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Ownership of learning physics?





team & project-based approach
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COURSE(GOALS(

!
After!successful!completion!of!this!course,!you!will!be!able!to…!(within!the!context!of!introductory!physics)

!

!
1.!Engage!in(self8d

irected(learning!by:!

• identifying!and!addressing!your!own!educational!needs!in!a!changing!world,!including!awareness!of!

personal!attributes,!fluency!in!use!of!information!sources,!planning,!and!problem!solving!!

• using!independent!study!and!research!to!tackle!problems,!especially!illA
defined!or!openAended!ones.!

• using!a!variety!of!techniques!to!get!a!handle!on!problems:!represent!the!problem!visually!or!graphically,!

perform!order!of!magnitude!estimates,!use!dimensional!analysis!a
nd!proportional!reasoning,!recognize!

symmetries,!evaluate!limits,!and/or!relate!the!problem!to!cases!with!known!solutions!

• explaining!and!justify!a
ny!assumptions!made!!

• “thinking!critic
ally,”!b

oth!positive
ly!and!negatively,!about!any!situ

ation!or!the!solutions!to!any!problem.!

• evaluating!the!correctness!of!a!solution!

!
2.!Demonstrate!content(mastery(by:!

• meeting!the!content!learning!goals!specified!in!the!project!briefs!

• applying!your!knowledge!of!physics!
to!solve!problems!

• taking!data,!analyzing,!and!interpreting!them!

!

3.!Engage!in!productive!team(work!by:!

• contributing!effectively!in!a!variety!of!roles!on!diverse!teams.!

• conveying!information!and!ideas!effectively,!using!written,!oral,!and!visual!and!graphical!communication.!

!
4.!Exhibit!professionalism!in!your!conduct!by!

• acting!in!a!manner!that!is!re
spectful!to!your!teammates!and!the!teaching!staff!!

• being!punctual!and!participating!fully!in!all!classroom!activiti
es!!

• taking!decisions!and!executing!actions!that!are!fair!and!honest,!and!that!are!consistent!with!accepted!

standards!of!conduct.!

!
The!activiti

es!in!AP50!are!designed!to!contribute!to!the!development!of!the!following!general!competencies:!

● Qualitative( Analysis:! The! ability! t
o! analyze! and! solve! problems! in! science! and! engineering! and! other!

disciplines! qualitatively,! including! estimation,! analysis! w
ith! uncertainty,! and! qualitative! prediction! and!

visual!thinking.!!

● Quantita
tive(Analysis:!The!ability!to

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

disciplines! quantitatively,! including! use! of! appropriate! tools,! quantitative!modeling,! numerical! problem!

solving,!and!experimentation.!!

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

identification,!formation!and!testing!of!a!hypothesis,!and!recommending!solutions.!

● Design:! The! ability! to! develop! creative,! effective! designs! that! solve! real! problems! though! concept!

creation,!problem!formulation,!application!of!other!competencies,!balancing!tradeoffs,!and!craftsmanship!

and!which!integrate!knowledge,!beliefs!and!modes!of!inquiry!fro
m!multiple!and!diverse!fields!of!study.!!

● Teamwork:! The!ability! t
o! contribute!effectively! in! a! variety!of! roles!on! teams,! including! diverse! teams,!

while! respecting! everyone’s! contributions.! You! will! develop! collaborative! skills!
that! may! include!

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

● Communication:! The! ability! t
o! convey! information! and! ideas! effectively,! using!written,! oral,! and! visual!

and!graphical!communication.!!

competencies
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interaction

student-centered



no lectures
no exams
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CLASS ROOM

1st exposure deeper understanding

ROOM

1st exposure deeper understanding

CLASS



1  information transfer



turn out-of-class component

also into a social interaction!

