, pp.34-35)

m “The global challenges citizens face are clearly significant and will require more than
ed3ucation solutions, but STEM education must be part of any response” (Bybee, 2013,
p.39)




Educakional
Models/
Perspectives

) w7 A\

STEM Education

Vying for a piece of the economic pie

m What is STEM Education?

- Ambiguous definition among stakeholders and educational
entities

- “Atrue STEM education should increase students' understanding
of how things work and improve their use of technologies. STEM
education should also introduce more engineering during
precollege education. Engineering is directly involved in problem
solving and innovation, two themes with high priorities on every
nation's agenda. Given its economic importance to society,
students should learn about engineering and develop some of the
sélggsé )and abilities associated with the design process.” (Bybee,

Photo by



https://unsplash.com/photos/3GZi6OpSDcY?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/search/photos/engineering?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Educakional
Models/

STEM Ed“cation ?erspec&ives

Vying for a piece of the economic pie

Figure 1 Single-Discipline Reference
SCIENCE m Figure 1 Single-Discipline Reference:

- Asingle course

- Generally a Science or Math course

- Confusing due to the multiple disciplinary
STEM equals a science Analogy: Confusion of Oljlelj)tc':!tlons contrasted with the Slngle
dlbklpllnk t}le fores: ecosysteln dISCIpIIne reference (Bybee’ 2013, p- 74)
(or mathematics). for a tree

Figure 2 STEM as a Reference for Science and Math

Example: Many current discussions of STEM

Image Source: Bybee, 2013, p. 74

S M
P //—\,\
Separate disciplines Analogy: Silos
of science and O Q and
m Figure 2 STEM as a Reference for Science and Math: mathematics \ _’/‘ postholes
N

- Science and Math are separate disciplines (silos)

- Technology and Englneel’ln§ are simply empty space Example: Many policy discussions of STEM
links (postholes) (Bybee, 2013, p.75)

Image Source: Bybee, 2013, p. 75




Educakional
Models/

STEM Ed“cation ?erspec&ives

Vying for a piece of the economic pie

Figure 3 Separate Science Disciplines That Incorporate Other Disciplines
m Figure 3 Separate Science Disciplines That

SCIENCE Incorporate Other Disciplines:

- Representation of the first step toward
an integration

- Science or Math is still kept as the
dominant discipline (Bybee, 2013,

Separate science disciplines Analogy: Home with 75
that incorporate technology, separate rooms that are p.75)
engineering, or mathematics used as needed

as appropriate
Figure 4 Separate Disciplines
S T E M
Example: Some science courses == X
/- N ™
Image Source: Bybee, 2013, p. 75 Separate ( ) ( \ ﬁ Analogy:
disciplines ‘ —_— \ / / Silos

m Figure 4 Separate Disciplines: ~—~

- Each disc[pline (SIIO) has a pIaCe in the curriculum Example: A course that provides a general introduction to the STEM disciplines,
but equality may not be the case despite equal or four separate courses—one for each discipline

representation in the diagram (Bybee, 2013, p.76) | . I—
mage Source: Bybee, , P-




STEM Education

Vying for a piece of the economic pie

Figure 5 Science and Math Connected by Technology or Engineering

Educakional
Models/
?erspec&ives

m Figure 5 Science and Math Connected by Technology
Program : :
or Engineering Program:

S T/E M - Science and Math are stand-alone disciplines with
connections to another program that emphasizes
technology and/or engineering

Connection between < > A“ﬁ“l“g—‘f In a mall - Ex: Career and Technical Education (CTE) programs
science and math . anchor stores
made by technology and _/ are connected by - Student experience in work-based learning (Bybee,
engineering program other stores. 201 3’ pp. 76-77 )
Example: Project Lead the Way connects science and mathematics programs.
Image Source: Bybee, 2013, p. 77 Figure 6 Coordination Across Disciplines
S T E M
m Figure 6 Coordination Across Disciplines: Concepts, processes, Analogy: ,
Teachers work together to introduce concept i Coordistion o
- . ( PtS R T A CrORS . 'Ces amon
that are relevant and may be applied in other frookilinated agrwes i &
content areas boundaries to subcontractc
) o ) ) separate disciplines. building houses
- Reality = two of the four disciplines likely will
coordinate concepts and processes (Bybee, _ o
2013, p.77) Example: Graphing is introduced in math class when it will be needed

in an engineering course.

