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Teacher Education in Canada

PromoTING RESEARCH-BASED PHYsIcs TEACHER
EbucATiON IN CANADA: BuiLDING BRIDGES BETWEEN

THEORY AND PRACTICE
BY MARINA MILNER-BoLOTIN

ore than 25 years ago, Lee S. Shulman, then
president of the American Educational Re-
search Association ™, challenged us to re-think
how we prepare teachers through focussing on

Pedagogical Content Knowledge (PCK) - the knowledge of

content and content-specific pedagogies. Shulman pointed
out that in their attempt to incorporate generic educational
research, many Teacher Education Programs suffered from

tha ““miccina maradiam? arahlanm Thao naalantad tha natiiea

content-specific professional development, teacher educa-
tion programs should emphasize the development of
teacher-candidates” PCK.

Lastly, there is a significant gap between the findings of
Physics Education Research (PER) ™! and current physics
teaching practices. In the words of

Laureate, Prof. Carl Wien=

Puysics AND EDUCATION
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Theoretical Framework

Content Knowledge

Pedagogical Knowledge

Pedil? ical Content
Knowledge

Shulman, L.S., Technological Content
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Researcher,

1986. 15(2): p. Contexts

4-14. Koeler & Mishra, 2007



Research Objectives

Investigate the effect of Technology
Enhanced Pedagogy (TEP) on teacher-
candidates’ (TCs’) TPCK

Explore possible
mechanisms for
TEP In physics

methods courses

Engage TCs with
technology as
students and as
teachers




Focus on 2 Technology-

Enhanced Pedagogies

1. Peer Instruction (clickers)

2. PeerWise online platform for

- ia i
PeerWise*

EDCP357 (Winter 1, 2013}

design of conceptual =

questions (PeerWise) g



1. Peer Instruction (PI)

A ball travels through the circular track until point r, at which
point it leaves the channel to travel across a frictionless floor.

Assume a bird's eye view, and that all motion is in the
heorizontal plane.

: : (&)
Which path will the ball most closely A

follow after it exits the channel? Wa-, | om0
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Answers given by pre-service physics teachers



A clicker question 1s posed

l

Students work individually for about a minute to
figure out the answer that they submit using
clickers

}

Students’ responses are displayed to the class

without revealing the correct answer

l l

Many of the students answered Most of the students provided a correct

incorrectly. response. Correct answer revealed.

Students work in groups of 2-3
to discuss the question.

An instructor leads a summary discussion with the class: the reasons for correct answer
as well as the reasons for choosing the incorrect answers are elicited from the students.
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Peer Instruction Example

The work needed to stretch a spring 10 cm from equilibrium (from
X;=0mto x,=0.1 m) is 10 J. How much work needs to be done to
stretch the spring additional 10 cm (from x,=0.1 m to x;=0.2 m) ?

Equilibrium position
of spring

A_ 5 J - Force Applied
.J"" of spring _kx - force
|,I ——

B. 10 A
C. 20 y =0
D. 301 -
E. 40 2| r-n

<

o

Position



Peer Instruction 1n Action

. Pre-Discussion = Post-Disc. .
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Respondents: Physics Teacher-Candidates



Math & Science Teaching &
Learning through Technology

a place of mind

DEPARTMENT OF CURRICULUM AND PEDAGOGY

FACULTY OF EDUCATION

ABOUT RESEARCH ELEMENTARY SECONDARY ADDYOUR PRESENTATION HEWVS

MATHEMATICS

PHY3ICS
CHEMISTRY
BIOLOGY
HCRAE ABDUT ADMSSIONS CLRRENT STUDENTS  PROGRAMS  REST
Homs « Beacurces « CREATE Seminara 101343
CREATE
C R E A T E

* fEaoures

CREATE is a faculty-wide initiative established by Dr. Rita Irwin
Associate Dean of Teacher Education programs, to inspire innovations
in feacher aducation at LUBC.

