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1  design

Need to:

• align goals to students’ needs and expectations

• change the approach

• redesign the learning space



Setting learning goals
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Grant Wiggins and Jay McTighe, Understanding by Design (Prentice Hall, 2001)
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COURSE(GOALS(

!
After!su

ccessf
ul!completion!of!this!course,!yo

u!will!be!able!to…!(within!the!context!of!introductory!physics)!

!
● Use!independent!study!and!resea

rch!to!tackle
!a!problem!

● Apply!the!scien
tific!m

ethod!to!advance!your!knowledge!and!to!design!viable!methods!of!investiga
tion!

● Use!a!v
ariety!

of! techniques! to!get!a
!handle!on!problems:! represent! the!problem!visually!or!grap

hically,!

perform!order!of!magnitude!estim
ates,! u

se!dimensional! analysis!
and!proportional! reas

oning,! reco
gnize!

symmetries,
!evaluate!lim

its,!an
d/or!relat

e!the!problem!to!cases!
with!known!solutions!

● Set!up,!solve,!an
d!interpret!rel

evant!equations!!

● Know!how!to!evaluate!the!correctn
ess!of!a!solution!

● Explain!assumptions!made!in!a!model!and!know!how!to!justify!a
ny!approximations!made!

● Analyze!a
!system

,!explain!why!it!works,!an
d!how!to!optimize!performance!

● Use!information!to!build!a!case
!for!a!specific!d

esign!or!measurement!!

● Describe!how!a!measurement!is!performed!and!the!limitations!of!the!measuring!instruments!

● Use!software!to!control!simple!experiments!and!accumulate!data!!

● Analyze!d
ata,!id

entify!so
urces!of!uncertain

ty,!and!minimize!measurement!error!

● Reflect!
on!the!resu

lt!of!a!measurement!in!order!to!develop!refinements!to!it!

● Synthesize!t
he!data!into!coherent!reports!and!presentations!

!
In!addition!to!these!co

urse!go
als,!th

ere!ar
e!contentBspecific!l

earning!goals!for!each
!project.!T

hese!co
ntentBspecific!

learning!goals!will!be! specified
!on! the! introductory!handout! for!each

!project.!T
he!course!an

d! learning!goals!will!

form!the!basis!fo
r!asses

sment!in!this!course.(

!
AP50!is!a

lso!designed!to!contribute!to!the!development!of!the!following!competencies:!

!
● Qualitative( Analysis:! Th

e! ability! to
! analyze!

and! solve! problems! in! scien
ce! and! engineering! and! other!

disciplines! qualitativ
ely,! in

cluding! estim
ation,! analysis!

with! uncertain
ty,! an

d! qualitativ
e! prediction! and!

visual!thinking.!!

● Quantitative(Analysis:!Th
e!ability!to

!analyze!a
nd!to!solve!problems!in!science!and!engineering!and!other!

disciplines! quantitative
ly,! including! use! of! appropriate! t

ools,! quantitative
!modeling,! numerical!

problem!

solving,!and!experimentation.!!

● Diagnosis:( The! ability! to! identify! and! resolve! problems! within! complex! system
s! through! problem!

identificati
on,!formation!and!testin

g!of!a!hypothesis,!a
nd!recommending!solutions.!

● Design:! The! ability! to
! develop! creat

ive,! e
ffectiv

e! designs! that! solve! re
al! problems! though! concept!

creatio
n,!problem!formulation,!applicatio

n!of!other!competencies,!b
alancing!tradeoffs,!an

d!crafts
manship!

and!which!integrat
e!knowledge,!beliefs!a

nd!modes!of!inquiry!fro
m!multiple!and!diverse!

fields!of!study.!!

● Teamwork:! Th
e!ability! to

! contribute!effe
ctively

! in! a! var
iety!of! roles!on! team

s,! including! diverse!
teams,!

while! respecting! everyo
ne’s! contributions.! You! will! develop! collaborative!

skills!
that! may! include!

questioning,!liste
ning,!and!identifying!multiple!approaches!and!points!of!view

.!

