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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 < desired
evidence outcomes

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



Backward design

instructional < acceptable < desired
approach evidence outcomes

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



competencies




course goals




* self-directed learning
e content mastery
e team work

e professionalism



content-specific goals
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1st exposure deeper understanding
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1st exposure deeper understanding
1st exposure deeper understanding
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Three major components:
e information transfer (out of class)
® projects

e in-class activities

1 design 2 approach
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how to effectively transfer information outside classroom?

SN0
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but...
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e transfer pace set by video
® viewer passive
e viewing/attention tanks as time passes

e isolated/individual experience

1 design 2 approach



we’'re simply moving this outside classroom!

1 design 2 approach



1 design 2 approach



ERIC MAZUR

2 approach




e transfer pace set by reader

e viewer active

1 design 2 approach



but...
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isolated/individual experience &

no real accountability

1 design 2 approach



want:

every student prepared for every class
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want:

every student prepared for every class

(without additional instructor effort)

1 design 2 approach



Solution

turn out-of-class component

also into a social interaction!
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Perusall

every student prepared for every class

1 design 2 approach



social learning platform
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log in through social network
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see who is online
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/

highlighting text...
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...opens chat window
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email notifications
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how to get students to participate?
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use combination of

intrinsic and extrinsic motivation drivers
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rubric-based assessment

e quality (thoughtful reading & interpretation)
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rubric-based assessment

e quality (thoughtful reading & interpretation)

e quantity (minimum 10)
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rubric-based assessment

e quality (thoughtful reading & interpretation)
e quantity (minimum 10)

e timeliness (before class)
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rubric-based assessment

e quality (thoughtful reading & interpretation)
e quantity (minimum 10)
e timeliness (before class)

e distribution (not clustered)

1 design 2 approach



rubric-based assessment

CONCEPTS

76 CHAPTER 4 MOMENTUM

ematical framework for describing motion along a

straight line. In this chapter, we continue our study of
motion by investigating inertia, a property of objects that
affects their motion. The experiments we carry out in
studying inertia lead us to discover one of the most funda-
mental laws in physics—conservation of momentum.

In the preceding two chapters, we developed a math-

4.1 Friction

Picture a block of wood sitting motionless on a smooth
wooden surface. If you give the block a shove, it slides some
distance but eventually comes to rest.[Depending on the
smoothness of the block and the smoothness of the wooden
surface, this stopping may happen sooner or it may hap-

en later, If the two surfaces in contact are very smooth and
slippery, the block slides for a longer time interval than if|
the surfaces are rough or slicky."ﬂ\is ou know from every-
day experience: A hockey puck slides easily on ice but not
on a rough road.

Figure 4.1 shows how the velocity of a wooden block
decreases on three different surfaces. The slowing down is
due to friction—the resistance to motion that one surface or
object encounters when moving over another. Notice that,
during the interval covered by the velocity-versus-time
graph, the velocity decrease as the block slides over ice is
hardly observable. The block slides easily over ice because
there is very little friction between the two surfaces. The
effect of friction is to bring two objects to rest with respect
to each other—in this case the wooden block and the sur-
face it is sliding on. The less friction there is, the longer it
takes for the block to come to rest.

Figure 4.1 Velocity-versus-time graph for a wooden block sliding on
three different surfaces. The rougher the surface, the more quickly the
velocity decreases.
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polished wood

Figure 4.2 Low-friction track and carts used in the experiments described
in this chapter

You may wonder whether it is possible to make surfaces
that have no friction at all, such that an object, once given
a shove, continues to glide forever] There is no totally fric-

[tionless surface over which objects slide forever, but there
—are-ways to minimize friction. You can, for instance, float an
object on a cu: Of air—Fhis.is most easily accomplished
low-friction track—a track whose surface-is-dotted
with little Tioles_through which pressurized air blows. The
air serves as a cushi n which a conveniently shaped ob-
ject can float, with friction between the object and the track
all but eliminated. Alternatively, onecan.use wheeled carts

with low-friction bearings on an ordinary traci ure 4.2
shows low-friction carts you may have encountered in'y
lab or class. Although there is still some friction both for

low-friction tracks and for the track shown in Figure 4.2,
this friction is so small that it can be ignored during an
experiment. For example, if the track in Figure 4.2 is hori-
zontal, carts move along its length without slowing down
appreciably. In other words:

In the absence of friction, objects moving along a |
horizontal track keep moving without slowing down.

