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Does technology 
presence 
guarantee 
improved student 
learning?



Are We on the Same Page?

1. It helps students engage with STEM fields
2. It helps address challenges we couldn’t address before
3. It saves time, money, and other resources
4. It prepares students to become 21st century citizens
5. All of the above
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Educational technology should not be used 

just because it is there. It should be used 

because …



Educational Technologies (ET) in 
STEM Teacher Education

• Why should we use ET?
• How can we use ET?
• What new opportunities does ET open?
• Why would STEM teachers adopt new ETs?
• How do we support them in this process?
• How will ETs encourage new pedagogies?
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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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[M. Milner-Bolotin, "Promoting research-based physics teacher education in 
Canada: Building bridges between theory and practice", Physics in Canada, 70, 
99-101 (2014).]



Theoretical Framework

[Koehler, M. J., & Mishra, P. (2009). What is technological pedagogical content 
knowledge? Contemporary Issues in Technology and Teacher Education, 9 (1), 60‐70.]

Teachers 
should 

experience 
learning STEM 

with 
technology as 
learners and 
as future 
teachers. 
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[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. Peer collaboration  (Peer Instruction PeerWise)

2. Live Data Collection and Analysis (Logger Pro)

3. Computer Simulations (PhET)

4. Collaborative Learning Annotation Systems (CLAS)



1. Technology‐Supported Peer 
Collaboration
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Peer Instruction and PeerWise 
integration



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

Technology is There – Pedagogy is 
Often Missing



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

4 PeerWise – Freely Available
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A. 600 N
B. 450 N
C. 300 N
D. 200 N
E. 150 N

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.

Physics Teacher Education Example



Pre-Discussion 
Poll

2
4

0

4
1

Post-Disc. 
Poll 1

0

Respondents: Physics Teacher-Candidates

4 Peer Instruction in Action
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2004, The Physics Teacher, 42(8), 47‐48.

Journal of College Science Teaching, Fall 20092010, Journal of College Science Teaching, 
40(2), 18‐22.
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http://scienceres-edcp-educ.sites.olt.ubc.ca/

Research‐Based Resource for Teachers



2. Live Data Collection & Analysis
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2007, Journal of College Science Teaching, 36(4), 45‐49.

2008, The Physics Teacher, 46(8), 494‐500.
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Real Life HW & Exam Problems

Thinking like a scientist 
means being able to 
analyze real life situation 
using real data.

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



3. Computer Simulations
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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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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. 

We can place the 
pendulum on  the Moon, 
Earth, Jupiter or even 

Planet X…
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4. CLAS – Collaboration on Improving 
Teaching Skills
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• Upload & 
manage 
videos

• Annotate 
them

• Collaborate
• Share

Learn from 
each other

• Improve
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Why CLAS: Collaborative Learning 
Annotation System?
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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 21st 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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