● Communication:! The! ability! to
! convey! in

formation! and! ideas! ef
fective

ly,! using!written,! oral,! an
d! visual!

and!graphical!co
mmunication.!!

● Lifelong( Learning:! The!ability! to
! identify! an

d!address! y
our!own!educational!needs! in! a! changing!world,!

including! awareness! of! personal! attr
ibutes,! fl

uency! in! use! of! information! sources,! p
lanning,! and! selfB

directed
!learning.!The!ability!to

!“think!critic
ally,”!b

oth!positively
!and!negativ

ely,!ab
out!any!situation!or!the!

solutions!to!any!problem.!

(

(
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Learni
ng&Obj

ective
s&

!
After!c

omple
ting!th

is!proj
ect!an

d!the!a
ssocia

ted!re
ading,

!class!a
ctivitie

s,!prob
lem!se

ts,!and
!readin

ess!

assura
nce!ac

tivities
,!you!w

ill!be!a
ble!to:

!

!
• Design

!and!co
nduct!

origina
l!proje

ct!wor
k!

• Comm
unicat

e!idea
s!and!r

esults!
persua

sively!
and!ef

fective
ly!

• Develo
p!mult

iple!m
ethods

!of!app
roachi

ng!a!d
esign!p

roblem
!

• Analyz
e!sour

ces!an
d!mag

nitude
s!of!er

ror!

• Evalua
te!the!

validit
y!of!yo

ur!team
’s!resu

lts!

!
I:&Elect

ric&Inte
raction

s&

!
• Condu

ct!fund
ament

al!expe
riment

s!in!ele
ctrosta

tics!an
d!expl

ain!the
!result

ing!exi
stence

!of!the
!

electro
static!

intera
ction!a

nd!the
!two!ty

pes!of
!charg

e.!

• Explain
!quant

ization
!and!co

nserva
tion!of

!charg
e.!

• Descri
be!the

!obser
vation

s!supp
orting

!the!qu
antiza

tion!an
d!cons

ervatio
n!of!el

ectric!
charge

.!

• Define
!and!g

ive!exa
mples

!of!ins
ulator

s!and!c
onduc

tors.!

• Descri
be!how

!the!ch
arge!c

arriers
!behav

e!in!in
sulato

rs!and
!condu

ctors.!

• Explain
!polari

zation
!and!h

ow!it!g
ives!ris

e!to!an
!electr

ic!forc
e!on!a

!neutr
al!obje

ct.!

• Descri
be!wh

at!hap
pens!o

n!the!a
tomic!

level!w
hen!a!

condu
ctor!(in

sulato
r)!is!po

larized
.!

• Descri
be!and

!explai
n!the!p

rocess
!of!cha

rging!b
y!indu

ction.!

• Use!Co
ulomb

's!law!
to!calc

ulate!o
r!estim

ate!the
!electr

ic!forc
e!that!

a!given
!charg

ed!par
ticle,!o

r!charg
e!

distrib
ution,!

exerts
!on!a!c

harged
!partic

le.!

• Explain
!the!co

ndition
s!in!wh

ich!Co
ulomb

's!law!
is!valid

.!

• Explain
!what!

a!field
!is!and

!give!e
xampl

es!of!s
calar!a

nd!vec
tor!fie

lds.!

• Draw!v
ector!f

ield!di
agram

s!for!a
!simple

!distrib
ution!o

f!charg
ed!par

ticles.!

• Descri
be!a!ve

ctor!fie
ld!by!m

eans!o
f!vecto

r!diagr
ams!an

d!vect
or!fun

ction!e
xpress

ions.!

• Define
!and!e

xplain
!the!el

ectric!
field.!

• Explain
!the!di

fferen
ce!bet

ween!
the!ele

ctric!fi
eld!co

ncept!
and!th

e!insta
ntaneo

us!“ac
tionQat

QaQdist
ance”!

formu
lation.

!

• Explain
!the!su

perpo
sition!

princip
le!and

!apply
!it!to!d

eterm
ine!the

!electr
ic!field

!create
d!by!a

!given!

charge
!distrib

ution.!