Another advantage of using such carts is that the track
constrains the motion to being along a straight line. We can
then use a high-speed camera to record the cart’s position
at various instants, and from that information determine its
speed and acceleration.

@4”(11) Are the accelerations of the motions shown in
igure 4.1 constant? (b) For which surface is the acceleration
largest in magnitude?

4.2 Inertia }*777———77777,ﬁ,,,

We can discover one of the most fundamental principl
physics by studying how the velocities of two low-friction
carts change when the carts collide. Let’s fi e what hap-
pens with two identical ca
because we'll use them as a standard against which to com-
pare the motion of other carts. First we put one standard
rt on the low-friction track and make sure it doesn't
Nextwe place the second cart on the track some dis-
irst one and-give the second cart a shove to-
carts collide, and the-eellision alters

ward the first. The twi
the velocities of both.

ANNOTATION

Alan: | remember, in high school, being amazed at how quickly
carts could travel on these tracks - air would blow up through
these tiny holes evenly distributed along the length of the track
and the cart would essentially float on the air and consequently -
the cart would move very quickly with the slightest push.

Bob: Although there is no way to create frictionless surfaces, |
find it interesting that we consider experiments "in the absence of
friction." In a way, this relates back to Chapter 1.5 where we talked
about the importance of having too little or too much information in
our representations. In some cases, the friction is so insignificant
that we ignore it (simplifying our representation).

Claire: Does this only apply to solid surfaces? | feel as if a sub-
stance that floats on water either has negligible or very little friction.

Alan: Why is this? | don't get it.

David: believe this applies to almost every surface, although I'm
not sure if water would count more as resistance than friction.
Anyways, the best example | could think of would be a surf board.
If people who were paddling in the same direction as the waves
experienced no resistance, they would continually speed up, and
eventually reach very high speeds. However, in reality if they were
two stop paddling they'd slow down and only the waves would
slowly push them to shore.

Alan: Is it possible to have a surface, in real life, that inflicts NO
friction at all?

Erica: Doesn't air resistance factor into this at all? It seems that
it is not enough for there to be only an absense of friction for
something to keep moving without slowing down. What about
some other opposing force - like air resistance? Or is air resis-
tance just another example of friction?

Bob: The key word is "appreciably". In the absense of friction,
the cart does not slow down appreciably but still would a little due
to air resistance

Alan: a) yes b) concrete has the acceleration of greatest magnitude

Erica: | would think that they are not constant because if we
think of the formula F=ma, the force of friction is different in every
case so that would change the acceleration value (where mass
would stay the same since it's assumed that th object is the same
in each situation).

Claire: As a theoretical question about inertia, if an object in
motion will stay in motion, but is being affected by friction, will it
slow down perpetually but remain in motion, or will it eventually
stop completely due to the friction? Just curious.

Alan: with friction everything slows down to a half at one point
or another. It is only if an outside force acts on the object if that
object will maintain motion after the effects of inertia.

Claire: Standard carts: identical carts in mass, shape, etc. | like
this notion of standard carts, it provides a good baseline to compare
other motion and to understand the concepts before building on it.

Alan: Great visual representation of friction! It is interesting how
this compares the velocity of things on different surfaces

Bob: The rougher the surface, the more friction between the sur-
face and the wooden block, and thus acceleration will be greater.

EVALUATION

No substance. Does not demonstrate any
thoughtful interpretation of the text.

Annotation interprets the text and demonstrates
understanding of concepts through analogy and
synthesis of multiple concepts.

Possibly insightful question but does not elabo-
rate on thought process, nor demonstrate
thoughtful reading of the text.

Question does not explicitly identify point
of confusion nor demonstrates thoughtful read-
ing or interpretation of the text.

