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APS Statement on the Position of PER

99.2 RESEARCH IN PHYSICS EDUCATION
(Adopted by the Council, 21 May 1999)

* |In recent years, physics education research has emerged as a topic of research
within physics departments.

This type of research is pursued in physics departments at several leading graduate and research institutions, it has
attracted funding from major governmental agencies, it is both objective and experimental, it is developing and has
developed publication and dissemination mechanisms, and Ph.D. students trained in the area are recruited to establish
new programs.

Physics education research can and should be subject to the same criteria for evaluation (papers published, grants, etc.)
as research in other fields of physics. The outcome of this research will improve the methodology of teaching and
teaching evaluation.

e The APS applauds and supports the acceptance in physics departments of
research in physics education.

Much of the work done in this field is very specific to the teaching of physics and deals with the unique needs and
demands of particular physics courses and the appropriate use of technology in those courses. The successful adaptation
of physics education research to improve the state of teaching in any physics department requires close contact between
the physics education researchers and the more traditional researchers who are also teachers. The APS recognizes that
the success and usefulness of physics education research is greatly enhanced by its presence in the physics department.
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Physics by Inquiry (Pbl)3 B R E #H 2=

Student-Centered Activities for Large Enroliment Undergraduate
Programs ( SCALE-UP) L4 A H O K RBEA B B R 2 1R
Voting Machine (Clicker) MethodZ&T-Voting machinesHJ MR E 5 /7 1E
Peer Instruction 5] fE 1 2#1: Research

Workshop Physics

Real Time Physics Students

Development

Instruction \_/

(McDermott, UW, 1990s)



Inquiry-based Teaching Strategy

Problem. D -
Statement - Sid Conclusions

Determine Gather as much Examine and Based on

whatistobe  information discuss the analysis

investigated about the topic  findings and determine

and formulate  from appropriate provide solutions

a question or  sources. explanations or related to the

hypothesis. clarity. original
problem

statement.
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« Qualitative
- Interviews, open ended questions, controlled
training and testing,
« Quantitative
- Standardized large scale assessment (theoretical
models and instruments)
« Basic Learning
— controlled conditioning/training and testing,
- technology
- Eye tracking,
- brain wave EEG (Electroencephalography),

« FMRI (Functional magnetic resonance
imaging).
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« Qualitative
- Interviews, open ended questions, controlled
training and testing,
« Quantitative
- Standardized large scale assessment (theoretical
models and instruments)
« Basic Learning
— controlled conditioning/training and testing,
- technology
- Eye tracking,
- brain wave EEG (Electroencephalography),

« FMRI (Functional magnetic resonance
imaging).



Typical Process in PER

Observations in education practice and assessment
Formation of hypothesis

Experiments to collect evidence

- Detailed investigations
(recorded interviews, open questionnaires, surveys, ...)

- Controlled Studies
(randomized treatment and control groups, pre-post testing)

Desighing/revising treatment

Implementations

Documentation of findings

Further cycles of research, development and implementation
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Assessment Results of PER Based Instruction

Hake 1998, 6000 students, 100+
schools.

Assessment tool:
Normalized Gain (g)
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Main Results

e Traditional Instruction is not
effective in helping students
develop correct understanding of
physics concepts.

<g>= |slope| = <Gain> { Max. Possible <Gain=>

Gain vs Pretest

HS COLL UNIV
Interactive Engagement O QO O

Traditional B @ &

40 G0 g0
% <Pretest>
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. NIFEWRCRE (Force Concept Inventory, FGCI)

TSI S (Force Concept Inventory, FCI) iBEFRZ NFCI
WK, HEEIHR RN L RKERIRDavid HestenseF i, FHT
19924 %R, T/EE1995#HAT 7B, HAIE & 19854F K RH /1%
Wil (The Mechanics Diagnostic Test, MDT) .

FCURER (19954ERR) HH30EEFEFMIEL, BT NRFEAER J15M
B 715N R R AR A B AR I L v 52 B (8] 9 1581304347
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REIIR (Pre-test) 40%-50% 30%-45%
WA (Post-test) 60% 50%
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(The Force and Motion Conceptual Evaluation, FMCE)

HRon Thornton#IRFIt, FHFAKFET 19984 . S5FCI WA FZ 4k
FETHR R WX T 440 2 M3 =S R BR, & H RAH R IEHE
B, NRIZARINE T ZEN T3 /12 R BREE, KAXFEHRRNAY
g R B Bk .