* Prospecinee $hodke 1

¥ e Seminars are held in Neville Scarfe, Room 310 from 12:30 — 2:00 p.m

(uniess otherwise noted)

CREATE

Presentation about MSTLTT Project
On October 16th Dr. Manina Milner-Bolotin was invited to present a

seminar to faculty and students at UBC Teacher Education Program

Read More

VECTORS

KINEMATICS

DYNAMICS

MOMENTURM
WORK,ENERGY ,POVVER
THERMODYNARIC S
CIRCULAR MOTION
GRAVITATION

WAVE MOTION AND OPTICS

PARTICLE AND HUCLEAR
PHYSIC 5

EQUILIBRIUM

ELECTROSTATISTICS

Math & Science Teaching & Learning

through Technology

ision is to design, test, evaluate and disseminate
ality, research-based technology-supported
onal materials for mathematics and science K-12
oms through creating a community of science and
1atics educators, researchers and students

ATH & SCIENCE TEACHING & LEARNING
THROUGH TECHNOLOGY



http://scienceres-edcp-educ.sites.olt.ubc.ca/
http://scienceres-edcp-educ.sites.olt.ubc.ca/

Blocks and a Pulley

Two blocks are connected via a pulley. The blocks are initially at rest as
block m, is attached to a wall. If string A breaks, what will the accelerations

of the blocks be? (Assume friction is very small and strings don’t stretch)

A B A.a=0;a,=0
B.ay=0; 8 =0
C.a=0a=9
D.a=0;a =0

E. None of the above

Why are the assumptions above important?



Solution

Answer: E

Justification: None of the above answers is correct. Consider two
blocks as one system: one can see that the system has a mass of
(m;+m,), while the net force pulling the system down is m,g.
Therefore, applying Newton’s second law, one can see that the
acceleration of the system must be less than g:

q—_ Mg __m g<g
(m1+m2) (m1+m2)

Some people think that the acceleration will be g. They forget that
the system consists of two blocks (not just m;) and the only pulling
force is m,g. Thus the system is NOT in a free fall. Compare this
guestions to the previous one to see the difference.



2. PeerWise Online System

PeerWise®*

EDCP357 (Winter 1, 2013) Mo G i

Qeet ~a

Home | Main menu > Comments written by you

Comments written by you

Comments written by you, about questions you have answered, are shown below. What is PeerWizse?

Students use PeerWize to create and to explain
their understanding of course related azsessment

questions, and to answer and discuss guestions
New replies Most recent first Show agreements only Show disagreements only created by their peers.

Select an order:

Showing new replies only

No comments to view

http://peerwise.cs.auckland.ac.nz/



http://peerwise.cs.auckland.ac.nz/

PeerWise Question Design

| Home | Main menu > Your guestions > Question details

Question stats
This guestion has been answered by 5 people and has an average rating of 4 20 (based on 5 ratings)

The answer you suggested is the most popular answer

Alternatives

You sugsested B is the correct option

FIRST CONFIRMED
OPTION ALTERNATIVE ANSWERS ANSWERS
A velocity is zero and acceleration is zero i !
11 (20.00%) Io (0.00%)
B velocity is zero and acceleration is non-zero p— P
14 (80.00%) I3 (100.00%)
C velocity is non-zero and acceleration is non-zero i i
Io (0.00%) Io (0.00%)
D velocity is non-zero and acceleration is zero . .
Io (2.00%) lo (0.00%)
E The answer depends on the initial speed of the ball. i i
Io (0.00%) Io (0.00%)

Explanation

The following explanation has been provided relating to this question:

At its highest point the ball should stop (it has zero instanteneous velocity). However, its acceleration is non-zero. The earth is pulling the ball down equally hard along the
way, so its acceleration in its highest point is 9.8 m/s2, and it is directed downwards

Improve explanation




PeerWise Pedagogy

LUMAT 1(5), 2013 [Res. & Pract. in Math, Sci. & Techn. Ed., 2013. 1(5):

p. 525-544.]
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very physics instructor who ever used clicker-
Table 1

enhanced pedagogy knows that coming up with
~adagogically effective conceptual questions—

[Physics in Canada., 2014, 70(3): p. 149-150]




PeerWise and Pl Integration

e I A

EDCP357 (Winter 1, 2013)
| |

A ball travels through the circular track until point r, at which
point it leaves the channel to travel across a frictionless floor.

Assume a bird's eye view, and that all motion is in the {
horizontal plane.

