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STEM Education: A Global Emphasis 
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• Trends in International Mathematics and 
Science Study (TIMSS)
(4th and 8th grade students) 
U.S. Ranking
– 24 (1995), ~12 (2003), ~11(2007) 

• Program for International Student Assessment 
(PISA) 
(15-year-old school children)
U.S. Ranking
– 15 (2000, Reading), 24 (2003, Math), 21 (2006, Science)

International Studies: Opportunities for New Research
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Level of Math Questions in Chinese University 
Entrance Test  

Math enthusiasts are being challenged to answer a sample 
question from Chinese university entrance tests.
The tests are set for prospective science undergraduates. 
The UK's Royal Society of Chemistry is offering a £500 prize to one 
lucky but bright person who answers the question below correctly. 

BBC
04/25/2007
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Physics Questions in Chinese University 
Entrance Test  (20~25 questions in 2 hrs)

Given ∆t1 ∆t2. Ask for ω=? 
Which way the head moves 
to?   ∆t3=?

Given N, q, m, Area, L, 
no collision (diluted).
Time to clean ?
Work done to particles?
When is KEparticle =Max?

Frame is made with 
resistance wire. 
Which situation gives 
largest |Vab|?

Give MA, MA, and mblock.
All surfaces are frictionless.
How high does the block 
rise on B?



• Different approaches that may bring new ideas and 
field tested experiences for our development.
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Learning from our collaborators
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The content requirements for the high school 
teacher education program 

The required courses in the physics department of Huazhong
Normal University are listed as following.

• Mandatory courses: 
– Advanced Mathematics A(1,2), Linear Algebra A, 
– Mechanics, Thermodynamics and molecular physics, Optical, Static 

Electricity and magnetism, Analytical mechanics, Methods of 
mathematical physics, Atomic Physics, Electrodynamics, Quantum 
Mechanics, Statistical physics, Analog Electronics; Physics Experiments 
Level 1, 2, 3. Analog Electronic Experiments. 
Credits for the above courses total to 65.

– 16-credits of professional education courses such as introductory 
education, psychology, teaching in physics, physics teaching skills, and 
modern educational technology.

• Elective courses: 24 credits including advanced physics 
courses, professional education courses, teaching practice, 
and graduation design.
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Science Teacher Education and Preparation 

Science Education Master Program in Physics



School 
Enrollments

1980 1985 2000 2003 2004 2005 2006 2007 2008
Grade1-6 163 137 135 121 116 112 110 106 103
Grade7-9 49 43 63 67 66 63 60 57 56
Grade10-12 17 24 32 36 40 43 45 46
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  Student Enrollments in China

1980 1985 1990 1995 2000 2003 2004 2005 2006 
Grade1-6 17.9 17.4 19.7 20.9 22.0 21.8 21.8 21.8 21.9 
Grade7-9 9.5 9.4 9.2 10.5 11.1 11.8 12.0 11.9 11.7 
Grade10-12 9.4 8.6 7.9 8.6 9.4 10.0 10.2 10.5 10.7 
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Students Enrollments in the US

In China in 2008, the gross 
enrollment ratios are 
99.5%, 98.5%, and 74% 
respectively in elementary, 
junior secondary, senior 
secondary schools.



Student to 
teacher ratio

2000 2003 2004 2005 2006 2007 2008
Grade1-6 22.8 21.0 20.5 19.8 19.5 18.8 18.4 
Grade7-9 19.1 19.3 18.8 17.9 17.3 16.5 16.1 
Grade10-12 15.6 18.4 19.2 19.6 19.8 19.9 19.5 

14.0 

16.0 

18.0 

20.0 

22.0 

24.0 

R
at

io

Student-Teacher Ratio in China

1985 1990 2000 2002 2003 2004 2005 2006
Grade1-6 17.0 15.6 15.8 15.5 15.5 15.0 14.9 14.6
Grade7-9 16.5 15.9 16.3 15.5 15.5 15.2 15.1 14.7
Grade10-12 16.2 15.8 14.1 15.6 15.6 16.0 16.0 15.7
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Student-Teacher Ratio in the U.S.



Percentage of 
teachers with 
required degrees.