Image Source: Bybee, 2013, p. 77



STEM Education

Vying for a piece of the economic pie

Figure 7 Combining Two or Three Disciplines

Science and Technolog\
Combine two Q ™ (_/) Analogy:
(or three) Creating 2 new
disciplines to productiby
form a course. o / combining two
{(or three) old
products

Example: Create a new course on science and
technology, where both disciplines have equal emphasis.
Image Source: Bybee, 2013, p. 78

m Figure 8 Integrated Disciplines:

-  STEM becomes a central
emphasis of the education
experience (Bybee, 2013, p.78)

Integrated disciplines
through overlapping and
sequencing

Educakional
Models/
?erspec&ives

m Figure 7 Combining Two or Three
Disciplines:
- A form of integration that could

include multiple combinations
(Bybee, 2013, p.78)

Figure 8 Integrated Disciplines

Analogy:
An automobile
manufacturing plant

Example: Students study problems or conduct
investigations that overlap and preogress through
the disciplines.

Image Source: Bybee, 2013, p. 79



STEM Education

Vying for a piece of the economic pie
Figure 9 STEM as a Transdisciplinary Course or Program '

STEM

Analogy: Quartet of

Transdisciplinary
musicians

playing together

Example: A school could provide a capstone course
called Sustainable Society.

Image Source: Bybee, 2013, p. 79

Educakional
Models/
?erspe«c&ive.s

m Figure 9 STEM as a
Transdisciplinary Course or
Program:

The entire group of STEM
disciplines could be used to
understand major issues or

contemporary challenges
(Bybee, 2013, p.78)
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Vying for a piece of the economic pie

“The Buddha is believed to have asserted, ‘Do not dwell in the past, do
not dream of the future, concentrate the mind on the present moment.’
Both countries are longing to become the other: Singapore seeks to
Inject more creativity and innovation into its education system while the
US seeks to create a more rigorous standards based system that
guarantees rigor. | would remind readers that it is not an either/or
option and that a third way combines both. In the US, STEM educators
are beginning to explore the Next Generation Science Standards
(NGSS), a document that is charting a new course in teaching and
learning. This reform document can be the ‘third way’ that allows
elements of both systems to thrive under one umbrella.”

Michael Lowry— Former High School Director for the National Science Teachers Association
(NSTA), Presidential Awardee for Excellence in Science Teaching




Review &

DlLscussion

World Leaders: Economies and Technological Advancements
- East Asian countries are competing for a larger piece of the economic pie and are gaining ground
- The 4t Industrial Revolution is changing the landscape of skill sets needed by the future workforce

World Leaders: Education

- Several notable East Asian countries (China, Jagoan, South Korea, Taiwan, Hong Kong, and Singago_re) scored high on the
2015 PISA (assessed every 3 years) and the 2015 TIMSS (assessed every 4 years) in Math and Science

- The US ranked 25 in Science and 40t in Math on the 2015 PISA

Educational Approach: East Asia
- Cultural views place a high value on education
- Cram schools are heavily utilized
- Out-of-field teaching is low

- Pedagogical Practices: Variances in highly-scripted instruction, teacher and student-centered classrooms, inquiry-based
methods, rote learning, concept coverage amounts, structured problem-solving, and reflection strategies

Future Skills Needed: 215 Century Skills

- 1. Complex Problem Solving, 2. Critical Thinking, 3. Creativity, 4. People Management, 5. Coordinating with Others, 6.
Emotional Intelligence, 7. Judgment and Decision Making, 8. Service Orientation, 9. Negotiation, 10. Cognitive Flexibility

STEM Education
- Ambiguous definition
- Differing models/perspectives

US Educational Models of the Future
- Proposal of a “third way”



Review &

DlLscussion

m World Leaders: Economies and Technological Advancements

- Identify your local and state economic leaders. Is your school and/or school
capitalizing on partnerships with these identified leaders in order to establish a
pathway for students to acquire the needed 215t century skills these economic
leaders seek prior to students entering the workforce? If so, what do these
partnerships look like, and how can they be strengthened? If not, what
immediate steps can be taken to begin establishing sound partnerships?

- In what ways is the 4% Industrial Revolution shift changing the landscape of
production and services provided by the economic leaders you identified? How
do these changes affect the direction your local and state education system
takes to prepare students for the future workforce needed by these economic
leaders?