Response demonstrates a thoughtful explana-
tion with a claim substantiated with a concrete
example

Question exhibits superficial reading, but does
not exhibit any interpretation of the textbook.

Demonstrates thoughtful interpretation of the
text by refuting a statement through a counter
example.

Responds to the question by thoughtfully inter-
preting the text

Annotation not backed up by any reasoning or
theoretical assumptions. No evidence of
thoughtful reading of text.

Response backed up with reasoning that
demonstrates an interpretation of the text and
applies understanding of concepts

Profound question that goes beyond the materi-
al covered in the textbook.

Demonstrates some thought but does not really
address Claire’s question

No substance. Does not demonstrate any
thoughtful reading.

No substance. Does not demonstrate any
thoughtful reading.

Interprets the graph and applies understanding
of both the concept of friction, how a v-t graph
correponds to acceleration and the relationship
between the force of friction and acceleration
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rubric-based assessment

ANNOTATION

Alan: | remember, in high school, being amazed at how quickly
carts could travel on these tracks - air would blow up through
these tiny holes evenly distributed along the length of the track
and the cart would essentially float on the air and consequently -
the cart would move very quickly with the slightest push.

Bob: Although there is no way to create frictionless surfaces, |
find it interesting that we consider experiments "in the absence of
friction." In a way, this relates back to Chapter 1.5 where we talked
about the importance of having too little or too much information in
our representations. In some cases, the friction is so insignificant
that we ignore it (simplifying our representation).

Claire: Does this only apply to solid surfaces? | feel as if a sub-
stance that floats on water either has negligible or very little friction.

Alan: Why is this? | don't get it.

David: believe this applies to almost every surface, although I'm
not sure if water would count more as resistance than friction.
Anyways, the best example | could think of would be a surf board.
If people who were paddling in the same direction as the waves
experienced no resistance, they would continually speed up, and
eventually reach very high speeds. However, in reality if they were
two stop paddling they'd slow down and only the waves would
slowlv push them to shore

EVALUATION

No substance. Does not demonstrate any
thoughtful interpretation of the text.

Annotation interprets the text and demonstrates
understanding of concepts through analogy and
synthesis of multiple concepts.

Possibly insightful question but does not elabo-
rate on thought process, nor demonstrate
thoughtful reading of the text.

Question does not explicitly identify point
of confusion nor demonstrates thoughtful read-
ing or interpretation of the text.

Response demonstrates a thoughtful explana-
tion with a claim substantiated with a concrete
example
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rubric-based assessment

how ‘do'you'process all of that??
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fully automated assessment

e specialized machine learning algorithm
e assesses intellectual content

e exceeds intercoder reliability

1 design 2 approach
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connect pre-class and in-class activities
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confusion report

quality (thoughtful reading & interpretation)

quantity (minimum 10)

timeliness (before class)

distribution (not clustered)
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motivating factors
Intrinsic:

e social interaction

1 design 2 approach



motivating factors
Intrinsic:
e social interaction

e tie-in to in-class activity
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motivating factors
Intrinsic:
e social interaction
e tie-in to in-class activity
Extrinsic:

e assessment (fully automated)
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motivating factors

“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”

Harvard student
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motivating factors

“It makes the book fun to read...
All the other students on my floor are disap-
pointed their Prof isn‘t using Perusall because
they don’t read the book.”

Ohio State student

1 design 2 approach



participation
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participation

close to 95%!
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participation

every student prepared for every class

1 design 2 approach



Projects
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Projects

e 1 project/month (6 over 2 semesters)

* new team formation for each project

e projects not prescriptive, but open-ended
e 3 types of project “fairs”

e external evaluators

1 design 2 approach



Projects

Rule-based team formation using GroupEng

www.GroupEng.org
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Projects

Rule-based team formation using GroupEng

e gender

* year

e self-efficacy & learning attitude
e class performance

e exlude previous team mates

www.GroupEng.org

1 design 2 approach



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
Drag Race Ecotricity
Rube Goldberg Crack-a-Thon
Symphosium INSPECT Fair
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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

e musical range

e Q-factor

e harmonic spectrum
e sound level

e tuning stability

1 design 2 approach



Projects

Milestones:

e team contract
e proposal

e fair

e report

e team, peer, and self assessment
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Projects

