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There are no proofs iIn mathematics
education.

Henry Pollak




Overview

= |ntroduction
= Wwhat is active learning?
= example of active learning

= next steps...




audience poll

b.socrative.com

room: sfumath

#1 Think about something you are really good at—perhaps a skill you are proud of, maybe one that advanced
your career.

Now, think of how you became good at it.

Was it by...

_ 0/0 students answered
"

... mentorship (one-on-one guidance)

- ... attending lectures

. ... familiy and friends
]
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= 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...

2008

m created online/distance ed. version of Calculus |
= featured pre-recorded video lectures

Section 3.9: Related Rates

4. A rocket & launched vertically and s tracked by a radar station boeated ca the ground 5 km froes the
lounch pad. Suppose that the clevation angle # of the line of sight to the rocket is increasing st 3° per
socomd whom # = 607, What = the volocity of the rocket at that instam”

Qmu\n . I.f€ k‘—: monwed Secomely
it W& = Iw'vu of T cockd of dim €

(= k=) .
Ol = cndh oF ke @ ""““‘,\.

MATH 150C: Calculus I with Review
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brought to you by:  The Department of Mathematics &
The Center for Online and Distance Education
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2010

m Eric Mazur
0 Confessions of a Converted Lecturer
= peer instruction




Seeds of change...

Two phases of learning:

classr<’m> 1) Acquisition of information

o > 2) Assimilation of information




Seeds of change...

Two phases of learning:

home > 1) Acquisition of information

classroo> 2) Assimilation of information




What is Active Learning?

Active learning is any instructional method
that engages students in the learning
process Inside the classroom.

peer instruction
class response

systems
turn to your

neighbour individual

problem solving
group discussions

3-points summary




Active Learning

3-points summary




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

A medieval lecture
Artist: Laurentius de Voltolina;
Liber ethicorum des Henricus de Alemannia,; Kupferstichkabinett SMPK, Berlin/Staatliche Museen Preussiischer Kulturbesitz, Min. 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
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Change is in the air...

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




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




A Look at the Lecture

People have nowadays...got a strange opinion
that everything should be taught by lectures.
Now, | 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 nhumerous, 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

WHAT’S
THE
USE OF

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

2015




A Look at the Lecture o ‘ /

Lab TV Sleep Relax Lab
First U.S. Edition of the
Classic Work on Lecturing Day 6 ~l ‘ \A ﬁ M. M‘J
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1972, 2000

Lab Homework Sleep Class
Day 1

. A

Lab Homework Sleep Class
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Time (hr)

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.
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A Look at the Lecture

Interactive-engagement versus traditional methods: A six-thousand-student
survey of mechanics test data for introductory physics courses
Richard R. Hake®

Department of Physics, Indiana University, Bloomington, Indiana 47405
(Received 6 May 1996; accepted 4 May 1997)

A survey of pre/post-test data using the Halloun—-Hestenes Mechanics Diagnostic test or more recent
Force Concept Inventory is reported for 62 introductory physics courses enrolling a total number of
students N =6542. A consistent analysis over diverse student populations in high schools, colleges,
and universities is obtained if a rough measure of the average effectiveness of a course in promoting
conceptual understanding is taken to be the average normalized gain (g). The latter is defined as the
ratio of the actual average gain (%(post) — %(pre)) to the maximum possible average gain (100
~%( (pre)). Fourteen “‘traditional’ (T) courses (N=2084) which made little or no use of
interactive-engagement (IE) methods achieved an average gain (g)7.,,.=0.23%20.04 (std dev). In
sharp contrast, 48 courses (N =4458) which made substantial use of IE methods achieved an
average gain (2) g™ 0.4820,14 (std dev), almost two standard deviations of (g )5, above that
of the traditional courses. Results for 30 (N = 3259) of the above 62 courses on the problem-solving
Mechanics Bascline test of Hestenes—-Wells imply that IE strategies enhance problem-solving
ability, The conceptual and problem-solving test results strongly suggest that the classroom use of
IE methods can increase mechanics-course effectiveness well beyond that obtained in traditional