• Compu
te!the

!force!
exerte

d!on!a
!charg

ed!or!u
ncharg

ed!obj
ect!in!

an!ele
ctric!fi

eld!an
d!desc

ribe!th
e!

resulti
ng!mo

tion!of
!the!ob

ject.!

• Calcul
ate!the

!electr
ic!field

!produ
ced!by

!a!give
n!char

ge!dist
ributio

n.!

• Descri
be!the

!differ
ence!b

etwee
n!perm

anent!
and!in

duced
!dipole

s!and!t
heir!m

otion!i
n!an!e

lectric
!field.!

!

• Compu
te!the

!electr
ic!dipo

le!mom
ent!fo

r!a!cha
rge!co

nfigura
tion.!!

• Descri
be!the

!force!
and!to

rque!e
xerted

!on!a!d
ipole!b

y!an!el
ectric!

field!

&
II:&Gau

ss’&Law
&

&
• Draw!e

lectric
QfieldQl

ine!dia
grams

!for!a!g
iven!ch

arge!d
istribu

tion.!

• Obtain
!inform

ation!a
bout!t

he!ele
ctric!fi

eld!an
d!char

ge!dist
ributio

n!from
!the!fie

ld!line
s.!

• Define
!and!e

xplain
!the!co

ncept!
of!field

!line!d
ensity

!and!re
late!it!

to!the
!magn

itude!o
f!the!f

ield.!

• Quant
ify!the

!field!l
ine!flu

x!throu
gh!a!gi

ven!su
rface!t

o!the!c
harge!

distrib
ution,!

or!the
!field!l

ine!dia
gram.!

• Relate
!the!fie

ld!line
!flux!th

rough!
a!close

d!surfa
ce!wit

h!the!c
harge!

within
!that!s

urface
.!

• Obtain
!inform

ation!a
bout!t

he!dire
ction!a

nd!ma
gnitud

e!of!an
!electr

ic!field
!from!

the!sy
mmet

ry!of!t
he!

charge
!distrib

ution!c
reating

!the!fie
ld.!
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calculus-based textbook — Pearson (2014)
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Content

1 Foundations
2 Motion in one dimension
3 Acceleration
4 Momentum
5 Energy
6 Principle of relativity
7 Interactions
8 Force
9 Work
10 Motion in a plane
11 Motion in a circle

12 Torque
13 Gravity
14 Special relativity
15 Periodic Motion
16 Waves in one dimension
17 Waves in 2&3 dimensions
18 Fluids
19 Entropy
20 Energy transferred thermally
21 Degradation of energy



Prin
ciPle

s  &  Pract ice  of

Physic
s

e r i c  M a z u r

1  design

Content

22 Electric interactions
23 The electric field
24 Gauss’s law
25 Work and energy in electro-

statics
26 Charge separation and storage
27 Magnetic interactions
28 Magnetic fields of particles 

in motion

29 Changing magnetic fields
30 Changing electric fields
31 Electric circuits
32 Electronics
33 Ray optics
34 Wave and particle optics



1  design



1  design                            2   approach

CLASS ROOM

1st exposure deeper understanding
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Three major components:

• information transfer (out of class)

• in-class activities

• projects
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Information transfer

social document annotation system

nb.mit.edu



Information transfer
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nb.mit.edu



Information transfer
Student 1 – 25 Feb, 04:55PM
Yeah, this is where I’m confused. From the first paragraph: “It takes a moving or 
spinning charged particle to create a magnetic field...” however there is no obvious 
motion of charged particles in a piece of magnetic material (bar magnet for exam-
ple?). How does this reconcile?
 
Student 2 – 26 Feb, 08:29PM
Maybe they are trying to say that there is no OBVIOUS motion, but they are in fact 
moving via a current. Therefore, it meets their definition that it takes moving par-
ticles to create a magnetic field
 
Student 3 – 2 Mar, 09:00AM
I agree that the motion is not “obvious” in that it is not visible to the naked eye. The 
cause must be atomic.
 
