Flat space, deep learning
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Ownership of learning physics?






team & project-based approach
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Four tracks, all modeled after standard course for majors




Four tracks, all modeled after standard course for majors

(dont satisfy needs of non-majors)



Need to:

e align goals to students’ needs and expectations

e change the approach

e redesign the learning space



Setting learning goals

Grant Wiggins and Jay McTighe, Understanding by Design (Prentice Hall, 2001)



Backward design

desired
outcomes

Grant Wiggins and Jay McTighe, Understanding by Design (Prentice Hall, 2001)



Backward design

acceptable 4 desired
evidence outcomes

Grant Wiggins and Jay McTighe, Understanding by Design (Prentice Hall, 2001)



Backward design

instructional < acceptable 4 desired
approach evidence outcomes

Grant Wiggins and Jay McTighe, Understanding by Design (Prentice Hall, 2001)



Backward design
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CLASS ROOM

1st exposure deeper understanding

1 design 2 approach



1st exposure deeper understanding
1st exposure deeper understanding

1 design 2 approach






Three major components:
e information transfer (out of class)
¢ in-class activities

* projects

1 design 2 approach



Information transfer

social document annotation system

nb.mit.edu

1 design 2 approach



ormati
- i
| Q\\N’TER 28 \".-\a\:_\w'.\\ felds ol ".\\m\’;{‘\‘\ \mﬂ\\:\\'*k 0 m-.r'!'.\\'\x'\ Cons
o e chapis we 1o eeld sal purihe he Lo ohee o e othet e WE caw B gection 1.1 the
<t neiwe y e \‘.\\.\\‘\\ ol oY pet v yriv oS Atk &\\.\\1\\:: fort ALY y o0 @ Lu\nnl—-.'.\\\\.\\\\; Wittt v
the acewti= o & magne ¢ e s we o 1| se€ he am Y fe WAk ¢ ot z;‘w\\n\u\\ cany ndv
all TORE jam < due ¥ \;_\;\\ partt® Ay \\\“\n\ Gadud \\\m:\\\_‘_ At nak it the '.\'\.\;",\ut\;
whetl \\»m\\ﬂ AAO0E AT Tl it AnmnE apout field ¢ g 18- grrent arty 5 wire ¥ cam O the
o ke 5 MOV ag O w\";m\\'.\\‘ X ged P2 acke \'x.\;‘\\:\\\, el of mar? x Jridud ovIng chatEs
o o8¢ A \\.\-.:u.:\-.. feld od 1akes aotnet 1 ‘*n\t\:mc yd a0 1e psird the ma A A
\\\\\‘\.\\\3, ol '\'.\\\\*,\\; ohs TRk a \H.n (T | o {c e\ that ‘\."-\.u\\‘\“\"\ AOVIDE g t SaAL \e% LT fal AU
aEnt e\d We <hall Alst dvs nm\'.\\m\ Y \;\\\-\L\ e harees” par® WANE pat yiel V¢ gac phet
for ¢ ang ™ ygnel eld which pave \nEne Fgutt g 1) Lere ¥ L add on e an .'\\L\\,\\‘n, ma
.\\"\‘\\'\L.\\\um jpeie _\{\"{\'\\,\‘- \\\'M\\ \‘\.v,\\\'.\u and sy pele goree:® (et \atget el glecttt foteh
ments st r;n'\\\\\\\\ ; wel e \\\‘\“.“\‘.:“\\. (et won
,\\.‘\m\\v- on the slale ol otion O . chat®® part’
3 s ! £ & + A £ A AEs ') \\\‘\1\‘-\&\ \m.\.\ Ny O ues ".‘u'm\ A hatl
: " magnt .m\\ o S Ry cha ged \\.\\‘.\; Figats 2.\
a6 WE caw WD C pwapt® ], MAE int action® ™ of helWe™ o ¢ aiond chate d '\.n‘.\‘;\»; (T
A\aE 4ol W magh® curte 2 W WITE™ ant wre 1818} The “:\,’!“-.\\\u\\‘\\ e thad i ot
g chat®” y part cles Tl \ s es \DE \n_\';.\\\;\;a_\ v e ght e WY Vg o { magt
pave et n\\\\‘.‘:\-x o I rigut® <. T g B o Jplem= Wil s a5° .\\1\\\'«\\.\\
) on et \ m.u_:\".-;\m ‘\\\\\ evel \'\\'-.‘ » t\‘m\;\\ {41 t\\'\\‘& ol Witk k.“\\.\‘
LW nie .‘;‘.\u\\ cons 4ol CV end yokS yery L\'.\\.\_"'..' ¥ n\\\\\\.\'-‘n\
puTe magh® i\ m\\\'\.\'; Fgures” - 13 ant 1119} S
wiet 7w Gt s » Fion ,\.\.- £\ A
of mas! (o T8 aal
. ghoW® the mag es feld jne

i

nb.mit.edu

P
approach

1" design




Information transfer

L AeS o O
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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 4
moving via a current. Therefore, it meets their definition that it takes movin®
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 ...