*Difficulty in answering these questions may indicate a need to seek out contacts within your school
district, at the state level, and within local and state economic leader circles who could assist in
answering these questions and provide directional guidance.




Review &
Discussion

m World Leaders: Education &

- The US ranked 25% in Science and 40" in Math on the 2015 PISA, far below
the aforementioned East Asian countries. Identify several reasons why you feel
this has occurred and discuss the possible implications for the US in terms of
scores and economics if it continues with its current approach to educating
students in Science and Math.

- Like reading, math is a gateway subject and a critical problem in the U.S. is
significantly improving elementary teacher competence in and affinity for
mathematics. How can STEM leaders at the school and district levels identify
and learn from high achieving, data-driven, elementary school mathematics
programs in public school districts, schools, (including charter, magnet, private,
and home school networks)? Since most public schools hire a majority of
teachers who live or were educated within a 100 mile radius of the locale of a
given school district, how can STEM leaders identify the colleges and
universities graduating aspiring elementary teachers with high Praxis math
scores and systematically recruit these high achievers for positions?




Review &
Discussion

n- ] t-

m Educational Approach: East Asia

— Cultural views place a high value on education in East Asian countries which
has, arguably, aided in high scores on the PISA as well as the TIMSS. What can
schools, districts, states, and entities at the national level do or promote to
increase the value of education, culturally, here in the US?

- What alternates to crams schools can US educators promote, and do these
have the potential to provide similar or enhanced learning experiences to
students in comparison to cram schools? (Ex: extended learning and after-
school programs offered)

— Consider the education levels and degrees of the teachers at your school and
within your district. Are significant numbers teaching out-of-field? Do educators
teaching Science and Math in your school and district have parallel majors in a
Science or Math?




Review &

DlLscussion

m Future Skills Needed: 215t Century Skills

- What specific skill sets do identified economic leaders in your area currently
require, and what skill sets do they project will be needed to fill their future
positions based on the changes brought forth by the 4t Industrial Revolution
shift?

- How is your school, district, and state addressing the need to provide
educational opportunities where students are able to develop 215t century

Skills identified in Future Skills Needed: Figure 1 and identified by your local
and state economic leaders?

- “Are 215t century skills different from traditional skills and abilities developed
by education in the STEM disciplines?” (Bybee, 2013, p. 40)

*Difficulty in answering these questions may indicate a need to seek out contacts within your school
district, at the state level, and within local and state economic leader circles who could assist in
answering these questions and provide directional guidance.




Review &
Discussion

n- ] t-
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m STEM Education: Educational Models/Perspectives @

- How is STEM education defined and approached at your school, in your school
district, and at the state level?

- Is STEM Education the single answer to equipping students with 215t century
Skill sets, or should there be an amalgamation of practices employed to reach
this goal? If the latter, what practices and resources would the amalgamation
include?

- Project-Based and Place-Based Learning are approaches often associated with
STEM education. Does your school, school district, and state promote the
employment of Project-Based and Place-Based Learning? If so, what 215t
century skills are your students developing through these approaches?

— Innovation has been proposed as a national issue. Assuming it is, what could
STEM education do to encourage innovation? (Bybee, 2013, p. 71)




Review &

DlLscussion

m US Educational Models of the Future: Educational Models/Perspectives

- Michael Lowry points to the Next Generation Science Standards (NGSS) and
proposes the possibility of them serving as the “third way”. After familiarizing
yourself with NGSS, how might these standards and approach to these standards
potentially prepare students to not only perform well on rigorous high-stakes tests
as their counterparts do in East Asian countries previously identified but to develop
the skill se,tps required of the future workforce that lead to more creativity and
innovation

— Is there a possible differing “third way” specific to your school, district, and/or
state? If so, what state-level and/or national-level resources are available to you,
your school, and your district for aid in devising and implementing a "third way”
catered to your student needs and with your power of place in mind? (Ex:

and the TN Department of Education’s
(state-level), (national-level))

- What steps has your school, district, and/or state taken to simultaneously address
student performance on high-stakes tests and the employment of educational
practices that allow students to develop 215t century skill sets?



https://www.tsin.org/
https://www.tn.gov/content/dam/tn/education/ccte/ccte_stem_strategic_plan.pdf
https://www.stemx.us/
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