Solution

1  information transfer



Perusall
every student prepared for every class

1  information transfer



social learning platform

1  information transfer



log in through social network

1  design                            2   approach



1  information transfer



see who is online

1  information transfer



highlighting text…

1  information transfer



…opens chat window

1  information transfer
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1  information transfer



use combination of 

intrinsic and extrinsic motivation drivers 

1  information transfer



rubric-based assessment

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)

• timeliness (before class)

• distribution (not clustered)

over 20,000 

annotations!
1  information transfer
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• 1 project/month (6 over 2 semesters)

• new team formation for each project

1  information transfer         2   projects



Projects

To be successful, the projects must

• require practical application of skills

• be linked to real world problems

• have compelling narrative (help/do good)

1  information transfer         2   projects



Projects

 Fall Spring

 Drag Race Ecotricity

 Rube Goldberg Crack-a-Thon

 Symphosium inSPECT Fair
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 Rube Goldberg Crack-a-Thon
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This video is about El Sistema

Eric Mazur

LandPhilharmonic

El Sistema

LandPhilharmonic





Projects
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Projects

Build a beautifully sounding instrument 
from recycled parts
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Projects

Build a beautifully sounding instrument 
from recycled parts

• musical range
• Q-factor
• harmonic spectrum
• sound level
• tuning stability
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Projects

Milestones:

• team contract

• proposal

• fair

• report

• team, peer, and self assessment
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Milestones:

• team contract (at beginning)

• proposal

• fair

• report
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Projects

Milestones:

• team contract (at beginning)

• proposal (+1 week)

• fair

• report

• team, peer, and self assessment
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Projects

Milestones:

• team contract (at beginning)

• proposal (+1 week)

• fair (+3 weeks)

• report

• team, peer, and self assessment
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Projects

Milestones:

• team contract (at beginning)

• proposal (+1 week)

• fair (+3 weeks)

• report (+1 week +3 days for revision)

• team, peer, and self assessment
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Projects

Milestones:

• team contract (at beginning)

• proposal (+1 week)

• fair (+3 weeks)

• report (+1 week +3 days for revision)

• team, peer, and self assessment (at end)

1  information transfer         2   projects



1  information transfer         2   projects


This video is about Flute Capacitor

Eric Mazur

Flute Capacitor

El Sistema

Flute Capacitor
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competition instead of

social good/empathy as motivator
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2 weekly 3-hour class periods

1  information transfer         2   projects         3   in-class activities



Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
p

ly
u

n
d

er
st

an
d

ev
al

u
at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min

blend of 6 scaffolded “best practices”
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Course outcomes

• self-directed learning

• content learning goals

• teamwork

• professionalism 



Content learning goals



Content learning goals

conceptual mastery
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Content learning goals

exam problem performance
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exam problem performance
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Self directed learning



Self directed learning



Self directed learning

close to 95%!



Self directed learning

81% spend 2–6 hrs/wk reading



Self directed learning

“I think the Perusall app and annotation 

system is way better than just reading a text-

book normally… I’ve been reading for almost 

four hours now and haven’t gotten bored”
 



Self directed learning



Self directed learning

25 pages!



Teamwork



Teamwork

question



Teamwork

question

4 points
correct

attempt 1
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question

4 points
correct

attempt 1

incorrect

2 pointsattempt 2

1 pointsattempt 3



Teamwork

question

4 points
correct

attempt 1

incorrect

2 pointsattempt 2

1 pointsattempt 3

solution revealed 0 points



Teamwork

number of team members correct in individual round
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Teamwork

“We were all very committed to pulling our 

own weight, so when someone knew they 

hadn’t done as much work on one part, they 

volunteered to take on more the next time”



Teamwork

“I think the fact that we all had experience 

working in groups like these was very help-

ful especially since we had less time to form 

team identity given the shorter time frame of 

this project.  We all recognized each others’ 

strengths and weaknesses without needing to 

spell them out, and I think we capitalized on 

those effectively throughout the project.”



Professionalism



Professionalism

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



Ownership



Ownership

Course evaluation: 3.9–4.2/5 



Ownership

“The structure of the class made what was my 

least-favorite subject into one of my favorites.



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!!!!!!”



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.”



Ownership

3 hours and they don’t leave!



Ownership

self-efficacy



Ownership

self-efficacy
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Can create ownership of learning physics!



Can create ownership of learning physics!fun!



”you come out with so much knowledge

and experience and fun”



for a copy of this presentation:

ericmazur.com

additional information:

bit.ly/ap50visitor         perusall.com

Follow me!            @eric_mazur




