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» Problem
Classes focused at future professional
Physicists
» Cause
High bandwidth, unidirectional flow of
information
» Solution

An interactive classroom



» 380,000 students
take introductory
Physics every year

AIP Report R-151.33 (1997)



» About 1% of these
get a bachelor’s
degree in Physics

AIP Report R-151.33 (1997)



» Of the 4300 students
with a bachelor’s
degree in Physics ...

AIP Report R-151.33 (1997)



» About 35% go on to
get a Ph.D. in
physics...

AIP Report R-151.33 (1997)



» That's one out of every
260 students in our
introductory courses!

AIP Report R-151.33 (1997)



» What about the other
259...?

» Who are these students?




» Some disturbing symptoms:
e Frustration
e Lack of basic knowledge
e Lack of understanding






» Students know some jargon:
e “circular motion”
e “barometric pressure”
e “something to the power times ten to the something”

» They know they don’t really understand:

« "I graduated from college but didn’t study
astronomy”

o “Its been a while since I had physics...”

» But the most worrying thing is:
e They don't care!



Should we be worried?
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» Results of standardized test focusing on

concepts rather than problems
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» Results of standardized test focusing on
concepts rather than problems
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Problem

» Results of standardized test focusing on
concepts rather than problems
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What should we do?

62 courses -- 6542 students

[ -- traditional (14) courses;
2084 students

[ -- “interactive” (48)
courses; 4458 students

<<g>>;=0.23 £ 0.04 (o)
<<g>>=0.48 £ 0.14 (o)
<g>=(S;-S)) /(100 - S)

<<g>> = ave. of averages



What should we do?

» TWO approaches:

« Hands on Physics
Interactive experiments
Computer animations
Small group activities

e "Socratic methods”
Peer Instruction
Increased student / teacher interactions

» Basic necessity

e Information transfer done outside of
classroom



Hands on methods

MIT TEAL room
Capacity: ~ 100 students
Cost: ~ $1.5 x 106

John Belcher, MIT
http://www.swiss.ai.mit.edu/projects/icampus/projects/teal.html



What should we do?

Peer Instruction at Harvard:
» Low impact - low cost

» Demonstrated results

» Core elements

e Information transfer outside of class

e Classroom focused on student confusion
o Instructor acts as a facilitator

e Students learn through peer discussions



Peer Instruction

» After discussing a significant concept:
« Stop; ask ConcepTest question

e Steps:

. Question

. Thinking

. Individual answer
. Peer discussion

. Individual answer

oum A W N =

6. Instructor explanation
» Adjust lecture based on feedback



ConcepTest

A boat carrying a large boulder is floating in
a lake. The boulder is thrown overboard and
sinks to the bottom of the lake. Does the

level of the water in the lake (with respect
to the shore):

1. goup
2. go down, or
3. stay the same?



ConcepTest

Most of the mass accumulated by a tree to
go from a seed to a fully grown tree comes
from:

1. Nutrients in the soil
2. Water

3. Air

4. None of the above



How can technology help?

» Information collection

Collect student responses in classroom and
outside

» Information distribution
Deliver materials and information to students
» Information presentation

Discover connections between all the
different pieces of information that go with a
course



Steps in teaching a PI class

H W N =

. Prepare students

. Review student confusion before class

. Initiate discussions in class

. Use feedback from student responses to

moderate progress in class

. After class use feedback to assign

reading material for the next class



Reading assignments in ILT

Feadings * Cument Reading

Due: B/29/2003 at 11:59 PM
Status: Mot completed

1. Suppose that ohjects A and B are electrically charged and are observed to attract each other. Both
A and B are observed to attract a third object C. Is it true or false that these observations, if correct,
would imply the existence of three different kinds of charge? Explain your reasoning.

Answer:

2. Consider three charged particles carrying nonzero charges gl, g2, and g3. The vector sum of the
forces exerted by 1 and by 2 on 3 is zero. Is it true that (a) 3 must necessarily lie somewhere along
the line connecting 1 and 2 or (b) 3 must lie somewhere along that line, but only between 1 and 27
Answer:

3. Please tell us briefly what single point of the reading you found most difficult or confusing. If you
did not find any part of it difficult or confusing, please tell us what parts you found most interesting.
Answer:

» Students can answer the assignment when it is
available to them




Reading assignments in ILT

Calileo: Students

€3 hitp: / /www.deas.harvard.edu /galileo reading fassignments/specificassign® = QO Coogle

[l Yahoo! Mewsw ILT» DEAS~¥ Applev

Kay Downer NOTEBCOK | ALL ANSWERS | Create CT Responded 2/3/2002 at 4:23 pm

Student Response: The solutlon 1o "Electrostatic tug of war” og 23) s unclear. | don't really understand what the part {b) solution s
saying - i I just saying that when the particles are arranged so that the veclor sum on 1 is zero, then the vecter sum on 2 and on
3 is NOT zero? Or 5 there more 1o £ than that?