Student 2 – 2 Mar, 11:37AM
Oh the answers to this question kind of address my question above - I guess there 
isn’t a force if the particle is stationary, but since even when an object is stationary 
(thus no obvious motion), there is a magnetic force. It’s when everything, including 
the particles, are stationary that there is no obvious motion.
 
Student 4 – 4 Mar, 01:05PM
Is there ever a situation in reality where everything, even the particles are not ...
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over 1,000

annotations

in one lecture!
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In-class activities
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In-class activities

2 weekly 3-hour class periods
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In-class activities

blend of best practices
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In-class activities

blend of best practices

learning catalytics

reflection rea
din

ess
 as

sur
anc

etutorialsestimation

experimental design
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In-class activities

learning catalytics

tutorial

estimation activity

readiness assurance

reflection

experimental design
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In-class activities

learning catalytics

tutorial

estimation activity

readiness assurance

reflection

experimental design

conceptual
understanding
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In-class activities

learning catalytics

tutorial

estimation activity

readiness assurance

reflection

experimental design

mastery
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experimental design
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2/3 scaffolded, guided
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In-class activities

learning catalytics

tutorial

estimation activity

readiness assurance

reflection

experimental design

1 2 3 4 5 6 7 8 9

PR
O

JE
C

T 
D

A
Y

PR
O

JE
C

T 
D

A
Y

10 11 12 13 14 15 16 17 18

1/3 unguided
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Projects
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Projects

• 3 projects/semester

• each project roughly one month long

• different team formation for each project

• projects not prescriptive, but open-ended

• 3 types of project “fairs”
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Projects

 Fall Spring

 Rube Goldberg Environment

 Mission to Mars Safe cracking

 Musical Instrument Energy



Wed Apr 10 • 2–5 pm • Pierce 301

CRACK-A-THON

AP50
1  design                            2   approach
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Assessment

• reading — quality of NB contribution

• problem solving — effort & self-assessment

• readiness assurance — indiv. & team scores

• projects — meeting project criteria
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Ownership

Course evaluation: 4.2/5 
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Ownership

“The structure of the class made what was my 

least-favorite subject into one of my favorites.
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Ownership

“The structure of the class made what was my 

least-favorite subject into one of my favorites. 

I was worried that people, including myself, 

would just slack off and do the bare minimum, 

but you really need to be on top of your read-

ings and concepts in order to contribute to your 

team. GREAT CLASS!!!!!!”
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Ownership

“Dear Harvard students, this class will be un-

like any class you’ve taken at Harvard, and it 

will, hopefully, shift the entire foundation upon 

which you’ve based your education. I truly be-

lieve everyone should take this course; prepare 

to take full ownership of your learning.”
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Ownership

Attendance: 94% (AP50a), 97% (AP50b)
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Ownership

Attendance: 94% (AP50a), 97% (AP50b)

3 hours and they don’t leave!
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Self-directed learning
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Self-directed learning

NB data shows:

• student spend on average 2.3 hrs/chapter

• 160–230 annotations/chapter (5–7/stu)
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Self-directed learning
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Self-directed learning

“I think I am having a little too much fun 

annotating in the text...     It is a great way 

to communicate throughout the class!”
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Content mastery

• FCI normalized gain 0.56

• Problem solving ability on par or better
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Can create ownership of learning physics!
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”you come out with so much know- 

ledge and experience and fun”
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where does AP50 fit?
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Intro physics course matrix

AP50a AP50b AP50a AP50b

Fall

PS2

PS12b

P15a

P15b

Spring

PS3

PS12a

P15b

P15a

Fall

PS2

PS12b

P15a

P15b

Spring

PS3

PS12a

P15b

P15a

Bio, BioChem (premed) concentrators

Science and engineering (pre)concentrators

Science and engineering (pre) concentrtors

Physics, Chem/Phys, and Astro concentrators

Physics, Chem/Phys, and Astro concentrators
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some food for thought

• should AP50 be listed on physics page?

• do we offer too many tracks?

• is AP50 okay for physics concentrators?
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Some points in closing

• UMich implementation

• SEAS documentary

• Come visit! 



1  design                            2   approach                   3   results

for a copy of this presentation:

mazur.harvard.edu

Follow me!            eric_mazur




