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Objective 
•  Multiple indicators by international assessments show 

that cognitive capability of  US students is behind to 
that of their Asian counterparts (e.g. PISA, TIMSS, 
Pearson’s index of cognitive skills and educational 
attainment, Lynn’s national IQ study…etc.) 

•  Shortcomings of rote learning, late boomer, poverty, 
and others arguments 

•  Why previous reforms didn’t work (e.g. Back to basics, 
No child left behind, New Standards)? 

•  What can the US learn from Asia? 
•  Examples of teaching math and science as a mode of 

logical reasoning      







•  Rote learning vs. problem solving?: These Asian 
countries/regions had the highest percentages of 
students reaching the Advanced International 
Benchmark for science. 

•  At Grade 4, Singapore and Taiwan had 36 and 19 
percent of their students, respectively, achieving at or 
above the benchmark.  

•  At Grade 8, Singapore and Taiwan had 32 and 25 
percent of their students, respectively, meeting at or 
exceeding the benchmark.  

•  The medians: 7 percent at Grade 4 and 3 percent at 
Grade 8. 



Pearson’s study 



Richard 
Lynn’s study 



Late boomers? OECD on adults 



OECD on US adults 

•  Thirty-six million American adults have 
low skills.  

•  In numeric and technological proficiency, 
young Americans ages 16 to 24 rank last. 

•  Learner’s proficiency peak at age 30 and 
then going down.  

•  Start out with bad education and low skills 
à persist throughout their entire lives.  



USSR is gone! 
•  Ravitch said, “The Soviet Union launched its 

Sputnik satellite in 1957. We did not respond by 
raising our test scores on international 
assessments… something is wrong with those 
international assessments, if our allegedly 
terrible public schools continue to produce the 
greatest workers, thinkers, leaders, and 
innovators that created the greatest economy in 
the world. The Soviet Union is gone, but we are 
still here!”  



•  Martin Caroy and Richard Rothstein (2013): Disadvantaged 
students are oversampled in the US. 

•  David Berliner: If we remove the US students from the lowest 
SES, the US students are the best in PISA. 

•  What if we do the same in other samples? 

Poverty argument 





Current reform 
•  NATIONAL ACADEMY OF SCIENCES  
•  NATIONAL ACADEMY OF ENGINEERING  
•  INSTITUTE OF MEDICINE  
•  NATIONAL RESEARCH COUNCIL 



Goals of the new framework 
•  by the end of 12th grade, all students have some 

appreciation of the beauty and wonder of science 
•  possess sufficient knowledge of science and 

engineering to engage in public discussions on related 
issues 

•  are careful consumers of scientific and technological 
information related to their everyday lives 

•  are able to continue to learn about science outside 
school; and have the skills to enter careers of their 
choice, including (but not limited to) careers in 
science, engineering, and technology. 



Numerous previous  
proposals and reforms 

•  1980s: Back to the basic 
•  American Association for the Advancement of 

Science (AAAS) (1993): Science for All Americans 
and Benchmarks for Science Literacy  

•  NRC (1996): National Science Education Standards 
•  No Child Left behind (2002) 
•  AAAS: Project 2061 
•  National Science Teachers Association (2009):  

Anchors project 
•  But does it help to write more reports?  



Shing-Tung Yau 邱成桐 

•  Chinese (Hong Kong) 
American Mathematician 

•  Versed in Chinese literature 
and history 

•  To be proficient in math and 
science, the learner must 
learn humanity 

•  Humanity gives us passion 
•  A scientist needs passion 



Passion 

•  To build passion the learner need to see the 
value. 

•  You won’t love a person or a subject matter 
if you don’t see it valuable. 

•  We can look outside math and science 
(literature, humanity) to build passion. 

•  But how about within math and science? 



Interviews in Asia 
•  By interviewing students, teachers, parents, and 

professors in several top-performing countries/
regions in TIMSS and PISA in June and July 
2014, the authors found that learners in these 
countries/regions, contrary to the popular 
belief, were not motivated by career prospects.  



US has the incentives 

•  The US has the world’s largest high tech 
economy that provides financial incentives 
for learning and science. 

•  The US also has the world’s strongest basic 
(theoretical) research infrastructure 
supported by NSF that provides the 
environment for studying subatomic 
particles, cosmology…etc.    



However… 

•  In 2003, of the 21.6 million scientists and 
engineers in the US, 16% (3,352,000) were 
immigrants (Kannankutty & Burrelli, 2007).  