Z BRI, FCTHAAFMCENA R4 R AR mAIAH <, W& H K
= AT X0 T G B AR B A FMCER A B 15 F s — 2,

NIREEEHDERSERE BRI /], HestenesBIREFR T
T J1ZEALRN (Mechanics Baseline Test, MBT) . MBTHINAFR]/E At
ATFCIMHAZ J5 BIZE 2B WA

MBTH R 4 R E RAF R H IR RER, MEFEHTNHSHE
R IR SRR .
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(The Brief Electricity and Magnetism Assessment, BEMA)

B F MR (The Brief Electricity and Magnetism Assessment,
BEMA) Hdbt £ F R4 M L KEKRuth ChabayZ#Z fiBruce Sherwood#(#%
E%Tj‘(l‘% i TR FZAENE AN B SR EGE, G TA MRS E
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4. FMNFIJAFEBRMEFEFROMNECE

=]

A2 R

J1% Force Concept Inventory (FCI)
The Force and Motion Conceptual Evaluation (FMCE)
The Mechanics Diagnostic Test (MDT)
e Energy and Momentum Conceptual Survey
Energy Assessment
22 = The Brief Electricity and Magnetism Assessment (BEMA)
Conceptual Survey in Electricity and Magnetism(CSEM)
Determining and Interpreting Resistive Electric Circuits Concepts Test
The Electric Circuits Concept Evaluation (ECCE)
7y = Question on Heat and Temperature
W zh Wave Diagnostic Test ( University of Maryland)
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YIEHEHE (The Maryland Physics Expectations Survey, The MPEX) ,

(The Epistemological Beliefs Assessment for Physics Science, EBAPS) ,

B 11 2 KE BT HICLASS

» 8 HREDONG RS,

s BT TP RFFAE —EHENZEHTR, W5
HIREAT T IE, T CAZRAE ST XAt~
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Bl A HZ (Views About Sciences Survey, VASS)
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H)IRHALAIEE (The Maryland Physics
Expectations Survey, The MPEX)

o MPEXJUR F90EA R I B 22 M ST K2 HE. F. Redish#i%i%
i, AT EAEN TR R AR AR AR & .

- WAEIHERE, BENEEERE R, Fh%k, HX
TR RIS E. Mﬁ%%%ﬁmﬁ%Tiﬁ%%ﬁﬁﬁo

« XAFKMBEEEREA:
1. BLAEE (Strongly Disagree) ;
2. AFHEIE (Disagree) ;

3. A (Neutral) ;
4
5)

. F&E (Agree) ;
. B2FEE (Strongly Agree) .
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Student Expectations in University Physics:
The Maryland Physics Expectations Survey

Here are 34 statements which may or may not describe yvour beliefs about this course. You are asked to rate
each statement by circling a number between 1 and 5 where the numbers mean the following:

Il: Strongly Disagree

2: Disagree

3: Neutral

4: Agree

5: Strongly Agree

Answer the questions by circling the number that best expresses your feeling. Work quickly. Don't over-
elaborate the meaning of each statement. They are meant to be taken as straightforward and simple. If yvou
don't understand a statement, leave it blank. If vou understand. but have no strong opinion, circle 3. If an
item combines two statements and you disagree with either one, choose 1 or 2.

) |;~'L|1 I need to do to understand most of the basic ideas in this course 1s just read the {2945
e

xt. work most of the problems, and/or pay close attention in class.

11 learn from a derivation or proof of a formula 1s that the formula obtained is
2 . p - 12345
ralid and that it 15 OK to use it i problems.
3 |1 go over my class notes carefully to prepare for tests in this course. ‘ 123435
A "Problem solving" in physics basically means matching problems with facts or {2945
quations and then substituting values to get a number.
1 | . - |
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(The Maryland Physics Expectations Survey, The MPEX) #ikR K HA
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What is “Scientific Reasoning”?

Domain-general cognitive and meta-cognitive skills needed to conduct
open-ended scientific explorations such as the abilities to
systematically explore a problem, formulate and test hypotheses,
manipulate and isolate variables, and observe and evaluate the
conseguences.

Scientific Reasoning skill dimensions for assessment:

« Control of Variables » Probabilistic Reasoning

» Proportional Reasoning « Correlational Reasoning

« Deductive Reasoning « Causal Reasoning

* Inductive Reasoning « Categorization

* Abductive Reasoning « Combination
(Hypothesis Forming ) « Basic Logic

» Multi-representational Data Analysis * Inference

« Hypothesis-Evidence Evaluation * Analogy
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TSGR 17 AL
o« HT R4 B e 7 B .

