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Reimagining technology-enhanced STEM teacher education for 21st century: From more technology to increased quality of teaching and learning
重新构想21世纪的技术增强STEM教师教育：从更多的技术到促进教学质量

Abstract: While technological innovations are sweeping our classrooms, many math and science educators have yet to figure out how to use them to transform how students learn these disciplines. A 2015 survey by the Bill & Melinda Gates Foundation has found that less than 40% of North American professors are interested in using innovative technologies and only 20% actually use them. In this talk I will share our research on the implementation, pedagogical effectiveness, and future of four kinds of modern technology-enhanced pedagogies powered by: (1) data collection and analysis tools, (2) classroom response systems and online collaborative question repositories, (3) computer simulations and math modeling software, (4) online classroom management systems and technologies supporting online education. I will bring examples from undergraduate physics courses, math and physics teacher education, and graduate courses for math and science teachers. I hope to convince you that while technology offers unlimited opportunities, we are yet to help educators to discover how to use these tools effectively. I argue that in order benefit fully from the modern technological innovations, we have to promote deliberate research-informed technology-enhanced pedagogical thinking of our educators. My research group has been trying to do that at the University of British Columbia. We are not there yet and we have a long way to go, but we have made significant progress. I am convinced the future of math and science education will depend on our ability and willingness to support math and science educators in implementing the results of educational research into practice. 
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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. 
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Discussion on the progress of developing discipline-
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To further learn and follow up the progress of developing discipline-based test tools, a discussion RSO et 2EeLS
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Prof. Yu Raised Many Interesting
Points

School will be reconstructed in the 215t century
with the aid of internet and technology...

Who will be leading the reconstruction?

How do we see the final product?

What is the role of technology in the process?
What will be teachers role?

How do we prepare teachers for the future?



If we teach today as we taught
yesterday, then we rob our students of
tomorrow.

John Dewey



My prediction:

In the school of the future, the
TEACHERS will play a different role. We
have to understand how to prepare
teachers to be the teachers of the
future.

Marina Milner-Bolotin



Educational Technologies (ET) in
STEM Teacher Education

e Why should we use ET?

e How can we use ET?

 What new opportunities does ET open?

e Why would STEM teachers adopt new ETs?
e How do we support them in this process?
e How will ETs encourage new pedagogies?
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What can we do today using technology that we could not do before?

Notice, that I am not asking if ET can promote learning, I am asking how it can do it? I am convinced it CAN – the key is to understand HOW. In the current presentation I will show you how I propose to do it using four examples from physics education. Emphasize here that you do not think of technology as entertainment – you think of technology as an aid in helping students UNDERSTAND CONCEPTS.


Philosophical Premises

We can’t predict what is coming, but we can
prepare teachers for it.

Teachers should experience the pedagogical
benefits of new technologies.

Teacher education should be informed by both
practice and research

DELIBERATE PEDAGOGICAL THINKING with
TECHNOLOGY should begin in teacher education.
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PHuysics AND EDUCATION

PromoTING RESEARCH-BASED PHYsics TEACHER
EpucATioN IN CANADA: BuiLDING BRIDGES BETWEEN
THEORY AND PRACTICE

BY MARINA MIiLNER-BoOLOTIN

ore than 25 years ago, Lee S. Shulman, then content-specific professional development, teacher educa-
president of the American Educational Re- tion programs should emphasize the development of

search Association ", challenged us to re-think teacher-candidates’ PCK.
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 “miicoina maradiam?? mrahlons Thao naalantad tha maties

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 Wiemw=

[M. Milner-Bolotin, "Promoting research-based physics teacher education in
Canada: Building bridges between theory and practice", Physics in Canada, 70,
99-101 (2014).] 12
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[Koehler, M. J., & Mishra, P. (2009). What is technological pedagogical content
knowledge? Contemporary Issues in Technology and Teacher Education, 9 (1), 60-70.]