•  In the same year, foreign-born doctorate 
holders represented approximately 50% of the 
workforce in engineering and computer 
science, and 37% and 43% of the workers in 
the physical sciences and mathematics, 
respectively (National Science Board, 2010).  



Graduate degrees 

•  National Science Foundation reported that 
in 2006 foreign students earned about 
36.2% of the doctoral degrees in the 
sciences and about 63.6% of the doctoral 
degrees in engineering. At the postdoctoral 
level, 56% in engineering are foreign 
doctorate holders, 50% in mathematics, and 
42% in physical sciences (Salzman & 
Lowell, 2008). 



National Foundation for 
American Policy: 2010 figures 



Nobel prizes 
•  Between 1950 and 2005, 27 of 

the 87 American Nobel Prize 
winners were born outside the 
US (Vilcek & Cronstein, 
2006).  

•  Counting from 1990, about 
half of the US Nobel laureates 
in the scientific and technical 
disciplines were foreign-born. 



Incentives are much weaker… 
•  Both Hong Kong and Macau are service-oriented 

economies, and therefore finding a job directly 
related to math and science is difficult.  

•  HK economic composition by sector (2008): 
– Manufacturing: 2.3% 
– Finance: 25% 
– Services: 34.7% 
– Others: 11.6% 



Incentives are much weaker… 
•  Although Taiwan has a flourishing high tech 

industry, engineer is by no means a high-paying 
job.  

•  The infrastructure of basic research in Taiwan is 
significantly weaker than that in the US and 
Europe  

•  There is no basic research at all in Hong Kong 
and Macau.  



In spite of, not because of 

•  In spite of the absence of a direct career 
path to the fields related to math and 
science, these societies treasure the intrinsic 
values of math and science.  

•  Many stakeholders express that learning 
math and science could enhance one’s 
logical reasoning, and this mode of 
reasoning can be well-applied to all other 
domains.  



What is behind science? 

•  Based on this finding the research team 
suggests that the value/logical system of 
math and science should be taught side by 
side with the factual contents.  

•  A new pedagogy is under development with 
the aim of guiding the learners to embrace 
the logics behind math and science as an all-
encompassing tool in life.  



Example 1:  
Logarithm transformation 

•  Many US high school students cannot see 
the purpose of learning abstract math that 
seems to be very remote from reality. 

•  After the exam, they hit a “delete” button.    



Logic behind transformation 

•  Scaling is human-made. This is not an 
inherent property of an object. 

•  The logic of log transformation is: 
transformation à rescaling à emergence of 
hidden patterns. 

•  This logic can be well applied to many other 
forms of problem-solving.  

•  You can unveil the hidden patterns of this 
world (passion)!      



Hidden pattern 

•  The distributions of publication of scientific 
studies and patents are skewed. A few 
countries (e.g. US, Japan) have the most. 

•  Log transformation can normalize them. 



Before and after transformation 

•  It makes more senses! 



Other transformations 

•  The logic of transformation can be well-
applied to other scenarios.  



Example 2: Matrix algebra and 
vector geometry   

•  “Why do we learn these?” 



Logic behind… 

•  When we conceptualize 
data as matrices and 
translate algebraic 
equations into vector 
graphs, we can find out 
relationships between 
objects and phenomena.  

•  This logic can be well-
applied to many scenarios.    



Distance Vector Protocol 

•  The Distance Vector 
Protocol is used for a 
network router to determine 
which path is the best way to 
transmit data.  

•  The router must know two 
things: Distance (how far is 
the destination from the 
source?) and Vector (To 
what direction should the 
data travel?) 



Computer graphics 
•  In vector-based graphics, the image is 

defined by the relationships among 
vectors instead of the composition of 
pixels.  

•  For example, to construct a shape, the 
software stores the information like 
"Start from point A, draw a straight 
line at 45 degrees, stop at 10 units, 
draw another line at 35 degrees..." In 
short, the scalars and vectors of 
vector-based graphics define the 
characteristics of an image. 

•  More efficient and sharper image!  



Expanding the logical reasoning 

•  Transformation and rescaling: don’t accept 
anything as the default, transformation 
(changing representation) can unveil hidden 
patterns of the problem under study. 

•  Translate data into matrices, convert 
matrices into vectors: examine relationships 
to see the “big picture” instead of looking at 
the detail.      



Question? 
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