2 approach
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In-class activities

1 design 2 approach



In-class activities

2 weekly 3-hour class periods

1 design 2 approach



In-class activities

blend of best practices

1 design 2 approach



In-class activities
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In-class activities




In-class activities

learning catalytics

tutorial

/— estimation activity

readiness assurance
reflection

experimental design

1 design 2 approach



In-class activities

learning catalytics

tutorial

/— estimation activity

readiness assurance
conceptual E reflection

u nderStand i ng experimental design
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In-class activities

learning catalytics

tutorial

/— estimation activity

mastery

readiness assurance

reflection

experimental design

1 design 2 approach



In-class activities
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In-class activities

learning catalytics
tutorial

estlmatlon activity

! ! readiness assurance
reflection

experimental design

-
(o]

PROJECT DAY
PROJECT DAY

2 approach




In-class activities

learning catalytics

tutorial

/— estimation activity

readiness assurance
reflection

experimental design

2/3 scaffolded, guided
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In-class activities

learning catalytics

tutorial
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In-class activities

learning catalytics

tutorial

/— estimation activity

readiness assurance
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experimental design
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In-class activities

learning catalytics

tutorial

/— estimation activity

readiness assurance

reflection

experimental design
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learning catalytics

2 approach




learning catalytics

goal: develop conceptual understanding

2 approach




learning catalytics

Eric Mazur | Harvard University | Log out

learning!catalytics

Courses Participate Review Classrooms Account Institutions Purchases Users Tour Help

optics i current session: 766079 | 69 students

€ Back to all lectures ™ Stop session [7]] Review results Seat map [ Show floating session ID #f Edit ~ Delete

o jumptn‘l’123“55?391(}11]213]415 o

4. direction Light enters horizontally into the combination of two perpendicular mirrors as shown below. @ Deliver [7] Show all results

Indicate the direction of the incident light after it reflects off of both mirrors.

‘q}@ feedback & support

1 design 2 approach



learning catalytics

Eric Mazur | Harvard University | Log out

itions Purchases Users Tour Help

current session: 766079 | 69 students

ap B Show floating session ID % Edit ~ Delete
678|910 11 12 13 | 14 || 15 o

andicular mirrors as shown below. == Deliver [T Show all results

‘q}@ feedback & support

2 approach



learning catalytics

Eric Mazur | Harvard University | Log out

itions Purchases Users Tour Help

current session: 766079 | 69 students

ap B Show floating session ID % Edit ~ Delete
678|910 11 12 13 | 14 || 15 o

andicular mirrors as shown below. == Deliver [T Show all results

‘q}@ feedback & support

2 approach



learning catalytics

learning! c;a/talytics

Courses Participate  Review Clag itions Purchases Users Tour Help

Eric Mazur | Harvard University | Log out

opticss current session: 766079 | 69 students

ap B Show floating session ID % Edit ~ Delete

‘ 6|78 9 10f 11 § 12 || 13 || 14 || 15 o

andicular mirrors as shown below. == Deliver [T Show all results

Round 1 M N

57 responses, 58% corract

e "';-_,-'

‘q}@ feedback & support
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learning catalytics

Eric Mazur | Harvard University | Log out

learning| c/a/talytics

Courses Participate  Review Clag itions Purchases Users Tour Help

opticss current session: 766079 | 69 students

ap B Show floating session ID % Edit ~ Delete

‘ 6|78 9 10f 11 § 12 || 13 || 14 || 15 o

andicular mirrors as shown below. == Deliver [T Show all results

Round 1 “ 1 E Round2 ~ 'l

57 responses, 58% corract 51 responses, 73% correct

«* B get it now
** 0 still don't get it

‘q}@ feedback & support

1 design 2 approach



tutorials
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tutorials

goal: address documented misconceptions

2 approach




3. 2
McDermott et al\, Tutorials in Mtroductory Physics
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estimation activity

2 approach




estimation activity

goal: develop qualitative reasoning skills

2 approach




“Estimate the amount of charge generated b
connecting a AA battery to a large capacitor.”

