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Day 2 – May 2015
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Course Tentative Schedule
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I

Day Technology
1 Student engagement: Clickers,

multimedia


2 Peer Instruction and PeerWise: inquiry 
via questioning; Exploring GeoGebra



3 Data collection and analysis; Desmos

4 Computer simulations, games, and 
online learning environments

5 Summary and projects’ presentations



Agenda for the Day
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I. Active engagement: Peer Instruction Pedagogy
II. Group activity: Designing conceptual math and 

science multiple‐choice questions
III. PeerWise Pedagogy introduction
IV. PeerWise activity (group work)
V. Group activity: Exploring GeoGebra
VI. Summary of the day



Agenda for the Day

5

I. Active engagement: Peer Instruction 
Pedagogy

II. Group activity: Designing conceptual math and 
science multiple‐choice questions

III. PeerWise Pedagogy introduction
IV. PeerWise activity (group work)
V. Group activity: Exploring GeoGebra
VI. Summary of the day



Active Engagement

6

Group activity

1. What activities are your students engaged in 

your math and science classes?

2. Why do you choose these activities?

3. What learning do they promote?

I



Peer Instruction

7

Have you heard of (used) Peer Instruction 

(clickers) outside of this course?

1. Yes

2. No

I



Metal Expansion Puzzle

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

1. Increase
2. Decrease
3. Remain the same
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The Monty Hall Problem: Let Us 
Make a Deal

A. Stick with the original choice
B. Swap doors
C. It doesn’t matter



Peer Instruction
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I



Peer Instruction
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I



Technology for Peer 
Instruction

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

I



Technology for Peer 
Instruction - PlickersI

https://www.plickers.com/



Clicker-enhanced PedagogyI

• Pose a multiple‐choice science questionStage 1

• Students are given time to think and enter 
their individual responses using clickers 
(vote)

Stage 2

• The responses are aggregated and displayed 
and a peer discussion followsStage 3

• Students have a chance to vote againStage 4

• Whole class discussion about  correct, as 
well as incorrect responses (reasons for each)Stage 5



Modified Peer Instruction
We design  
conceptual questions 
for our courses and 
use questions by 
others 

Students work 
in small groups 
(of 2-3)  to 
figure out 
conceptual 
questions

Four-five 
Clickers 
questions 
were asked 
per 2 hour 
class

5/5/2015 15

The answers 
to these 
questions are 
tested using  
simulations,  
demos, etc.



Challenging Assumptions

Answers given by pre-service physics teachers
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Force Concept Inventory Example 
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FCI Gain Factor
FCI Gain: fraction of unknown physics concepts learned

Post (%)-Pre(%)Course gain:
100% Pre(%)

g 


Red: Traditional lecture 
courses
Green: Interactive engagement

R. Hake, ”…A six-thousand-student survey…” AJP 66, 64-74 (‘98).



How much do students learn?
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I

A. 10‐20%
B. 20‐40%
C. 40‐60%
D. 60‐80%
E. 80‐95%

What % of what the students 
could have learned in our 
courses is actually learned?

Post (%)-Pre(%)Course gain:
100% Pre(%)

g 




Clickers & Active Learning
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2004, The Physics Teacher, 42(8), 47‐48.

Journal of College Science Teaching, Fall 2009
2010, Journal of College Science Teaching, 
40(2), 18‐22.

I



Peer Instruction Pedagogy

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

I



Peer Instruction ExampleI



Pre-Discussion 
Poll

2
4

0

4
1

Post-Disc. 
Poll 1

0

Respondents: Physics Teacher-Candidates

Peer Instruction in ActionI



Math & Science Teaching & 
Learning through TechnologyI

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



Navigating the ResourceI



Navigating the Resource

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

I



Question Title

Two blocks are connected via a pulley. The blocks are initially at rest as 

block m1 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)

Question TitleBlocks and a Pulley

m2

m1
A B 1 2

1 2

1 2

1 2

A. 0;  0
B. ;  
C. 0;  
D. ;  0
E. None of the above

a a
a g a g
a a g
a g a

 
 
 
 

Why are the assumptions above important?



Comments

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 
(m1+m2), while the net force pulling the system down is m1g. 
Therefore, applying Newton’s second law, one can see that the 
acceleration of the system must be less than g:

Some people think that the acceleration will be g. They forget that 
the system consists of two blocks (not just m1) and the only pulling 
force is m1g. Thus the system is NOT in a free fall. Compare this 
questions to the previous one to see the difference.

CommentsSolution

   
2 2

1 2 1 2

m g ma g g
m m m m

  
 

I



Break: Mental Exercise
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I



Question Title

A. 24 m2

B. 76 m2

C. 100 m2

D. 124 m2

E. Not enough information

What is the area of the figure below?

