October 17 2016

Professional Development
== Day for a Chinese PhyS|cs

TR ICD DEPARTMENT OF
W [-l’:’:__-fi & J’,’g = P cmculum&pedﬂgogy

Dr. Marina Milner-Bolotin

UBC Department of Curriculum and Pedagogy




Agenda for the Day

. 9:00 —9:15: Introductions

9:15 - 10:30: Canadian education and teacher ed.
10:30 — 10-45: break

10:45 — 12:15: Technology in M&S teacher ed.

. Lunch 12:30 -2 pm

2 pm —3:15 pm: A physics methods course

3:30: Exploring UBC campus/Museum visit
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5 pm: Pick up at the Faculty of Education lobby.



e Associate Professor in

Science Education, UBC, Canada
e Department of Curriculum & Pedagogy

e e-mail: marina.milner-bolotin@ubc.ca

e Web site: http://blogs.ubc.ca/mmilner/



mailto:marina.milner-bolotin@ubc.ca
http://blogs.ubc.ca/mmilner/

My Math & Science

Education Trajectory

lceland Sweden
F:
Norway
United
Kingdom [
' Al Poland
i Ge_rmanyr_ UL \ Kazakhstan '
France ’
Pt Soain Italy : ; -
e glc° North AXi i
; Atlantic : _ Afghanistan
Ocean - Irad ran .

| Algeria Libya Egypt F‘akls.tan

Mexico : Saudi Arala india

= =-| VYelocity Components [=]=
BE. 5 %______:____:__@____‘___:____:
o o o = : : D . :
are b o fEE ]%3-—:
- £ L : l :
1 B
R R _ 8 g fir
6 e s S T
= B T T T T T T T 1
0.39 X[m] 0.96 0.34 X[m] 1.01
(0,95, -1.60_ 0.00, -1.60) |[u_95, 0.16) ;
Warriint

V-scope =% _




UBC (University of British

Columbia)

UBC Facts:

e Public university
R+ Established: 1908

Bl © 2 campuses: Vancouver
& Kelowna

= + ~61,000 students
jl - Academic staff: 5334+
« Acceptance rate: 64%

 International ranking —
13,189 international students 34t (U.S. News and
from 139 countries! World Report 2016)
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Presenter
Presentation Notes
Work with teachers, teacher-candidates and students:
UBC teacher educator
Past president of BC Association of Physics Teachers
Co-Organizer of UBC Physics Olympics
Founder: UBC Family Math and Science Day



Getting to Know Each Other

What subjects do you teach?

1.

2.

3.

4

Mainly physics

Physics and mathematics

Physics and chemistry
. General science

. Other



Getting to Know Each Other

What is your favourite subject to teach?

1. Mathematics I-ClIC

2. Biology \ﬁ_}:
3. Chemistry

| o &
4. Physics and astronomy O .,d

5. Other science
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Canadian Education and
Teacher Education

20.6% of the total population of
.y Canada are immigrants! Toronto
4 transit offers information in > 70

E language.
~75% of Canada's population live within 150 km of the US border.


Presenter
Presentation Notes
Canadian Science Education landscape is as vast and diverse as the geographical landscape of the country. 
In order to appreciate the challenges science educators face in Canada we have to recall that while Canada's population is only 33 million, Canada is one of the largest (in terms of the area) and the most diverse countries in the world. According to 2008 World Factbook , the immigration rate to Canada in 2007 reached 0.585% (5.85 immigrants per 1,000 Canadians). This is one of the highest per capita immigration rates in the world (18th among all the countries and #1 among the developed countries). Immigrant population growth in Canada is concentrated in or near large cities (particularly Vancouver, Toronto, and Montreal), which requires local science educators (many of whom are immigrants as well) to adjust to teaching students who started their education elsewhere, for whom English is not their first language and whose prior backgrounds in science and mathematics are very diverse. 
In addition to that, Canada’s population is distributed very unevenly and sparsely across the country, with the especially high density near the US border (75% of Canada’s population live within 150 km or 90 miles of the US border in Ontario, Quebec and the West Coast) and extremely low density in the Northern and Central parts of the country. This again posts a serious challenge as the quality of science education in Canada is very uneven and strongly depends on the province a student comes from


Science Education in Canada
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Teacher Education in Canada

Bachelor Subject + B.Ed.