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@ube.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, Technology, Engineering,
and Mathematics (STEM) education is Classroom Response Systems (clickers). Clickers help
instructors generate in-class discussion by soliciting student responses to multiple-choice conceptual

questions and sharing the distribution of these responses with the class. The potential benefits of

clicker-enhanced pedagogy include: increased student engagement, reduced anxiety, continuous

formative assessment, and enhanced conceptual understanding. Most studies, howeuax

the effects of clicker-enhanced instruction in large undergraduate

(e , Arning i g \C ary or -sec
pedagogy on learning in small secondary or post-secor

it of this study is a secondary

[M. Milner-Bolotin, H. Fisher, & A. MacDonald, "Modeling active engagement pedagogy
through classroom response systems in a physics teacher education course”, LUMAT:
Research and Practice in Math, Science and Technology Education, 1, 523-542 (2013).]



Promoting Deliberate Pedagogical
Thinking with Technology in STEM
Teacher Education
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1. Technology-Supported Peer
Collaboration

Question

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.

. . (8)
Which path will the ball most closely )
follow after it exits the channel? Wae, 1 -7 {E]
E - -==(D)
- == =(E)

S

PeerWise*
EDCP357 (Winter 1, 2013)

‘ Home | Main menu > Comments written by you

Comments written by you

2 Comments written by you, about questions you have answered, are shown below.
|
A B C D E 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
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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.



.

Technology is There — Pedagogy is
Often Missing

F oy £EE

RF

—_— 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?


PeerWise — Freely Available

a |
4,

PeerWis

- —

EDCP357 (Winter 1, 2013)

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/
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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/

Physics Teacher Education Example

Find the magnitude of the force a person has to pull
the rope with in order to pull himself upwards with a
constant speed. He and the platform “weigh” 60 kg.

600 N
450 N
300 N
200 N
150 N

m o O ® >




Peer Instruction in Action

Pre-Discussion = Post-Disc.
PoII | Poll
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2004, The Physics Teacher, 42(8), 47-48.
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
Piscataway. NJ 08854-8019; milnerm@physics.rutgers.edu

I eaching a large introductory To do so, an instructor poses the lec-  about the effective use of the PRS in
physics course can be a chal- ture by asking multi pW
lenge for a vonne nhveics instructar tfinne  The sendents di
_cnge for 3

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.
‘e ot This case study’s primary objective is to describe the implementation of the
i response-system (clickers) in a small (N=25
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From the paper: The Role of Representation in Teaching and Learning Critical Thinking 

Definition of representations: A representation is a structure that stands for something else: a word for an object,
a sentence for a state-of-affairs, a diagram for an arrangement of things, a picture
for a scene. 

Thus, a good representation system captures exactly the features of a problem (p.58/2)
that are important rather than representing everything. (p.60/4)

Being able to think about why a representation may or may not be good in a particular context is a big part of being a critical thinker. If a student can realise that the problem they are working on is best represented in a particular way, it can help
them identify the most important aspects of a situation and analyse what should be done next. If they know what the ‘accepted’ transformations of a problem type are, then they can begin to think at a higher level about why those are the ones that are
used and why, perhaps, it might be interesting to try a different representation. They can begin to understand why problems are the way they are (p.62/6).

This is not due to a lack of exposure to the representations, but rather an inability to link the different forms of
representation to the underlying common concept of number (Grif. n & Case, 1997). A failure to develop this foundational understanding can lead to serious lags in learning mathematics throughout formal school years (Griffin et al., 1994). Problems
of representational � fluency are apparent in older students as well. University students who can readily translate between and manipulate representations score higher on measures of reasoning ability than those students whose skilled use of representations is more limited (Stenning et al., 1995). Monaghan et al. (1999) found also that higher scores on problem solving tasks were related to ability to use representations more � flexibly. (p.62/6).

However, we want to emphasise that social sciences, arts, languages, natural sciences, and humanities all use various forms of representation, some quite general and some very specialised. Some of these are evidence diagrams, concept maps, v-diagrams, timelines, grammar notations, and dance notations (Novak, 1998; Peterson, 1996). The same costs and benefits for communication and problem-solving apply to all of these as well. (p.63/7).


PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 12, 020128 (2016)

Investigating the effect of question-driven pedagogy on the development
of physics teacher candidates’ pedagogical content knowledge

Marina Milner-Bolotin, Davor Egersdorfer, and Murugan Vinayagam

Department of Curriculum and Pedagogy, Faculty of Education, The University of British Columbia,
2329 West Mall, Vancouver, British Columbia V6T 174, Canada
(Received 29 April 2016; published 7 September 2016)

This paper describes the second year of a multi-year study on the implementation of Peer Instruction and
PeerWise-inspired pedagogies in a physics methods course in a teacher education program at a large
research university in Western Canada. In the first year of this study, Peer Instruction was implemented
consistently in the physics methods course and teacher candidates were asked to submit five conceptual
multiple-choice questions as a final assignment. In the second year of the study we incorporated PeerWise
online tool to facilitate teacher candidates’ design of conceptual questions by allowing them to provide and
receive feedback from their peers, and consequently improve their questions. We have found that as a result
of this collaboration teacher candidates improved their pedagogical content knowledge as measured by the
rubric developed for the study.

DOI: 10.1103/PhysRevPhysEducRes.12.020128

I. INTRODUCTION: ADDRESSING often question driven, it is not surprising that a key element
THE CHALLENGES OF PHYSICS of PCK is teacher’s ability to ask questions that elicit
TEACHER EDUCATION student conceptual difficulties and promote meaningful
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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/

2. Live Data Collection & Analysis

2007, Journal of College Science Teaching, 36(4), 45-49.

Can Students Learn from Lecture
DemonStratiOHS? The Role and Place of Interactive

Lecture Experiments in Large

Introductory Science Courses

By Marina Milner-Bolotin, Andrzej
e —

_ ] 2008, The Physics Teacher, 46(8), 494-500. _

Physics Exam Problems

Reconsidered: Using Logger Pro to
Evaluate Student Understanding of Physics

Marina M”ner‘BOIOtin, Ryerson University, Toronto, ON

Ra Chel MOII, The University of British Columbia, Vancouver, BC
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From the paper: The Role of Representation in Teaching and Learning Critical Thinking 

Definition of representations: A representation is a structure that stands for something else: a word for an object,
a sentence for a state-of-affairs, a diagram for an arrangement of things, a picture
for a scene. 

Thus, a good representation system captures exactly the features of a problem (p.58/2)
that are important rather than representing everything. (p.60/4)

Being able to think about why a representation may or may not be good in a particular context is a big part of being a critical thinker. If a student can realise that the problem they are working on is best represented in a particular way, it can help
them identify the most important aspects of a situation and analyse what should be done next. If they know what the ‘accepted’ transformations of a problem type are, then they can begin to think at a higher level about why those are the ones that are
used and why, perhaps, it might be interesting to try a different representation. They can begin to understand why problems are the way they are (p.62/6).

This is not due to a lack of exposure to the representations, but rather an inability to link the different forms of
representation to the underlying common concept of number (Grif. n & Case, 1997). A failure to develop this foundational understanding can lead to serious lags in learning mathematics throughout formal school years (Griffin et al., 1994). Problems
of representational � fluency are apparent in older students as well. University students who can readily translate between and manipulate representations score higher on measures of reasoning ability than those students whose skilled use of representations is more limited (Stenning et al., 1995). Monaghan et al. (1999) found also that higher scores on problem solving tasks were related to ability to use representations more � flexibly. (p.62/6).

However, we want to emphasise that social sciences, arts, languages, natural sciences, and humanities all use various forms of representation, some quite general and some very specialised. Some of these are evidence diagrams, concept maps, v-diagrams, timelines, grammar notations, and dance notations (Novak, 1998; Peterson, 1996). The same costs and benefits for communication and problem-solving apply to all of these as well. (p.63/7).


Real Life HW & Exam Problems

Thinking like a scientist O
means being able to o ot
analyze real life situation

using real data.

Computer  —
Apparent weight of a jar of water in a moving elevator connected to LP
170 — Force plate

A water jar was placed on a
force plate inside a moving
elevator: weight and apparent
weight problem

160

Force (M)

150

140 T I i | T
0 20 40 60
{3.27. 155.00) Time () 25




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

Reconsidering Assessment

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

a)

b)

5.037 m/s?

6.807 m/s?

