Active Learning Techniques
In and Out of the Classroom

Costa Mesa, 4/21/18
Mats Selen, University of lllinois




Introduce yourself to your neighbor and tell
them why you are here.
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Which best describes your role
at your institutiorf?

A) | teach

B) | support teaching
C)Both

D) Neither




Which best describes your field

A) STEM
B) Non-stem




This Month 20 years ago

Richard Hake, Indiana U., American Journal of Physics|1998 66, 64
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Lecture Instruction: Alive and Not So Well

New study of undergraduate STEM courses finds that lectures remain dominant - despite finding after finding
questioning their effectiveness.

By Scott Jaschik // April 2,2018
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UNIVERSITY OF NEBRASKA AT LINCOLN

Marilyne Stains (in rear) watches a science class.




N - 4 days ago - .

| get it. It's the students who don't get it. Some do not feel comfortable with being an active learner. They resist and
actually show angry, frustrated emotions when put into an "active" situation.
6 ~ v - Reply - Share»

I - AssocProf - 4 days ago i
Then it's on you to change the classroom culture and help students understand the why, and the benefits of what
you're trying to do.

1~ v . Reply - Share»

@@ Do you have any suggestions for doing this? I've been trying for 10 years, and it is slow going.
A v . Reply - Share>

4 days ago -~

3 days ago N
l As Robert mentioned, classroom culture expectations need to be changed. It happens by using low
stakes grading - use of clickers, one minute papers, muddiest point, etc. It does not have to be
stressful to the students. | use an engagement factor (0.9 to 1.1) in my grading which is not
dependent on students raising their hand to ask a question or forcing students to work in a group. It
depends on doing classwork individually, using peer-to-peer discussion to compare, and then most
importantly instructor discussion to seal any myths that may develop in P2P discussion; doing HW;
submitting meta cognition exercises; attending class, etc.
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Why did we do this ?



Intro Physics at lllinois (Spring 201

E=43
CalculuBased
Mechanics (Phys211) 1202
E&M (Phys212) 734
Stat. Mech. (Phys213) 720
Quantum (Phys214) 695

Algebra Based: S
Mechanics, Heat (Phys101) 357 fgE=
E&M, Modern  (Phys102) 352 E=—=—



Big Change at lllinois 20 years ago:

Department owns intro courses, not faculty
wTeam teaching:-3 faculty share the load
wCourse foundation is fixed; changes are incremental.
wLight teaching load; faculty have time to do other things.
wEnables innovation
wSustainable
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The result was astonishing:

Before (1995) After (2001)
m Start ~ End m Start © End
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MINCIEE R &’Q G R @"Jb
& S
Before (Spring 95) After (Spring 01)
Total Physics TAs = 17 Total Physics TAs =15
# Excellent =15 # Excellent =158
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How do you teach your classes?

A) We use a team teaching approach with
permanent course infrastructure.

B) We use team teaching but the course change
every semester.

C)We try to keep the content fixed but the
teaching approach changes with teacher.

D) Its really up to the professor to do whatever



Our next biggest problem (2008):
Students not reading text & not prepared to learn

A Have to assume that students in class know nothing
A Spend valuable class time just getting them started

How often do you read the text before attending class?

50% '}

@ Algebra-based physics (N = 669)
B Calculus-based physics (N =632)




Second Big Change (2008)

Replaced textbook with
pre-lectures and
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Class time Is focused
on peer instruction




Pre-Lecture . = ,L

(before class) @t .....

= | JITT Questions
|| (before class)
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Tuesday Morning
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What is your level of familiarity
with Peer Instructior?
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What is your level of familiarity
with Just In Time Teachiryy

AILQY R2AY3I Al

B\(LQWJS KSIF NR )
haven't tried it.

COL R2Yy QU NI f
It Is.

Ancrew D. G

USENTINE
TEACHING:

! b
w‘:‘lﬁwn&kh\e Learning

y.—-
.. @ :
"4
-
—
-
,’
-



What Is your level of familiarity
with Flipping the Classroof
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Pre Lectures

Viewed prior to each lecture
(usually the night before)

Students do this instead
of reading a textbook

Introduces all concepts
for the coming lecture.




JITT (Just In Time Teaching)

==~ N Online knowledge check of
et prelecture concepts

nnnnnnn
ure Thoughts

Completed after Prelecture
but before Lecture.

Feedback to professor
guides lecture prep.
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Static Fluids

Deadline:

Ice Melting in Cup of Water

An ice-cube is floating in a class filled with water as shown above.

1)When the ice melts, the level of the water in the glass will:
© Go up, causing water to spill out of the glass

© Go down

© Stay unchanged.

Your submissions:

2)Briefly explain your answer to the previous question.