United States
of America



Presenter
Presentation Notes
Similarly to the Canadian geographical landscape, Canadian Science Education Research Groups are also very diverse. As you can see, their geographical locations reflect the population distribution of Canada – most of the science education groups are located near the US border: The University of British Columbia, The University of Calgary, The University of Toronto, Ryerson University, McGill University, etc. Another interesting observation regarding Canadian science education landscape is that not all of the provinces have science teachers' professional development organizations. For example, there is no Physics Teachers Association in Saskatchewan or Manitoba. This is also reflected in the number of professional development activities offered to the local physics teachers. On the other hand, the provinces of British Columbia, Alberta and Ontario have vibrant sections of the American Association of Physics Teachers and a large number of professional development activities. The vast size of Canada makes professional development and communication between science educators living in different provinces or even living within the same province very challenging. Once again, I strongly believe that modern technology will provide us with effective ways of addressing this challenge. 


PISA 2012 Results

Maths Reading Science
Shanghai-China {3k 570 580 g L

Singapore 573 2nd

Hong Kong-China §13!

Taiwan 4th
Korea 5th
Macau-China 6th
Japan 7th
Liechtenstein 8th
Switzerland 9th
Netherlands 10th
Estonia 11th
Finland 12th
Canada 13th

[OECD, PISA 2012 Results]



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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Agenda for the Day
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Clickers & Active Learning

Tips for Using a Peer Response System In a
Large Introductory Physics Class

Marina Milner-Bolotin, rhysics and Astronomy Department. Rutgers. The State University of New Jersey

2004, The Physics Teacher, 42(8), 47-48.

Piscataway. NJ 08854-8019; milnerm@physics.rutgers.edu

cac
I phy

lenge for

Clickers bevond the First Year Science Classroom

Marina Milner-Bolotin

2010, Journal of College Science Teaching,
40(2), 18-22.

Tetyana Antimirova

Anna Petrov

Abstract:

This case study’s primary objective is to describe the implementation of the ¢

response-system (clickers) in a small (N=25) s



Presenter
Presentation Notes
Since today we will focus on clicker-enhanced pedagogy, I would like to say a few words about Eric Mazur, a physics professor at Harvard University, who more than 25 years ago proposed Peer Instruction pedagogy that takes advantage of clickers. In Peer Instruction, a teacher uses clickers to facilitate formative assessment. Peer Instructions relies on class activities that address student conceptual difficulties as they grapple with science concepts. Enacting Peer Instruction pedagogy in a science classroom, as I am sure you agree with me, requires much greater Pedagogical Technological Content Knowledge (TPCK) and flexibility from the teacher, than a traditional teacher-centered instruction. Let me give you an example.



Peer Instruction Pedagogy

LUMAT 1(5), 2013

Modeling Active Engagement Pedagogy through Classroom
Response Systems in a Physics Teacher Education Course

Marina Milner-Bolotin
Department of Curriculum and Pedagogy, Faculty of Education, The University of British Columbia

marina.milner-bolotin@ubec.ca

Heather Fisher
Department of Curriculum and Pedagogy, Faculty of Education, The University of British Columbia

Alexandra MacDonald
Department of Curriculum and Pedagogy, Faculty of Education, The University of British Columbia

Abstract One of the most commonly explored technologies in Science

and Mathematics (STEM) education is Classroom Re

tructors generate in-class discussion by solisi*

[LUMAT: Research and Practice in Math, Science & Technology Education,
2013. 1(5): p. 525-544 ]


Presenter
Presentation Notes
We attempted to answer these questions in our recent paper titled Modeling Active Engagement Pedagogy though Classroom Response System in Physics Teacher Education Course, where Classroom Response Systems is an alternative name for clickers.


Technology for Peer

Instruction

=) Yy

s -

—_— USB Cable  Receiver Clickers used by the students
Software installed on the
teacher's computer connected to
a classroom projector

In near future smart phones, i-pads and other devices will
replace clickers, but the basic pedagogy will remain the
same...