9.823 m/s?

10.074 m/s?

10.10 m/s?

October 29, 2016

O—D

A lm) =

< Auto Fit for VidecAnalysis | Y

Y = Atr2+Bt+C

AL -5.037 +/- 0.01330
B: 6.807 +/- 0.02298
C: 1.573 +/- 0.008719
RMSE: 0.01047

Y (m)

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

(2.487, -0.96)
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3. Computer Simulations

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

INTERACTIVE SIMULATIONS

Donate Today

INTERACTIVE SIMULATIONS
FOR SCIENCE AND MATH

Play with
Simulations

A
\V

QVO0QO®D

: < |3
4 TheTech '
S Awards I Faraday's Law i

+ How to Run Simulations » About PhET is supported by...

© On Line © Tips for Using PhET © What's New? f

© Full Installation © Browse Activities © About PhET ] '

© One ata Time © Share your Activities 0 Research on PhET L A”ﬁ'r”
_ © Workshops © Contact Us —

© Troubleshooting and our other sponsors,

O FAQs © Translate simulations 0 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
them in Chinese!
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https://phet.colorado.edu/en/for-teachers

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

Developing STEM Intuition

Simulations can help develop intuition about physical
phenomena via testing experimentally different scenarios
which or cannot be tested in the lab — WHAT IF...? (Think
critical thinking). However, for this to take place the teacher

must be creative in designing meaningful assignments.

| ) 4/ s We can place the
_ L - =
T =27 g g /m = pendulum on the Moon,
E Earth, Jupiter or even
=% = Planet X...
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The way we teach today we do not achieve these goals for the majority of the students. – Traditional lecture demonstrations


4. CLAS — Collaboration on Improving
Teaching Skills

Instructions for this course upload & manage videos

 Upload &
manage
videos
e Annotate
s them
« Collaborate
weweeee o Share
Learn from
——— b each other
Fitor - mino / B} | | o |mprove

Caitlin - Terminal Velocity 2

Carttln Terminal Veiccity 1

® Followalong with video @ Highiight tagged posts
General comments to the whole video Add general comment

There is no comment for this video yet

FREE

FreEsources
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Why CLAS: Collaborative Learning
Annotation System?

CLAS - Collaborative Learning Annotation System

n‘m‘s About CLAS v |deas & Strategies  Help & Support ¥  Workshops Quick Guide Best Practices FAQ : SIG ,u:l_,_i;‘,:‘ .

Home / Marina Milner-Bolotin in Cumiculum and Pedagogy uses CLAS for mini-teaching by Teacher-Candidates

Marina Milner-Bolotin in
Curriculum and Pedagogy uses
CLAS for mini-teaching by
Teacher-Candidates

CLAS allows you to have
a discussion which is very
purposeful and to the point. |
find that it not only saves
time, but also makes it much
more meaningful.

—Marina Milner-Bolotin, Assistant Professor of Faculty of Education



https://clas.sites.olt.ubc.ca/marina-milner-bolotin-in-curriculum-and-pedagogy-uses-clas-for-mini-teaching-by-teaching-candidates/
https://clas.sites.olt.ubc.ca/marina-milner-bolotin-in-curriculum-and-pedagogy-uses-clas-for-mini-teaching-by-teaching-candidates/
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Rethinking Technology-Enhanced Physics Teacher
Education: From Theory to Practice

Marina Milner-Bolotin

To cite this article: Marina Milner-Bolotin (2016) Rethinking Technology-Enhanced Phy5|cs
Teacher Education: From Theory to Practice, Canadian Journal of Science, M
Technology Education, 16:3, 284-295, DOI: 10.1080/14926156.
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[M. Milner-Bolotin, "Rethinking technology-enhanced physics teacher
education: From theory to practice", Canadian Journal of Science,
Mathematics and Technology Education, 16, 284-295 (2016).] .




Conclusions

In order to prepare our students for 215t century
challenges, we have to reimagine how we use
technology in STEM teacher-education.

Instead of focusing on new gadgets and new
innovations we should focus on new technology-
enhanced pedagogies.

Let us move from more technology to increased
quality of STEM teaching and learning.
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