prdclic:c. L 1998 American Association of Physics Teachers

L. INTRODUCTION

There has been considerable recent effort to improve in-
troductory physics courses, especially after 1985 when Hal-
loun and Hestenes' published a careful study using massive
pre- and post-course testing of students in both calculus and
non-calculus-based introductory physics courses at Arizona
State University. Their conclusions were: (1) **.. the stu-
dent’s initial qualitative, common-sense beliefs about motion
and...(its)... causes have a large effect on performance in
physics, but conventional instruction induces only a small
change in those beliefs.”” (2) **Considering the wide differ-
ences in the teaching styles of the four professors... (involved
in the study)... the basic knowledge gain under conventional
instruction is essentially independent of the professor.”
These outcomes were consistent with carlier findings of
many rescarchers in physics education (see Refs. 1-8 and
citations therein) which suggested that traditional passive-
student introductory physics courses, even those delivered by
the most talented and popular instructors, imparted little con-

cent con'' and pro"? arguments as to whether a high FCI
score indicates the attainment of a unified force concept.
Nevertheless, even the detractors have conceded that *“the
FCI is onc of the most reliable and useful physics tests cur-
rently available for introductory physics teachers™ "' and
that the FCI is **the best test currently available... to evaluate
the effectiveness of instruction in introductory physics
courses.”” "™ While waiting for the fulfillment of calls for
the development of better tests'' or better analyses of exist-
ing tests,'” the present survey of published' ' # @ ah1314 4
unpublished“*"™ classroom results may assist a much
needed further improvement in introductory mechanics in-
struction in light of practical experience.

II. SURVEY METHOD AND OBJECTIVE

Starting in 1992, | requested that pre-/post-FCI test data
and post-test MB data be sent 1o me in talks at numerous
colloquia and meetings and in ¢-mail postings on the
PHYS-L and PhysLmR nets.'® This mode of data solicitation
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Active learning increases student performance in
science, engineering, and mathematics

Scott Freeman™', Sarah L. Eddy®, Miles McDonough®, Michelle K. Smith®, Nnadozie Okoroafor®, Hannah Jordt®,

and Mary Pat Wenderoth®

*Department of Biology, University of Washington, Seattle, WA 98195; and "School of Biology and Ecology, University of Maine, Orono, ME 04469

Edited* by Bruce Alberts, University of California, San Frandisco, CA, and approved April 15, 2014 (received for review October 8, 2013)

To test the hypothesis that lecturing maximizes learning and
course performance, we metaanalyzed 225 studies that reported
data on examination scores or failure rates when comparing student
performance in undergraduate science, technology, engineer-
ing, and mathematics (STEM) courses under traditional lecturing
versus active learning. The effect sizes indicate that on average,
student performance on examinations and concept inventories in-
creased by 0.47 SDs under active learning (n = 158 studies), and
that the odds ratio for failing was 1.95 under traditional lecturing
(n = 67 studies). These results indicate that average examination
scores improved by about 6% in active learning sections, and that
students in dasses with traditional lecturing were 1.5 times more
likely to fail than were students in classes with active learning.
Heterogeneity analyses indicated that both results hold across
the STEM disciplines, that active learning increases scores on con-
cept inventories more than on course examinations, and that ac-
tive learning appears effective across all class sizes—although the
greatest effects are in small (n < 50) dasses. Trim and fill analyses
and fail-safe n calculations suggest that the results are not due to
publication bias. The results also appear robust to variation in the
methodological rigor of the included studies, based on the quality
of controls over student quality and instructor identity. This is the
largest and most comprehensive metaanalysis of undergraduate
STEM education published to date. The results raise questions about
the continued use of traditional lecturing as a control in research
studies, and support active learning as the preferred, empirically
validated teaching practice in regular classrooms.