Grade: &

Maria Marzilli NOTEBCOK | ALL ANSWERS | Create CT Responded 2/4/2002 at 12:24 am

Student Response: The single poirt of the reading | found most dfficult were the sections about the resolution of electrostatic force
nto vectors and sUMMIng up various vectors to fnd the net electrostatic force on an object being attracted or rapelied Dy various
charge carriers.

Grade: 2

Eleanor Adams NOTEBOOK | ALL ANSWERS | Create CT Responded 2/4/2002 at 12:28 am

Student Response: Determining ine veclors of electrosiatc force when there are multiple charged paricles.

Grade: 2

NOTEBOOK | ALL ANSWERS | Create CT Responded 2/4/2002 at 1:04 am

Student Response: The question 2 on tris dentfied my confusion. I'm not sure f | understand the patterns necessary for particles
1o be in electrosiatic equiibrium.

Grade: &

paul mathieu NOTEBOOK | ALL ANSWERS | Create CT Responded 2/4/2002 at 1:39 am

Student Response: secton 26.6 and 26.7 coulomb's law, what s the subseript under the F? {Le eg 26.1)

Grade: &

1-10 of B7 Responses -"?- F=11 )

» Students’ work, face and names are all connected



Reading assignments in ILT

i & & 8 ILT: Respond to assignment

LT hitp: / fgemp.ded ALL ANSWERS | Create CT
Fleaze tell us briefly what single point of the reading wou found most difficult or confusing. If vou did not find any part of it difficult
Applzv Visualizat or confusing, please tall uswhat parts vou found most interesting.

From: Emilia Azare <eazared@fas.harvard. edus (rezponded)
. : Received: Fri, 21 Feb 2003 15:09:24 -0500

IEADING
[ | am confused about part b of Checkpoint 20.6 | don't really understand why there iz no electrostatic force between C and B. After further
reading, | figured that this is probably an equipotential line, but | don't really understand how e waold know that from the diagram.

RESFONSE

Flease tei Ta: Emilia Azare <eazare@fas.harvard.adu=
difficult o Subject:

See notel

Cear Emilia,

Edit or copy ower FACQ response:

"-(CT in class to address point) Reading assignment
'h(Lack of specifies) Reading assignment
*(Refening to question) Reading assignment
*(Section 28 1) wod-energy diagrams

Studerit ,a.n% ‘ﬁ(Section 28 2wk in nonuniform field
'ﬁ(Section 28.2) potential and sign of charge

At

ang Haope this helps,

Em 3 I ” N %
une | Eric Mazur Send without saving to FAQ |
rea

ung FAG

' Ha: Reduce ariginal response to simple question:

P2l " 'am confused about part b of Checkpoint 29.6 | don't really understand why there is
no electrostatic force between C and B. After further reading, | figured that this is
Kot | probably an equipotential line, but | don't really understand how we would know that
g-if int | from the diagram.

:hel Index quastion: (e.g., Section 10.2, Chechkpoint 5.7
; i

" Hide from students 1 lobal

F rE—
| Send & save to FAQ |



Peer Instruction in ILT

[I1 Yahoo! Newsv ILTv DEAS¥ Applev

[0 Yahoo! Newsv ILTv DEASv Apple¥

HOME READING LECTURES ASSIGNMENTS FORUMS NEWS HANDOUTS

L e FORUMS NEWS HANDOUTS

Courses » VU Gourse > Introduction > Add CT
EMAIL Courses » VU Course > Introduction 24 > Create CancepTest
Piesse select the CTs you want to sdd fe your lecture and click “Add to lecture”. You can aisn click “Generale sldes” to EMAIL
proguce slides of question selected. Yeu ean modify your Search er perferm a new Search using tne searcn losis en the =
ORI feft. You can change the view of tne CTs using the “Expand ai* or “Collapse alf* inks on the feft fo R AL
Ay COMING UP
218 Reading 204 Leeture 3
212 Assignment 0 219 Reading 0
Sef £ D e R o ) 5 .
0 DO sen B3 & Sort by: | Question text [ 3] (son’ B2 hesiErt0 Introductory text of your question
Compiete, profie L]
ﬁ = Physics > Introductory Electromagnetism > DC Circuits > CT: 3874 Complete pratie
- October 17, 2001 02:03:23 pm i
TOOLS 1. Consider two identical resistors wired in series. If there is an electric current through

Create new CT therbombl... TooLs “Upload image ... )
1. equal o 1 e
‘Generate slides

2. haif | Add elements to CT
Add 1o fecture... 3. smaller than, but ot necessarily haif | Delete elements from CT Text te appear after image.
Start new searcr o A = Physics > Introductory Electromagnetism > Magnetism > CT: 3983 | Preview CT =
Search within resuts. = October 1, 2001 00:00:00 am Pebt OT
. 2. A CuSOy solution is placed in a container housing coaxial cylindrical copper = = Correct?