Presenter
Presentation Notes
As a teacher, you can ask a conceptual question and the students can use clickers to choose an answer. You can see two different examples of conceptual questions. In both of them, we can see the students are being very confused. The immediate pedagogical questions that I see here are:

What do you, as a teacher, do in such a scenario in your classroom?
Are teachers’ equipped to be flexible and to address student difficulties instead of proceeding with the pre-planned lesson?
Where do you find conceptual questions that will help elicit student difficulties?


Peer Instruction Example 1

Find the magnitude of the
force a 60 kg person has to
pull the rope with in order to
pull himself upwards with a
constant speed.

A. 600N
B. 450N
C. 300N
D
E.

200 N
150 N



Peer Instruction 1n Action
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Respondents: Physics Teacher-Candidates



Peer Instruction Example 2

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 Example 3

A 0.2-kg pendulum bob is attached to a string 1.2 m long. The bob is released at the
point A as shown in the picture. The tension in the string as the bob passes its lowest
position is about (use g= 10 m/s2):

(A)DO0ON (B) .70 N (C)1.30N (D) 200N (E) 2.70N
A (A)
B. (B)
C. (C)
D. (D) | O
E. (E) B



Peer Instruction Example 4

You have a uniform metal plate with a
circular hole inside it. You heat it up by
200°C. As a result of heating, the hole will:

1. Increase /

2. Decrease
3. Remain the same



Math & Science Teaching &
Learning through Technology

a place of mind FACULTY OF EDUCATION Math & Science Teaching & Learning

DEPARTMENT OF CURRICULUM AND PEDAGOGY

HOME ABOUT

RESEARCH ELEMENTARY

SECONDARY

MATHEMATICS

ADD YOUR PRESENTATION

MNEVVS

through Technology

PHYSICS VECTORS
Teacher Educatio CHEMISTRY KINEMATICS ision is to design, test, evaluate and disseminate
ality, research-based technology-supported
BIOLOGY DYNAMICS onal materials for mathematics and science K-12
HOME  ABOUT  ADMSSIONS  CLRRENT STUDENTS  PROGRAMS | RESO . . .
MOMENTUM ams through creating a community of science and
Home « Reasurses « GREATE Semineca 201213 1atics educators, researchers and students
VIORK,ENERGY,POVER
CREATE
¢ R E A T E

* REdaoured

* Taculty and 52aff

CREATE

ATE is a faculty-wide initiative established by Dr. Rita Irwin

Associate Dean of Teacher Education programs, to inspire innovations
in teacher education at UBC.

Seminars are held in Neville Scarfe, Room 310 from 12:30 = 2:00 p.m
(untess ctherwise noted)

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

seminar to faculty and students at UBC Teacher Education Program

Read More

THERMODYHAMICS
CIRCULAR MOTION
GRAVITATION

VIAVE MOTION AND OPTICS

PARTICLE AND NUCLEAR
PHYSICS

EQUILIBRIUM

ELECTROSTATISTICS

ATH & SCIENCE TEACHING & LEARNING
THROUGH TECHNOLOGY

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



Presenter
Presentation Notes
This slides shows how our resource looks like. It is divided into primary and secondary, by subject area, and then by specific topics within each subject. These topics are determined largely by the British Columbia Ministry of Education and question sets in the database are developed to meet the Prescribed Learning Outcomes outlined in the Ministry documents. 

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

Technology-Enhanced

Science Education

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.

B
Which path will the ball most closely g
follow after it exits the channel?

-

(A)=- ] ,--=C)
: . -==(D)
we==-==(E)

(\li

=/,

PeerWise*
EDCP357 (Winter 1, 2013)

1 ]
View histogram screen shot v
r;ﬁ‘ Home | Main menu > Comments written by you

Comments written by you

Comments written by you, about questions you have answered, are shown below.

Select an order:

New replies Most recent first Show agreements only Show disagreements only

Showing new replies only
No comments to view

Return to main menn

Peer Instruction and PeerWise

Integration


Presenter
Presentation Notes
Why did we decide to integrate modeling Peer Instruction with using PeerWise for out-of-class teacher-candidates’ interactions? 

Modeling is a case of practicing what you preach. 
The idea behind modeling is help students learn through the observation of experts. 
For many teacher candidates, the Teacher Education program is the first opportunity to intentionally reflect on the pedagogies they have experienced as learners over the last 16 years or so. 