constructivism | undergraduate education | evidence-based teaching |
swientific teaching

Lccturing has been the predominant mode of instruction since
universities were founded in Western Europe over 900 y ago

225 studies in the published and unpublished literature. The active
leaming interventions varied widely in intensity and implementa-
tion, and included approaches as diverse as occasional group
problem-solving, worksheets or tutorials completed during class,
use of personal response systems with or without peer instruction,
and studio or workshop course designs. We followed guidelines for
best practice in quantitative reviews (SI Matenials and Methods),
and evaluated student performance using two outcome variables:
() scores on identical or formally equivalent examinations, conoept
inventories, or other assessments; or (1) failure rates, usually
measured as the percentage of students receiving a D or F grade
or withdrawing from the course in question (DFW rate).

The analysis, then, focused on two related questions. Does ac-
tive leaming boost examination scores? Does it bower failure rates?

Results

The overall mean effect size for performance on identical or
equivalent examinations, concept inventories, and other assess-
ments was a weighted standardized mean difference of 047 (£ =
9.781, P << 0.001)—meaning that on average, student perfor-
mance increased by just under half a SD with active learning
compared with lecturing. The overall mean effect size for failure
rate was an odds ratio of 1.95 (Z = 104, P << 0.001). This odds
ratio is equivalent to a risk ratio of 1.5, meaning that on average,
students in traditional lecture courses are 1.5 times more likely to
fail than students in courses with active leaming. Average failure
rates were 21.8% under active learning but 33.8% under tradi-
tional lecturing—a difference that represents a 55% increase
(Fig. 1 and Fig. SI).

Significance
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Fig. 1. Comparisons of average results for studies
reported in ref. 3. (A) Failure rates for the active learning
courses and the lecture courses. (B) Shift in distribution of
student scores on concept inventory tests.
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or withdrawing from the course in question (DFW rate)
The analysis, then, focused on two related questions. Does ac-
tive learing boost examination scores? Does it lower failure rates?

Results

The overall mean effect size for performance on identical or
equivalent examinations, concept inventories, and other assess-
ments was a weighted standardized mean difference of 047 (£ =
9.781, P << 0.001)—meaning that on average, student perfor-
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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.
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Carl Weiman
Wieman, C. E. (2014). Large-scale comparison of science teaching methods sends clear message. PNAS, 111(23): 8319-20.
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Example of Active Learning

Before Class

During Class

first
exposure

|

After Class

-

> assimilate

transfer

traditional approach

-

practice &

\_

-

further

feedback

flipped approach

Derek Bruff: Class time reconsidered

N
exploration
- J




Example of Active Learning

course title enrollment instructor semester

Math 150 |Calculus I: 150 Mulholland Spring 2015
Differential Calculus with Review

Math 152 |Calculus II: 288 Mulholland Fall 2014
Integral Calculus

Math 150 |Calculus I: 110 Mulholland Spring 2014
Differential Calculus with Review

Math 151 |Calculus I: 342 Mulholland Fall 2013
Differential Calculus

Math 150 |Calculus I: 220  |Jungic Fall 2012
Differential Calculus with Review

Math 152 |Calculus II: 246 Mulholland Fall 2012

Integral Calculus




The Script

= Phase 1: information acquisition (at home)

e students watch video lecture or read textbook

= Phase 2: preliminary assessment (at home)

e students complete an online quiz

= Phase 3: information assimilation (in class)

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

= Phase 4: further exploration (at home)

e students continue to make sense of information by working on the weekly
homework assignment




Video Demo

2.7 Derivatives and Rates of Change

1. Quote. "The real voyage of discovery consists not in seeking new landscapes,
but in having new eyes.”

(Marcel Proust , French author, 1871- 1922)

2. Definition. The tangent line to the curve y = f(r) at the point Pla. f(a)) is
the line through P with slope

.. f(z) = fla)
m = lim

r—a TrT—a

provided that this limit exists.