1 design 2 approach




experimental design activity

2 approach




experimental design activity

goal: develop experimental skills

2 approach
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homework reflection

2 approach




goal: develop problem solving

and metacognitive skills

homework reflection

2 approach
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phase goal

solve (at home/individual) skills developm nt

eflect (in class/team) metacognition

2 approach
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first two domains we will only evaluate the work you did before coming to ¢

Getting Started State the important information and summarize the pi
Note any assumptions you’re making.

Devise Plan Write down a plan of attack before diving into the sc
smaller, manageable segments. Identify which physical r

Execute Plan Carry out your plan, explaining each step in writing. Yol
Articulate your thought process at each step (including
clearly defined, and your diagrams should be labeled. If:
can complete this part in class with help from your team

Evaluate Plan Check each solution for reasonableness. There are man
the symmetry of the solution, evaluate limiting or
situations with known solutions, check units, use dimen
of magnitude of an answer. If you get stuck on this step
class with help from your team.

Reflection Clearly identify and explain any conceptual errors yc
worked on the problem alone, as well as any mechani
completed in class.

2 approach




4-step procedure

2 approach




individual evaluation

2 approach




team evaluation

2 approach
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“l was inspired and encouraged to do these
problems on my own with the promise of

collaborative work [the next day]”

2 approach




“| felt less pressure to find the right answer

and more freedom to explore”

2 approach




readiness assurance activity

2 approach




goal: formative assessment

collaborative learning

readiness assurance activity

2 approach
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learning catalytics

|| | & | | hups@ learningcaralytics.com

learning catalytics

Courses Questions Classrooms Licenses Tour HElFI

Brign Lukoff | Harvard University | Log out

Student view

session 500941

This Is the individual round; work on these questions on your own.
o Jumpra¥ 1 2 a °

numerical question

For the circuit shown at right, calculate the potential difference between points P and Q. (include units)

Current team: Blue Team L Change team Current seat: A1 2 Change seat B Send 3 message to the instructor 4= loin another session

© 2013 Learning Catalytics LLC

1 design 2 approach



learning catalytics .

¢ |ugeacec MO}
Brign Lukoff | Harvard University | Log out

| | & @ hops @ learningcaralytics.com

learning [catalytics

Courses Questions Classrooms Licenses Tour Help Student view

session 500941

This Is the individual round; work on these questions on your own.
o Jumpro¥ 1 2 B °

numerical question

For the circuit shown at right, calculate the potential difference between points P and Q. (include units)

L hange te Current seat: A1 2 Change seat B Send 3 message to the instructor 4= loin another session

| Institutions | Licenses | Lisers

© 2013 Learning Catalytics LLC
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8Doe learning catalytics ¥
[ | | |5 || 2] 3 bups @ learningcaralytics.com C I 0 | |

learning catalytics

Courses Questions Classrooms Licenses Tour HElFI

Brign Lukoff | Harvard University | Log out

session 500941
This Is the individual round; work on these questions on your own.

o Jump o ¥

numerical question

For the circuit shown at right, calculate the potential difference between points P and 7

m- Submit response

Current team: Blue Team 1 Change team Current seat: A1 |

© 2013 Learning Caralytics LLC

1 design 2 approach



ano learning catalytics

[ = || |E [ & | |3 hups @ learningcatalytics.com

Brign Lukoff | Harvard University | Log out

learning catalytics

Courses Questions Classrooms Licenses Tour HElFI

session 500941
This Is the individual round; work on these questions on your own.

o Jump o ¥

numerical question

For the circuit shown at right, calculate the potential difference between points P and

m- Submit response

Current team: Blue Team 1 Change team Current seat: A1 |

© 2013 Learning Caralytics LLC
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learning catalytics e
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Brian Lukoff | Harvard University | Log out

learning [catalytics

Courses Questions Classrooms Licenses Tour  Help Student view

session 500941

This is the team round. If you respond to a question, It will count for your entire team (you, Kleran jones, and Beth Connors). Only one member of your team
should respond to each question (otherwise it will count as multiple artempts).

Jumpw ¥ 1 2B °

: 1816V
Brian Lukoff  Kieran jones  Beth Connors

For the circult shown at right, calculate the potential difference between points P and Q. (include units)

- Submit response

1 design 2 approach



ano learning catalytics

| -q| |Q |r_;ri |'j§'| H hn;.-..u-..i; learmngcatﬁl-,,rti;:s..com : | |£|

Brian Lukoff | Harvard University | Log out

learning [catalytics

Courses Questions Classrooms Licenses Tour  Help Student view

session 500941

This is the team round. If you respond to a question, It will count for your entire team (you, Kleran jones, and Beth Connors). Only one member of your team
should respond to each question (otherwise it will count as multiple artempts).