Teachers' Degree Qualified,China

20.0%
40.0%
60.0%
80.0%

100.0%

Elementary 94.6% 96.9% 97.9% 98.6% 98.9% 99.3%

Junior Secondary 83.4% 87.0% 92.0% 95.2% 96.3% 97.8%

Regular Senior Secondary 63.5% 68.4% 75.7% 83.5% 86.5% 91.6%

Vocational Senior 37.4% 44.3% 59.4% 67.7% 71.9%

1998 2000 2003 2005 2006 2008
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Issues in STEM Education
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• Concerns in China 
– Too much content training 
– Lack of real world problem solving skills
– Loss of interests in learning among college students 

• Concerns in USA
– Behind expected performance level in science and 

mathematics
– “Fear” of science and mathematics

• Common goals in education “reform”
– Balance STEM content learning and ability developing
– Enable the new generation with the right set of knowledge, 

skills, and attitudes so that they not only become effective 
problem solvers but also good “problem creators”.

Currently both countries seem to be moving towards each other. 
The solution is probably in the midway.



Knowledge and Reasoning 
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• What people know
• What people can do

• Scientific Reasoning:
– Domain general skills 

• Example
Identify and control variables
– universally needed in 

all science disciplines 

Scientific Methods
• Observation 
• Research Question 
• Hypothesizing 
• Experimentation 
• Data Interpretation & Evaluation 



Assessment of Scientific Reasoning

• Ability Dimensions:
– Conservation of volume and mass
– Proportional reasoning 
– Probabilistic reasoning
– Control variables
– Correlation reasoning
– Hypothesis deductive reasoning and 

hypothesis testing/evaluation
• Test Format

– MC type
– Paired question and explanation
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The Lawson’s Scientific Reasoning Test
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• Main variables: 
K-12 training on science and mathematics
– Chinese Students (5~6 years of physics courses, 

mandatory, complex level)
– US Students (1~2 semesters' of physics, elective, 

basic level)
• Measures:

– FCI, BEMA* – STEM content
– Scientific Reasoning (24Q, MC)

* FCI – force concept inventory (mechanics, 30Q, MC)
BEMA – brief electronic and magnetism assessment 
(E&M, 31Q, MC)
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Does STEM content learning affect the 
development of scientific reasoning abilities?



The FCI and BEMA Tests
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First Year College Students’ FCI Results
 

0%

5%

10%

15%

20%

0 5 10 15 20 25 30

Po
pu

la
tio

n 
Pe

rc
en

ta
ge

FCI Score

China
USA

17



First Year College Students’ BEMA Results
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First Year College Students’ Lawson 
Results
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Test Score for Scientific Reasoning (24 items)

Scientific Reasoning
USA

China

Populations Sites NTotal Mean SD
US (11+12) 11 402 15.4 3.9
CN (11+12) 39 1786 15.1 3.7
US (U. 1st ) 7 1061 17.8 4.3
CN (U. 1st) 5 369 17.9 3.8



The Developmental Scale of Scientific 
Reasoning
Measure and obtain a developmental metric of 

Lawson’s test results for K-17 students. 

• Over 10,000 data points from China
• ~3,000 from US college students 
• ~2,500 from US K-12 students.
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Learning Evolution Index (LEI) Curve
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LEI Curve for “Control of Variables”
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LEI Curve for “Hypothetical-Deductive”
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LEI Curve for “Proportional Reasoning”
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LEI Curve for “Probabilistic Thinking”
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What methods are effective in developing 
Scientific Reasoning abilities?

Under current education settings the learning of content 
knowledge doesn’t seem to have an obvious effect on the 
development of general scientific reasoning abilities. 

• Regular intro courses has no effect (effect size~0.1).
• Inquiry-based courses changes Lawson pre-post 

(effect size=0.4~1). 
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Course A Course B
N Mean SD N Mean SD

Pre-Test 205 60.5% 19.3% 58 58.1% 17.3%
Post-Test 197 61.5% 19.9% 58 66.1% 16.0%
Pre-Post Difference 1.0% 8.0%
Pre-Post Effect Size 0.05 0.47

It is not what we teach but how we teach that matters!



Current Research

• Develop a valid and easy-to-use assessment tool 
(a test bank of 300+ questions). 

• Develop curriculum.
• Evaluate the effectiveness of several education 

programs. 
• Develop a large scale national and international 

quantitative assessment database.  
• Develop a community of users and researchers.

(NIH STEM Edu)
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Eye-tracking Measurement 

28

  



Virtual Experiment for Inquiry Learning
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• About 12 Universities and 50 schools in China
• About 8 Universities and 30 schools in USA
• Additional Countries: Germany, India, Israel, 

Japan, South Africa, South Korean, Thailand  
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Sustained Development: community building



Journal: Research in Education 
Assessment and Learning
www.iperc.org/REAL 
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Community Building
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Community Building



IPERC and CAER Joint Summer Meeting
August 5-7, 2010 in Beijing China

Chinese Association of Education Research (CAER)
Chinese Physical Society (CPS)
International Commission on Physics Education (ICPE)
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Community Building
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