R~




Pre-Class Questions

Question 1 1 pts

If lim f(z) = 0and %1_r)n g(z) does not exist then lim f(z)g(z)

Ir—a

r—a

(A) is 1

(B) is 0

(C) is ©

(D) does not exist (and isn’t oo)

(E) not enough information is given




Pre-Class Questions

Question 1 1 pts

For the function f(z) = sin (z? + 5z) determine the derivative f'(0).

l T ] — | | — R
5 cosid)

30 0 6 cosix"3)+5x)" No Answer
B3x2)+5)




Inside the Classroom

mclicker

o U 3
pclicker

I>clicker
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Inside the classroom

Math 151 Fall 2013




Inside the Classroom

The derivative of f(z) = z|z| at z =0

(A) is 0.

(B) does not exist, because |z| is not differentiable at z = 0

(C) does not exist, because f is defined piecewise

(D) does not exist, because the left and right hand limits do not agree.

551 i

46 (46%

61 (b4 %

26 (26%

5 (5%)

first round
individual

second round
group




Inside the Classroom

True or False.
lim f(z) = L means that if z, is closer to a than z, is, then f(z;) will be closer to L than

Ir—a .

f(.’l?g) 18.

Be prepared to justify your answer with an argument or counterexample.
(A) True

(B) False

180 -
160 -
140 -
120

second round
group

first round 100 -
individual
80 -
60 -
40 -

204




Inside the Classroom

A boat is drawn close to a dock by pulling in a rope as shown. How is the rate at which
the rope is pulled in related to the rate at which the boat approaches the dock?

dock

(A) One is a constant multiple of the other.

(B) They are equal. 200-
(C) It depends on how close the boat is to the dock. . 265 (B3%)

150 +

100 +

e 5107%
0.- 3 (1%)

A B C D E




Inside the Classroom

A boat is drawn close to a dock by pulling in the rope at a constant rate.
True or False. The closer the boat gets to the dock, the faster it is moving.

(A) True
(B) False

dock

180+

162 (52%
160+

148 (48%

140 4

120

100 -

second round
group

first round
individual

s & 3 8




Student Feedback

I also loved your usage of the flipped classroom
learning style. I thought it was extremely
conducive to learning the material. | had heard of
it before this course, but I had never experienced
it, and the way it was set up | thought it greatly
enhanced the lessons.

Math 151 student, Fall 2013




Barriers to Active Learning

resistance to change
workload

suitability of teaching spaces
content coverage

loss of control in the classroom




Evaluating Teaching Approaches

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

Classroom Observation Protocol for Undergraduate STEM (COPUS)

Students are doing: Instructors are doing:
Student codes used:  sa

. L-Listening
I Ind-Individual thinking

4EVD B Instructor codes used:
. Lec-Lecturing

Lecture-based

course
. RtW- Real-time writing

CG- Clicker question FUp- Follow-up

discussion
. WG- Worksheet group work

. PQ- Pose questions

AnQ- Answer instructor B ca- Clicker questions

question .. Course that utilizes
= | several active- AnQ- Answer questions
D SQ- Student asks a question (Gariis
: : € DMG- Moving through the
instructional SR
: MG
practices

. 101- One on one discussions
with students
DAdm- Administration

FUp




Thank You!

How 10 TEACH

References aw. (rony) sares [ RSO MATHEMATICS
i&nﬂ“'i “”'I\\:li STEVEN G. KranTz
(N4 r USE OF Teaching with
Books: ivA n!ﬁl .
5 l[ Lec'ures? assroom

Response Systems

A Desald A. Hbigh
Teaching in the Digital Age. T. Bates (2015) },,ur
Creatin
} 4 Leamm?_; Environments

What's the Use of Lectures? D. Bligh (2000)
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Articles:
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of Sciences. (2014)
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Other resources:

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