Jumpw ¥ 1 2B °

IV 1.B2V 1816V
Brian Lukoff  Kieran jones  Beth Connors

Show my team's responses

9V 1.B2 V 1.B16 V
Brian Lukoff  Kieran Jones  Beth Connors

..........
---------
.........

- Submit response
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learning catalytics !

__ | & | hups @ learningcatalytics.com (@]

Brian Lukoff | Harvard University | Log out

learning [catalytics

Courses Questions Classrooms Licenses Tour  Help Student view

session 500941

This is the team round. If you respond to a question, It will count for your entire team (you, Kleran jones, and Beth Connors). Only one member of your team
dil count as multiple attempts).

Sorry, your response to Question 3 was not correct. ¢ can attempt this question 2 more times.
Jumpto ¥ 1 2 B
3 Show my team's responses

numerical gquestion

For the circult shown at right, calculate the potential difference between paints P and Q). (Include units)

W submit response

1/3 aumsstinnt amemated. 0/4 nascihle nolnre 2n far in team round @ Seoars derails

1 design 2 approach




ann learning catalytics

0|

|"' ||{"_.| |F""“ |ﬁ| 8 hups @ learningcaralytics.com H

learning | catalytics

Courses Questions Classrooms Licenses Tour  Help Student view

session 500941

This is the team round. If yo r!spund to a question, It will count for your entire team (you, Kleran jones, and Beth Connors). Only one member of your team
r I dil count as multiple artempts).

Sorry, your response to :Qusl:lnn 3 was not correct. Ye can attempt this question 2 more times.

Jumpto¥ 1 2 B °

3 Show my team's responses

This is the team round. If you respond to a question, it will count for your entire tean
should respond to each question {(otherwise it will count as multiple attempts).

Sorry, your response to Question 3 was not correct. You can attempt this question 2

W submit response

1/3 aumsstinnt amemated. 0/4 nascihle nolnre 2n far in team round @ Seoars derails

1 design 2 approach




learning catalytics

& | & hups @ learningcaralytics.com

Brian Lukoff | Harvard University | Log out

learning [catalytics

Courses Questions Classrooms Licenses Tour  Help Student view

session 500941

This is the team round. If you respond to a question, It will count for your entire team (you, Kleran jones, and Beth Connors). Only one member of your team
0 . . dil count as multiple attempts).

Your team answered Question 3 correctly!

Jumpto¥ 1 2 B

You have already answered this question cormecthyl

Question
For the circult shown at right, calculate the potential difference between paints P and Q. (include units)

Correct Answer
12V

1 design 2 approach




ann learning catalytics

0|

[ = || |E [ # | 3 hups @ learningcaralytics.com | |&4] |

learning [catalytics

Courses Questions Classrooms Licenses Tour  Help Student view

session 500941

This Is the team round. If yo r!spund to a question, It will count for your entire team (you, Kleran jones, and Beth Connors). Only one member of your team
dil count as multiple atempts).

Your team answered Question 3 correctly!

Jumpto¥ 1 2 B °

You have already answered this question cormecthyl

This is the team round. If you respond to a question, it will count for your entire tean
should respond to each question {(otherwise it will count as multiple attempts).

Your team answered Question 3 correctly!

Correct Answer
12V
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session 500941

This Is the team round. If you respond to a question, it will count for your entire team (you, Kieran Jones, and Beth Connors). Only one member of your team
should respond to each guestion (otherwise it will count as multiple attempts).

Your team answered Question 3 correctiy!

o Jumpto¥ 1 EB °

You have already answered this gquestion correctiyl

Question
For the circuit shown at right, calculate the potential difference between points P and Q. (include units)

Correct Answer

12V

questions attempted, 2/4 possib gints 50 far in team round @ Score details

Question Team Result
Mo response

Mo response

Correct (on attempt 2} 2

Current seat: A1 2 Change seat B Send a message 1o the instructor o s
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session 500941

This Is the team round. If you respond to a question, it will count for your entire team (you, Kieran Jones, and Beth Connors). Only one member of your team
should respond to each question (otherwise it will count as multiple attempts).