Epche o 4 e J £ ) t 1 [ Multiple choice no. 1 P
Gollapse a1 electrodes QUICK LINKS

1. posttive.

2. negative Stucents _ . - Correct?

QUICK LINKS 3. both pesitive and negative. T 2 [Multiple choice no. 2 .
Students
1 7} (More choices ) (" Add choices in bulk )
S Sections
Sl = A 5z Physics > Introductory Electromagnetism > Magnetism > CT: 3980 ' Select Section | & 8 Text to appear after answer choices.
= October 1, 2001 00:00:00 am A
[ 0 3. A ballery establishes a steady current around the circuit below. A compass needle # d t i
Seleckisection= il is placed successi LI £ & 2002 Eric Mazur = Explanation of answer.

At Il = e Al fights reserved 8
2002 Eric Mazur 2.Q.R,P. s HepotS e
Al rights reserved 3R Q.P i ¥
Report a probiem

’Ug!uad explanatory image. )

Torire: Brysics = 3 Intradusinn Flartrmannatizm

» Pull in ConcepTest questions from a database
» Create new ones yourself and add to the database



Peer Instruction in ILT

1. A charged object is brought near an uncharged metal object. Negative charges
accumulate on the side of the uncharged object nearest to the charged sphere, positive
charges on the opposite side. On the uncharged metal object, the potential is

v
V7 / V7
e o / ++ 4
L—'—-Flf -\\\:I__ +-Ff l++
T G TR

1. largest on the positive side
2. largest on the negative side
3. largest in the middle

4. the same everywhere

Answer

2. A cylindrical piece of insulating material is placed in an external electric field, as shown.
The net electric flux passing through the surface of the eylinder is

¥ Internet zane

» Student view of lecture automatically created
» And published to students when specified



Peer Instruction in ILT

= In class students follow the
PI process

= Technology is useful in
collecting data

= Easy to do simple analysis
= But Severe limitations:
a) Restricted to multiple choice

b) No location information on
students

c) One way communication

d) Data is volatile, not linked to
rest of the course



Peer Instruction in ILT

& & & Calileo: Course Statistics ]

4610. Consider a reclangular Gaussian surface surrounding a dipole as \\ |
shown below. | ]
If the negalive charge is replaced by a positive charge of egual magnitude, the ~

» Upload PRS session ===

2. becomes zero.

-

- 3. becomes nonzero.
fl I es 4. cannot be determined withoul knowing more about the charges oulside the =~
reciangle.
5. Other.

J|
|
|

P
1
|

» Automatically ”
grade students for g
participation .

» Grade questions for I
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Face book

Milci Artiga | thought Lenz' law was the most interesting ~ 4/1/2003 9:04:51 0/ 1
art since it is

Laboratony 8 Tue 1:00:pm

P
priori, but the e

g et o™ Section § Wed 400:pm
|4 Lisa Simpson
%/ resta Fi11142222
1 cha j Isimpsoni@fas. harvard. edu
onfused! 2004 Farums: 4 posts
oot o economics Email: 26
es 2252002 Mo, of self-tests 1 zelftests
" PRS Unit L 0z4a Feading FAlQs: 1
Final grade: B
RiA CT FT L FE HE aT FE
GG 1M 202 aMa A0,40 20025 S5 2050
2l] patla] 242 a0 28135 1235 1515
Tl ksl 0z 35135 25135 18M8
s = 203 202 QM0 35435
(=Fi=] 202 10M0 25135
S 7 0/2 35435
5 21 212 SE e
s o 2f 35135
Ji=] =] 202
L] 211
]
% 505
]
E,B 10410
=R=]
L ala]
o 10410
i i
fis]
ji=]
5 110114
i =L]
e 2
s 123M3
119/126 132148 1418 avdn 27852845 59105 28138 29/E0
4840 29% TE% 93% 92% SE%D 100%G ES%D

FA: Reading assignments; CT: ConcepTests; PT: Pretest; L: Laboratony; PS: Problem Set; HE: Hour Exam; OT: Online Test; FE: Final Exam;

» By connecting every element of the course together

with the student, ILT makes it easier to get to "know” a

large class



» Fundamental problem in classes -
concepts not getting across to
students

» Small changes in the class can have
significant positive effect on
students learning

» Technology can help implement
pedagogical changes
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Useful Resources

» Old Project Galileo site (useful information on
education research):

» http://galileo.harvard.edu
» New Galileo site (updated ConcepTests and tools):
» http://www.deas.harvard.edu/galileo
» JiTT web-site:
» http://webphysics.iupui.edu/jitt/jitt.html
» Mazur Group papers & talks:
» http://mazur-www.harvard.edu/library
» Prof. Mazur’s Spring Physics course web-site:
» http://physicsl.harvard.edu
» Suvendra Nath Dutta contact info:
» Email: sdutta@deas.harvard.edu
» Phone: (617) 495-9616