Question TitleArea

10 m

6 m

4 m10 m

I



Comments

Answer: B

Justification: The easiest way to find the area is to imagine a 10 m 
by 10 m square and subtracting a 4 m by 6 m rectangle.

CommentsSolution

A = 10 m x 10 m – 4 m x 6 m 
= 76 m2

Alternatively, the shape’s area can be 
found by dividing it into 2 rectangles 
and adding the areas together.

10 m

6 m 4 m

4 m

6 m

10 m

I



Logical reasoning

If m and p are positive integers and (m + p) x m is even, 
which of the following must be true?

(A) If m is odd, then p is odd.
(B) If m is odd, then p is even.
(C) If m is even, then p is even.
(D) If m is even, then p is odd.
(E) m must be even. 

I



Logical reasoning

In the figure below, a square is inscribed 
in a circle with diameter d. What is the 
sum of the areas of the shaded regions, 
in terms of d ? 

 
 

2

2

2

2

2

1( ) 
4 2

1( ) 
4 4

1( ) 
2 4

( ) 2

( ) 1

a d

b d

c d

d d

e d
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Agenda for the Day
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I. Active engagement: Peer Instruction 
Pedagogy

II. Group activity: Designing conceptual math 
and science multiple‐choice questions

III. PeerWise Pedagogy introduction
IV. PeerWise activity (group work)
V. Group activity: Exploring GeoGebra
VI. Summary of the day



Designing Multiple-Choice 
Questions: Group activity

35

Group activity

1. While working with a partner, design 3 

multiple‐choice questions on the relevant 

topic. Consider distractors carefully.

2. Pair up with another group and answer each 

other’s questions.

II



Agenda for the Day
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PeerWise Online System

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

III



Technology-Enhanced Active 
Engagement Integration

Peer Instruction and PeerWise 
integration

III



PeerWise Pedagogy

[Res. & Pract. in Math, Sci. & Techn. Ed., 2013. 1(5): 
p. 525-544.]

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

III



PeerWise Online SystemIII



Agenda for the Day
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PeerWise Activity

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

IV

Student ID:

Student1_ChB
Student2_ChB …
Student70_ChB

Register at PeerWise use 
the username Student#
Your Identifier is:
Student1
Student 2 …
Your own password is the 
same as your student ID.



PeerWise Activity: 
Registration

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

IV

Student ID: Student1_ChB
Your Identifier is: Student1
Your password = Your student ID.



Exploring PeerWise (PW)
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Group activity

1. Register to PeerWise (PW) and explore the system.

2. Work with a partner, design 3 multiple‐choice 

questions on the relevant topic. Enter them into PW.

3. Answer 3 questions designed by other people. Rate 

these questions and comment on them.

IV



Agenda for the Day
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I. Active engagement: Peer Instruction 
Pedagogy

II. Group activity: Designing conceptual math 
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V. Group activity: Exploring GeoGebra
VI. Summary of the day



Interactive Mathematical Tools

• Geometer’s Sketchpad

• Cinderella

• Cabri

• GeoGebra

5/5/2015 46

V



GeoGebra: What is it?

• Dynamic mathematics software

• Used for learning and teaching:

Geometry
Calculus

Algebra
Statistics

Science5/5/2015 47

V



GeoGebra and Tangrams
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http://www.geogebra.org/student/m157562

http://chinesepuzzles.org/tangram/

V



GeoGebra Example Central 
Angle Theorem

5/5/2015 49

http://tube.geogebra.org/student/mCntMT6zE



GeoGebra: What can it do?

• Geometry: Central Angle Theorem

• Calculus: Integration

• Algebra: Transformation of functions

• Geometric construction: Inscribed circles

• More resources: www.geogebra.org
5/5/2015 50

V



GeoGebra: Why to use it?

• Dynamic and interactive

• Accurate construction (Vs. Drawing)

• Visualization of mathematical objects

• Exploration and discovery (what-ifs)

5/5/2015 51

V



GeoGebra: Group activity
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Group activity

1. Visit www.geogebra.org

2. Browse available materials

3. Work with a partner to design a GeoGebra activity 

you can use with your students them.

V



Agenda for the Day

53

I. Active engagement: Peer Instruction 
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II. Group activity: Designing conceptual math 
and science multiple‐choice questions

III. PeerWise Pedagogy introduction
IV. PeerWise activity (group work)
V. Group activity: Exploring GeoGebra
VI. Summary of the day



Day 2: Feedback 1

How satisfied are you with the day?
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1                                3                              5



Day 2: Feedback 2

Do you feel you have learned new 
ideas for math and science teaching?
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1                                3                              5



Day 2: Feedback 3

Are you looking forward to Day 2?
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1                                3                              5



Day 2: Feedback 4

What was the pace of the day?
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1                                3                              5



Day 2: Feedback 5

What was the amount of information for 
you today?
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1                                3                              5