Your team answered Question 3 correctiy!

o Jumpto¥ 1 EB °

You have already answered this gquestion correctiyl

Question
For the circul shown at right, calculate the porenal afen 1/ 3 JUE@StiONS attempted, 2 /4 possible points so fal

Question Team Result Points
1 No response
2 Mo response

3 Correct (on attempt 2) 2
Total 2

gints 50 far in team round @ Score details
£ Current seat; A1 2 Change seat B Send a message to the instructor 4= Join another session

1 design 2 approach

Correct Answer

12V

questions attempted, 2/4 possib

Question Team Result

No response

Mo response

Correct (on attempt 2} 2

Current team: B0
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Eric Mazur

This video is about AP50

AP50

AP50

Eric Mazur

AP50
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Projects

e 3 projects/semester

e each project roughly one month long

e different team formation for each project
e projects not prescriptive, but open-ended

e 3 types of project “fairs”

1 design 2 approach



Projects

Project fair types:

e design competition
e oral presentation

e poster presentation

1 design 2 approach



Projects

To be successful, the projects must

e require practical application of skills
e be linked to real world problems

 have compelling narrative (help/do good)

1 design 2 approach
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AP50b Fall 2013

Peer Assessment

Team work is central in your projects and it is important to provide positive feedback to people who truly worked
hard for the good of the team and to also make suggestions to those you perceived not to be working as effectively
on team tasks. You may want to review the sections entitled on Teamwork and Peer Assessment in the syllabus to
refresh your memory on why we stress teamwork and how to maximize the benefit from work together. Please
complete the form below to assess your own contributions and those of your team members.

Complete the paper based form, then enter the data online at: http://bit.ly/AP50Teameval

How we will use your evaluation: In computing the (multiplicative) weight we give to your team scores, we will
take into account:

1. Yourteam members’ assessment of your contributions,

2. the quality of your self assessment (that is, how well it matches that of your team members’ evaluation of
your contribution), and

3. the quality of your assessment of your team members (that is, how well it matches the evaluations of that
team member’s contribution by the remainder of the team).

Please first complete the individual forms for each team member (including yourself), then complete the table
below. When completing the table below, be sure that the total of all relative contributions must be zero.

RELATIVE CONTRIBUTION
Total must equal ZERO

Below Average | Average | Above average
Name -3 | -2 | -1 0 1 2 3
Me
Member 1
Member 2
Member 3
Member 4
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Assessment

e self-directed learning
e learning goals
e teamwork

e professionalism
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Assessment

e self-directed learning — NB & problem sets
e learning goals
e teamwork

e professionalism
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Assessment

e self-directed learning — NB & problem sets
e learning goals — RAA & project reports
e teamwork

e professionalism
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Assessment

e self-directed learning — NB & problem sets
e learning goals — RAA & project reports
e teamwork — project & peer assessment

e professionalism
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Assessment

e self-directed learning — NB & problem sets
e learning goals — RAA & project reports

e teamwork — project & peer assessment

e professionalism — participation, punctuality

& engagement
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Ownership
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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.
| 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
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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. | 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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Conceptual Mastery
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Conceptual Mastery
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Conceptual Mastery
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(o))
o

CSEM

o)
o
I

normalized gain (%)
w ey
o o
| |

N
o

2 approach 3 results




Conceptual Mastery
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Can create ownership of learning physics!
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Can cr ““ ‘sics!
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"you come out with so much know-

ledge and experience and fun”
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Support
Cherry Murray

Course planning
Kelly Miller

Orad Reshef
Co-instructor

Carolann Koleci
Teaching staff

Kelly Miller

Orad Reshef
Michael Moebius
Sally Kang

Logistical support

Anas Challah

Peter Kjeer

Jordan Stephens
Wolfgang Rueckner
Nils Sorensen

Education Research

Marcelo Barros
Messias Borges-Silva
Brian Lukoff

Kelly Miller

Alvaro Neves

Julie Schell

Laura Tucker

Fauzy Wan

Junehee Yoo
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Support
Cherry Murray

Course planning
Kelly Miller

Orad Reshef
Co-instructor

Carolann Koleci
Teaching staff

Kelly Miller

Orad Reshef
Michael Moebius
Sally Kang

Logistical support

Anas Challah

Peter Kjeer

Jordan Stephens
Wolfgang Rueckner
Nils Sorensen

Education Research

Marcelo Barros
Messias Borges-Silva
Brian Lukoff

Kelly Miller

Alvaro Neves

Julie Schell

Laura Tucker

Fauzy Wan

Junehee Yoo

and the students pioneers in AP50!
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for a copy of this presentation:

mazur.harvard.edu

Follow me! l eric_mazur
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