) [ < 1

ir e T
Which path will the ball most closely 7 X Comments written by you
follow after it exits the channel? (I L, 2 _ _
2 o7 =D - Comments written by you, about questions you have answered, are shown below
o Fi--mw® .
* r

J A B C D E J Select an order:

New replies Most recent first Show agreements only Show disagreements only
— =~

Showing new replies only

Peer Instruction -
modeled in every class

PeerWise used to design, critique,

respond to Conceptual Questions as a
community of future teachers



Research Design

Secondary Physics Methods
Course
(+ 2-week short practicum)

8-13 students
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Quantitative Data 2013:

PeerWise

T T G
1 50 110 52
2 50 85 40
3 51 115 74
4 50 90 34
5 60 110 79
6 50 112 82
7 57 109 107
8 50 192 14
9 50 91 81
10 50 100 50



Preliminary Results:

Direct Impact on our TCs

Content Knowledge

Pedagogical Knowledge

Peda ical Content
Knnw?ggge

Technological Content

Knowledge Technological Pedagogical

Knowledge

Technolagical
Pedagogical Content
Knowledge

Technological Knowledge

Contexts
Koeler & Mishra, 2007



Direct Impact on our

Teacher-Candidates

Content Knowledge

Pedagogical Knowledge

Pedagogical Content
Kno“gggge

Technological Content

Knowledge Technological Pedagogical

Knowledge

Technological Knowledge

Contexts

“It really opens the door for umm discussions between
people. Um regarding a) you know, what is the right answer,
and b) how would you explain that to uh either teacher-
candidates or to your potential students.”

Pre-Interview 2, Participant 9



Direct Impact on our

Teacher-Candidates

“So, If you set it up In a dynamic
where... different types of
Conlen Knowedge  pecagogiol Knoviedge people have [different needs], so
If you need to talk to someone,
you still get that, If you need
s SllE€NCE, YOUu get to think on it on
your own, and then people aren't
il Conor so stressed... And they actually
get to argue and talk back and
forth and they’ll remember it
more. So for them, | think they’ll
master it more.”
Post-Interview 2, Participant 20

Pedagogical Content
Know?ggge

Technological Content
Knowledge

e

Technological Knowledge

Contexts



Broad Impact for Teacher

Education

Investigate the effect of TEP . |
on teacher-candidates’ Modeling impacts TCs

epistemologies PCK & epistemologies,
regardless of

successes/challenges in

course content

“I'm there as a teacher, (pause) but I'm also there as a student. Conversely,
they’re there as a student, but they’re also there as a teacher. That doesn’'t mean
they’re teaching necessarily, teaching me. They’re teaching each other... You're
always a student-teacher, regardless of whether or not, what your position says.
The-the moment you step out, and you meet someone, you now are both a
teacher and a learner.”

Post-Interview 1, Participant 15



Broad Impact for Teacher

Education

Explore a possible Pl and PeerWise work
mechanism for as a mechanism for TEP

_ pedagogy in small
TEP In teacher ed. methods classes

“Coming into the program, we were all sort of thought that we were
expected to be masters, and if the instructor puts up a clicker gquestion,
you think ‘Jeez, | don’t actually know the answer’ — immediately you think
well, we're all supposed to be masters, I'm probably the only one who
doesn’t know. But uh when the responses come in, you see other people
think like you, it's definitely reassuring.”

Pre-Interview 2, Participant 9



Quantitative Data Analysis

Collected:

— 500 + PeerWise questions

— 300 + comments by students on peer questions
— 500+ solutions by TCs

* In the process of:
— Question analysis using PCK-based rubric
— Comment analysis using PCK-based rubric

Preliminary results: significant change in the quality of
TCs’ questions, comments and explanations



Conclusions: Deliberate Pedagogical

Thinking with Technology

Technology opens unprecedented opportunities for
educators, but we have just scratched the surface.
We have to explore how to use it to promote
meaningful science education. Teacher education
both at K-12 and post-secondary levels should model
effective research-based uses of technology.

UN"i".d'l-nggﬂT X L
CENTRE FOR SCIENCE EDUCATION Danish Lea rnl ng W I . :
» Prefile ‘You are here: AU » About Aarhus University = Centre for Sclence Education = Research and ds \:. - .
| Technology Hub @ .,

Integrated support
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