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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

(don’t 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)
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Backward design

Grant Wiggins and Jay McTighe
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course goals




content-specific goals




http://bit.ly/ap50visitor
















1 design 2 approach



1st exposure deeper understanding
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Three major components:
e information transfer (out of class)
¢ in-class activities

* projects
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Information transfer

social document annotation system

nb.mit.edu
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Information

nb.mit.edu
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Information tran

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 ...
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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




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
conceptual E reflection

u nderSta I‘ld i ng experimental design
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In-class activities

learning catalytics

tutorial

/— estimation activity

mastery

readiness assurance

reflection

experimental design
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In-class activities

learning catalytics

tutorial

/— estimation activity

readiness assurance
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In-class activities

learning catalytics
tutorial
/— estimation activity
readiness assurance
reflection
experimental design
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learning catalytics
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learning catalytics

goal: develop conceptual understanding
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tutorials
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tutorials

goal: address documented misconceptions
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McDermott et a
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McDermott et a

1 design 2 approach



estimation activity
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estimation activity

goal: develop qualitative reasoning skills
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“Estimate the amount of charge generated b
connecting a AA battery to a large capacitor.”
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experimental design activity
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experimental design activity

goal: develop experimental skills

2 approach
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homework reflection
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goal: develop problem solving

and metacognitive skills

homework reflection

2 approach
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phase goal

solve (at home/individual) skills development

eflect (in class/team) metacognition
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Problem Set Rubric
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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 mechanit
completed in class.
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4-step procedure

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]”
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“| 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
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Eric Mazur

This video is about AP50

AP50

AP50

Eric Mazur

AP50

AP50




Projects
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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”
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Projects

Project fair types:

e design competition
e oral presentation

e poster presentation
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Projects

To be successful, the projects must

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

e have compelling narrative (help/do good)
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Projects

Fall Spring
Rube Goldberg Environment
Mission to Mars Safe cracking
Musical Instrument Energy
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Projects

Week 1 team formation

1 design 2 approach



Projects

Week 1 team formation
project brief

1 design 2 approach



Projects
Week 1 team formation

project brief
Week 2 proposal review
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Projects

Week 1 team formation
project brief
Week 2 proposal review

planning begins
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Week 1 team formation
project brief

Week 2 proposal review
planning begins

Week 3 increased planning time
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Week 1 team formation
project brief

Week 2 proposal review
planning begins

Week 3 increased planning time

Week 4 project fair
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Projects

Week 1 team formation
project brief
Week 2 proposal review

planning begins
Week 3 increased planning time
Week 4 project fair

project report
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Projects

Week 1 team formation
project brief
Week 2 proposal review
planning begins
Week 3 increased planning time
Week 4 project fair
project report
peer assessment
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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

2 approach




Assessment

o 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

1 design 2 approach



Assessment

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

e teamwork — project & peer assessment

e professionalism — participation, punctuality

& ethics

1 design 2 approach



Assessment

[ self-directed learning ]

[ learning goals ]

[ team work ]

[ professionalism ]
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Assessment

Scale: 3-0

[ self-directed learning ]

[ learning goals ]

[ team work ]

[ professionalism ]
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Assessment

Scale: 3-0
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Assessment

lowest table
score lookup
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Ownership
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Ownership

Course evaluation: 4.2/5

2 approach 3 results




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-
iIngs and concepts in order to contribute to your

2 approach 3 results



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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Ownership

“l don’t think | am well enough to make
it through class. | feel terrible because |
don’t want to let my team down by not
being there, but | don’t think I'd be very
helpful in my current state.”

(via email)

2 approach 3 results




Self-efficacy
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Self-efficacy

(students’ belief in their ability to succeed)
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Self-efficacy
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Self-directed learning
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Self-directed learning

NB data shows:

e student spend on average 2.3 hrs/chapter

e 160-230 annotations/chapter (5-7/stu)
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Self-directed learning
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Conceptual Mastery
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Conceptual Mastery
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“Problem-solving” ability

2 approach 3 results




“Problem-solving” ability

(very preliminary)
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“Problem-solving” ability

(very preliminary)

AP50b students do twice as well as Phys11b!
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Team skills
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Team skills
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Team skills

individual: 4%
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Team skills

individual: 4%
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Team skills

individual: 4%
team: 64%
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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
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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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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! . eric_mazur
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