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There are no proofs in mathematics 
education.

Henry Pollak



Overview

■ introduction
■ what is active learning?
■ example of active learning
■ next steps...
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Simon Fraser University
Burnaby, BC

■ 25,000 undergraduate students

■ SFU is a commuter campus - 90% of students live off campus

■ first year calculus: 100 - 550 students per section (large classes)



Seeds of change...
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2008
■ created online/distance ed. version of Calculus I
■ featured pre-recorded video lectures

2010

■ Eric Mazur
■ Confessions of a Converted Lecturer
■ peer instruction



Seeds of change...
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classroom

home

Two phases of learning:

1) Acquisition of information 
    

2) Assimilation of information 
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What is Active Learning?
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Active learning is any instructional method 
that engages students in the learning 

process inside the classroom. 

class response 
systems 

peer instruction

group discussions

individual 
problem solving

3-points summary

turn to your 
neighbour 



Active Learning
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3-points summary
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A medieval lecture
Artist: Laurentius de Voltolina;
Liber ethicorum des Henricus de Alemannia; Kupferstichkabinett SMPK, Berlin/Staatliche Museen Preussiischer Kulturbesitz, Min. 1233

Henry of Germany delivering a lecture to university students in Bologna, Italy, in 1233
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A medieval lecture
Artist: Laurentius de Voltolina;
Liber ethicorum des Henricus de Alemannia; Kupferstichkabinett SMPK, Berlin/Staatliche Museen Preussiischer Kulturbesitz, Min. 1233

Henry of Germany delivering a lecture to university students in Bologna, Italy, in 1233

Probably nothing has changed more 
in higher education over the last 50 
years than the students themselves.

Tony Bates
Teaching in a Digital Age, 2015



Change is in the air...
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■ Simon Fraser University: TLC, Task Force on Flexible Education

■ University of British Columbia:  Flexible Learning Initiative

■ University of Alberta awards for adopting blended learning approaches

■ University of Calgary:  Vision & Strategy Report

■ University of Ottawa:  E-Learning Working Group 

■ University of Ottawa and McMaster University: 
Invest in blended learning approaches. 

■ SFU, UofA, UofC, Mount Royal, UofS, UofR, UofM, York, Guelph, Waterloo, 
Memorial: Contributed to a Report on Blended Learning

■ MIT: Institute-Wide Task Force on the Future of MIT Education
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We may be reaching a potential 
tipping point in higher education, 
which challenges universities to 

improve substantially the value of 
the learning interaction.

UBC Flexible Learning
2014
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People have nowadays…got a strange opinion 
that everything should be taught by lectures. 
Now, I cannot see that lectures can do as 
much good as reading the books from which 
the lectures are taken…Lectures were once 
useful, but now, when all can read, and books 
are so numerous, lectures are unnecessary.

Samuel Johnson
1709-1784

Boswell, J. (1791), The Life of Samuel Johnson, New York: Penguin Classics (edited by Hibbert, C., 1986)

A Look at the Lecture



A Look at the Lecture
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1972, 2000

2015

A lecture is a continuous 
exposition by a speaker who 
wants the audience to learn 
something.



A Look at the Lecture
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1972, 2000

Poh, M,, Swenson, N., Picard, R. W.  A wearable sensor for unobtrusive, long-term assessment of electrodermal 
activity, IEEE Transactions on Biomedical Engineering. vol 57, no 5, pp 1243-1252. May 2010.

2015
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A Look at the Lecture
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A Look at the Lecture
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A Look at the Lecture
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This meta-analysis makes a powerful case that any college or university that is teaching its 
STEM courses by traditional lectures is providing an inferior education to its students.

                                                                            Carl Weiman
Wieman, C. E. (2014). Large-scale comparison of science teaching methods sends clear message. PNAS, 111(23): 8319–20.

A Look at the Lecture
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Flip
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Derek Bruff: Class time reconsidered

transfer

practice &
feedback

further
exploration

first
exposure

assimilate

Before Class During Class After Class

traditional approach

flipped approach

Example of Active Learning



Example of Active Learning
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course title enrollment instructor semester

Math 150 Calculus I: 
Differential Calculus with Review

150 Mulholland Spring 2015

Math 152 Calculus II: 
Integral Calculus

288 Mulholland Fall 2014

Math 150 Calculus I: 
Differential Calculus with Review

110 Mulholland Spring 2014

Math 151 Calculus I: 
Differential Calculus

342 Mulholland Fall 2013

Math 150 Calculus I: 
Differential Calculus with Review

220 Jungic Fall 2012

Math 152 Calculus II: 
Integral Calculus

246 Mulholland Fall 2012



The Script

■ Phase 1: information acquisition (at home)

• students watch video lecture or read textbook

■ Phase 2: preliminary assessment (at home)

• students complete an online quiz

■ Phase 3: information assimilation (in class)

• students work through problems individually and in groups 
(clickers, peer instruction, just-in-time teaching)

■ Phase 4: further exploration (at home)

• students continue to make sense of information by working on the weekly 
homework assignment
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Video Demo



Pre-Class Questions
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Pre-Class Questions
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i>clicker

Inside the Classroom
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A−1Determine

7 = D in a W
in the 
12 = A in the L S with J C
3 = B in the L of the R: T F of the R, T T T, and T R of 
the K
29 = D in the M of F in a L Y
of the
525,600 = M in a Y

150,000,000 = K between the S and the T P of the S S
2 = the only E P N
99 = W G’s J N

A:

B:

B

answer at: b.socrative.com        room:  sfumath



Inside the classroom



Inside the Classroom
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first round
individual

second round
group



Inside the Classroom
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first round
individual

second round
group



Inside the Classroom
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Inside the Classroom
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first round
individual

second round
group



Student Feedback
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I also loved your usage of the flipped classroom 
learning style.  I thought it was extremely 

conducive to learning the material. I had heard of 
it before this course, but I had never experienced 
it, and the way it was set up I thought it greatly 

enhanced the lessons.

Math 151 student, Fall 2013
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■ resistance to change
■ workload
■ suitability of teaching spaces
■ content coverage
■ loss of control in the classroom

Barriers to Active Learning
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■ concepts inventory 

■ pre test given at the beginning of the term (plain language questions)

■ post test (exactly the same test) given at the end of the term 

■ measure students gain

Evaluating Teaching Approaches

■ Classroom Observation Protocol for Undergraduate STEM (COPUS)
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Books:

Teaching in the Digital Age. T. Bates (2015)

What's the Use of Lectures? D. Bligh (2000)

How to Teach Mathematics. S. Krantz (2000)

Teaching with Classroom Response Systems: Creating Active Learning Environments. D. Bruff (2009)

Twenty Terrible Reasons for Lecturing. G. Gibbs (1981)

Articles:
Freeman, et al. Active learning increases student performance in science, engineering, and mathematics. Proceedings of the National Academy 
of Sciences. (2014)

Weiman, C. Large-scale comparison of science teaching methods sends clear message. Proceedings of the National Academy of Sciences. 
(2014)

Other resources:
Classroom Observation Protocol for Undergraduate STEM (COPUS)
http://www.cwsei.ubc.ca/resources/COPUS.htm
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