» Lawson test,

> Tools for Scientific Thinking: Mathematical Modeling Conceptual

Evaluation,

> Tools for Scientific Thinking: Vector EvaluationZ

?1978:A&ﬁ|§1’3 H 5 % F ) &2000%

LH, Lawson testRHINAFEBI K2%¥KAnton E. Lawson#(#%

ST SR HIARES .
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BHER.
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BHCRRE S 8. RIBESRRE L ARBE SN2 0 AR BEN B
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SR 5] 43 A7 .
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1. Learning and Scientific Reasoning
lEDucatioNFORUM

Science, Vol. 323. no.
5914, pp. 586 — 587
(2009).

Nature Physics: Science
education: Lessons to be
learned, Vol.6, 6, 2010.

NPR Science Friday:
(Interview) Learning Facts

vs Learning to Reason.
1/30, 2009

PHYSICS

Learning and Scientific Reasoning

Lei Bao,"* Tianfan Cai,? Kathy Koenig,? Kai Fang,® Jing Han,' Jing Wang," Qing Liu,’
Lin Ding," Lili Cui,’ Ying Luo,® Yufeng Wang,2 Lieming Li,” Nianle Wu’

he development of general scien-
I tific abilities is critical to enable
students of science, technology,
engineering, and mathematics (STEM) to
successfully handle open-ended real-world
tasks in future careers (/—6). Teaching
goals in STEM education include fostering
content knowledge and developing general
scientific abilities. One such ability, scien-
tific reasoning ( 7-9), is related to cogni-
tive abilities such as critical thinking and
reasoning (/0—14). Scientific-reasoning
skills can be developed through training
and can be transferred (7, 13). Training in
scientific reasoning may also have a long-
term impact on student academic achieve-
ment ( 7). The STEM education community
considers that transferable general abilities
are at least as important for students to
learn as is the STEM content knowledge
(I—4). Parents consider science and mathe-
matics to be important in developing rea-
soning skills (15).

We therefore asked whether learning
STEM content knowledge does in fact have
an impact on the development of scientific-
reasoning ability. The scientific-reasoning
ability studied in this paper focuses on
domain-general reasoning skills such as the
abilities to systematically explore a prob-
lem, to formulate and test hypotheses, to
manipulate and isolate variables, and to
observe and evaluate the consequences.

learning has any impact on the development
of scientific-reasoning ability. Scientific
reasoning is not explicitly taught in schools
in either country.

In China, K—12 education is dominated
by the nationwide college admission exam
given at the end of grade 12. To comply with
the requirements of this exam, all Chinese

Comparisons of Chinese and U.S. students
show that content knowledge and reasoning
skills diverge.

understanding and problem-solving skills
are very different in the two countries.
Similar curriculum differences between the
United States and China are reflected in
other STEM areas such as chemistry, biol-
ogy, and mathematics (/6).

Chinese students go through rigorous
problem-solving instruction in all STEM

20% 15%
Mechanics Scientific Reasoning
@ @
& -*-USA 3 -+-USA
£ 15%1 g China = -=-China
g S 10%-
2
2 =3
= 10% =
2 2
=
§ Z 5%
E 5% E
0% 0%
0 5 10 15 20 25 30 [v] 5 10 15 20
Score Score
20% = =
- Electricity & Magnetism TEST SCORES (%)
> -a-USA
E 150, ' Test China USA Effect
i -~ China (n) (n) size
2 " FCl 85.9+13.9 493+193 198
g 10%- (523) (2681)
g
= BEMA 65.6+12.8 26.6 = 10.0 353
E- 5% (331) (650)
0% LCTSR 747+15.38 74.2+18.0 0.03
fa
0 5 10 15 20 25 30 G70) {1061}

Content knowledge and reasoning skills diverge. Comparisons of U.S. and Chinese freshmen college

students show differences on tests of physics content knowledge but not on tests of scientific reasoning.

Downloaded from www.sciencemag.org on February 2, 2009



First Year College Students’ FCI Results
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First Year College Students’ BEMA Results
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First Year College Students’ Lawson Results

Population Percentage

15%

10%

5%

-e-USA

Scientific Reasoning

===China

Populations Sites N, Mean SD

US (11+412) 11 402 154 3.9

CN(11+12) 39 1786 151 3.7

7 1061 17.8 4.3

US (U, 15t)

CN (U. 1%

S 369 179 3.8

Test Score for Scientific Reasoning (24 items)

5 10 15

20
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