CheckPoint
Pressure under a ship

[ —
Try new random numbers

CheckPoint
Ice Melting in Cup of Water
s ———

Try new random numbers

CheckPoint
Ice Cube in Liquid
e—

Try new random numbers

CheckPoint
Lecture Thoughts
e ——




Student explanations for it spills over é

SEee IT 1T SpIIs.
1 water in ice must add somewhere to water in glass

mail The water level will rise. | learned that from Al Gore in "An
Inconvenient Truth"

ki emall [since the iIce completely melts the volume of Ice not In the
water will exceed the volume of the glass and surface tension
will unlikely hold the excess in place

Il dope

mail because the ice floats with some of its volume above the
water, when it melts it will rise the level of the water

I the melted water has a higher density as ice and will flow into
the cup to cause the overflow

d email |meepl

{if The same percentage of the ice's volume is always above the
water, which means when the ice cube gets smaller, the
volume that is above gets smaller, and the extra volume
makes the water spill.

nail 1

aemail | The density will increase.

nail same volume but there is water floating above the cup in the
form of ice

ail well the volumes gotta go somewhere am | right???

in emall |Not all of the ice is inthe cup, so once all of it melts, there will

be mare in the cup
nemall | The volume of the ice cube that is submerged decreases as




A)Go up, causing the water to spill out of the glass.
B)Go down.
C)Stay right at the brim.

A) The water level will rise. | learned that from During Class
Al Gore in "An Inconvenient Truth" oo

B)Volume of ice is greater than volume of water

C)The melted water has exactly the same mass as the
iIce cube, and the volume of water displaced is equal to
the mass of the ice cube.
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0%
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A B C

Before Class

smartPhysics



| ectures = Peer Instruction

A Lectures are very interactive
I We know students are prepared (Prelectures)
I We know their misconceptions (JIiTT)

A Typically ask 8-12 clicker
guestions per lecture

Flipped lectures are more efficient:
Before: 75 min, After: 50 min




How does this impact our students?

Am. J. Phys. 78, 755-759, 2010
Phys. Rev. ST Phys. Educ. Res. 6, 1-5, 2010



https://online-s.physics.uiuc.edu/courses/phys212/gtm/No_Login/page.html
https://online-s.physics.uiuc.edu/courses/phys212/gtm/No_Login/page.html
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Student Perception of Course
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Before
After




Message So Far
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w Learning is an active enterprise .
keeping students engaged is ke': |

I>iClicker FlipltPhysics

w There are great tools out there
to help you- it doesn't have to be
fancy to be effective !

w Clickers are a powerful tool for making your classroot




How to Get Started

wMake a fewdiTTquestions for each lecture.

wUse these responses to build clicker questio
(they could be exactly the same)

wlterate next semester.

Questions, comments,

discussion of your own experiences ??



Back to the online comments of faculty:

mimiisnleniien * days ago -
. | don’t get it — my college physics and biology courses (50+ years ago) involved 3 elements each week:
- Lectures, given by top people in the department depending on the field
-Lab
- Section

So now we no longer have labs and sections?7?7?7?

So now we no | onger ha
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How important were In helping you learn the material
|«  Prelectures | | Lectures . Discussion
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A: Essential, B: Very Important, C: Somewhat Important, D: Not very important, E: Useless



School 2 e School 3
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MEAN LAB BENEFIT

Introductory physics labs: =

WE CAN DO [
\ ; :
E E Mech 1 Mech2 E&M Mech 1 Mech2 E&M Mech E&M1 E&M 2

COURSE

Research reveals that labs are more effective
when their goal is to teach experimental practices

) 3 ; 1 and CarlE W|eman ”
rather than to reinforce classroom instruction. AR

ab instruction has historically been a cornerstone of surprising—even shocking—results
physics education (see the article by Valerie Otero and ekt & sivug ans. o iR

i what lab courses are for and how they
David Meltzer, PHYSICS TODAY, May 2017, page 50), but  4re taught. Fortunately, certain goals
the large amounts of money, space, and instructor time  and teaching methods have shown

that labs require must be constantly justified. Few physi- good evidence of effectiveness.
ists would contest the importance of labs in a physics curriculum. But At many institutions, introductory I I
.GS oS - P ; P 8 5 labs are aligned with the introductory
if you ask physicists what labs are for, their answers will be vastly varied. lecture course. The intended goal is ‘

Goals range over reinforcing content, learning about measurement and  to enhance student understanding of

. . AR . . lecture content, and the underlying
uncertainty, practicing communication skills, developing teamwork R M i

skills, and, more broadly, learning that physics is an experimental ,nderstand the physics if they con-
science. Some labs try unrealistically to hit all those targets. duct experiments and see for them-
selves how the physics principles

We and others have recently been examining how effective ~ work in real life. To see whether that was true, we took advan-
labs are at achieving various goals. What we've found is that tage of courses in which the lab component was optional. That
traditional labs fall way short of achieving a frequent goal. The ~ way, we could compare content mastery of the students who

38 PHYSICS TODAY | JANUARY 2018




UIUC: Explore all chcepts.
Scripted.



Research shows us a better way

NLearning with
should resemble the practice
of that disciop

0 S
Eugenia Etkina
InvestigativesciencelearningEnvironment

Design and Reflection Help Students Develop Scientific Abilities:

Learning in Introductory Physics Laboratories
Eugenia Etkina et. al. The Journal of the Learning Sciences98; £2010)
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NLearning within a
resembl e the practi

Think of one sentence that describes the
most important skills of a practitioner of
your own discipline:

My own example for Physics:
d/ NROGAOICeatibeK NP AFIAS{ 2f OA Y




Critical Thinking, Creative Problem Solving, Confider