So we need to model good, research-based pedagogy for them, to ensure they have had a good experience with it 
However, if we are going to expect them to take this behaviour into their own classrooms, they need good resources/materials to use
This is the meat of what we wanted to explore in this project. 

As instructors we choose to model a variety of pedagogies. We are intentional in our choice of pedagogy. We also want teacher-candidates to understand why we are making certain choices, so they can make their own informed choices in their future classrooms.


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/



Presenter
Presentation Notes
The second major technological component in our research is a PeerWise online system. It is developed by our colleagues in New Zealand (Paul Denny, et al.) allows to take PI one step further. It allows teacher-candidate to collaborate online on creating education resources at the same time playing roles of students and teachers.

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

Let us Play a Game

You have a light bulb, a
battery and a wire. Draw all
possible way how you can
connect them to light up
the light bulb




How Students Learn

Unsuccessful Attempts at Lighting the Light Bulb

NERE

Attempt A Attempt C Attempt D Attempt

Unsuccessful attempts @l


Presenter
Presentation Notes
http://earthquake.usgs.gov/learn/topics/how_much_bigger.php
http://www.screenr.com/hEH


r"/ \
\ !
Unsuccessful attemps \J\j/


Presenter
Presentation Notes
http://earthquake.usgs.gov/learn/topics/how_much_bigger.php
http://www.screenr.com/hEH


What is PhET?

g Over 200 million simulations delivered %
' University of Colorado
Boulder

INTERACTIVE SIMULATIONS

Donate Today

INTERACTIVE SIMULATIONS

FOR SCIENCE AND MATH @ g
Play with @
Simulations :@ O

5o 5
5 H‘:J;‘;Es i Faraday's Law i ®

© On Line © Tips for Using PhET

PhET is supported by...

© What's New?

1 E

© Full Installation © Browse Activities © About PhET 1k

© One ata Time © Share your Activities © Research on PhET ( £ m”ﬁﬂ”
_ © Workshops © Contact Us — -

© Troubleshooting and our other sponsors,

O FAQs © Translate simulations © Donate including educators like you.

© Translate the website

FREE

FreEsSoOUrces

PhET Computer
simulations from
the University of
Colorado, Boulder

You can download
the simulations.
You can also use
Chinese!
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Presenter
Presentation Notes
https://phet.colorado.edu/en/for-teachers

https://phet.colorado.edu/en/for-teachers
https://phet.colorado.edu/en/for-teachers

Sensors in Physics Teaching

- m Celebrating
\ Search Vernier.com

: " Years
/Vernier 3

Products Subjects Experiments Training - Downloads Company

&

How many ways
you measure

the acceleration

due to gravity?

Our mission is to inspire scientific curiosity in students around the globe. We strive to
increase student learning and to support science educators by pioneering technologies
used to collect, analyze, and interpret scientific data.
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Reconsidering Assessment

Your friend analyzed a video clip of a basketball shot using a Logger Pro Video Analysis
feature. However she was not certain how to find the acceleration of free fall from his analysis

and turned to you for advice. What is the reasonable experimental value of the magnitude of

the acceleration of free fall your friend should report during the next class?

a) 5.037 my/s?

< Auto Fit for VidecAnalysis | Y

Y = AfM2+Bt+C

A -5.037 +/- 0.01330

B: 6.807 +/- 0.02298

C: 1.573 +/- 0.008719

RMSE: 0.01047 [

b) 6807 m/s? 3

¥ (m

...

mj

Linear Fit for: VideoAnalysis | X

X = mt+b

m (Slope): 3.132 +/- 0.004767 m/s

b (Y-Intercept): -0.8986 +/- 0.004622 m
Correlation: 1.000

RMSE: 0.01076

c) 0.823 m/s? S

d) 10.074 m/s?

_1_1 T T I T T T T I T T T T T
0.5 1.0 1.5 20 2.5
(2.487, -0.96) = Time (s) =

e) 10.10 m/s? 6 ' ' .

34
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S A Workshop: Feedback 1

How satisfied are you with the day?

>
15
(e



[ ] ®
bclic

S A Workshop: Feedback 2

Do you feel you have learned new
ideas for math and science teaching?

2016-10-17 36
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