Milestones:

e team contract (at beginning)
e proposal

e fair

e report

e team, peer, and self assessment
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Projects

Milestones:

e team contract (at beginning)
e proposal (+1 week)

e fair

* report

e team, peer, and self assessment
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Projects

Milestones:

e team contract (at beginning)
e proposal (+1 week)

e fair (+3 weeks)

* report

e team, peer, and self assessment

1 design 2 approach



Projects

Milestones:

e team contract (at beginning)

e proposal (+1 week)

e fair (+3 weeks)

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

e team, peer, and self assessment
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Projects

Milestones:

e team contract (at beginning)

e proposal (+1 week)

e fair (+3 weeks)

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

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

1 design 2 approach
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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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In-class activities
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In-class activities

2 weekly 3-hour class periods

1 design 2 approach



In-class activities

blend of 6 “best practices”
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In-class activities

JAN FEB MAR APR
27 29 3 5 10 12 17 19 24 26 3 5 10 12 24 26 31 2 7 9 14 16 21 23 28

T

intro
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In-class activities

one project

MAR APR
26 3 5 10 12 24 26 31 2 7
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In-class activities

2/3 scaffolded, guided

MAR APR
26 3 24 26 31 2 7
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In-class activities

26 3 5 10 12 24 26 31 2 7

1/3 ungquided
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In-class activities

team intro

MAR APR
5 10 12 24 26 31 2 7
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In-class activities

MAR APR
26 3 5 10 12 24 26 31 2 7

proosal
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In-class activities

MAR APR
26 3 5 10 12 24 26 31 2 7

project fair
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In-class activities

LC: Learning Catalytics 90 min Tutorial 60 min

©
5| @
S [ Instructor poses question ... Work on worksheet with team
ﬂ Answer alone -l‘
() . . Explore concepts
o] Discuss in team ﬁ
Answer again Discuss with staff
5|a% " a
bring device
. / \_ J
EA: Estimation Activity 30 min
Estimate quantities Conduct experiment with team
o Take measurements
Develop individual strategy
Analyze data
Discuss and solve as team “ Carry out simulations
N

bring device

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity 90 min
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+ @
g [ — Work problems alone BEFORE class Y Part 1: solve problems alone
© Discuss with team, mark up @D:l Open book, open internet
> > . .
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In-class activities

LC: Learning Catalytics 90 min

©
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.B [ Instructor poses question
ﬂ Answer alone
% Discuss in team
c ‘ Answer again
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bring device
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goal: develop conceptual understanding
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Before we start, please sign on to Learning Catalytics

using a web-enabled device (1 person/device):

1. Go to learningcatalytics.com/demo
2. Enter info, click “Start”

3. Join session 19557292
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In-class activities

Tutorial 60 min

©
T
ke () Work on worksheet with team
7 22
Q Explore concepts
g ®
c ‘ Discuss with staff
>
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>
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Q
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goal: address documented misconceptions

McDermott et al., Tutorials in Introductory Physics (Prentice Hall, 2002)
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McDermott et al\, Tutorials in Introductory Physics (Prentice Hall, 2002)
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resolve confront

"’

McDermott et al\, Tutorials in Introductory Physics (Prentice Hall, 2002)
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In-class activities
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goal: develop qualitative reasoning skills
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“Estimate the chemical energy release
during the explosive separation of a \
professional fireworks shell. Answer units: [J]”
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In-class activities
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goal: develop experimental skills
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In-class activities
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(] ‘.‘ Self-assess & turn in

1 design 2 approach



2 approach




goal: develop problem solving

and metacognitive skills

2 approach




phase goal \

solve (at home/individual) skills development

eflect (in class/team) metacognition

2 approach
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Individual phase (at home): From the time you receive a problem set to the time it is due
to work on the problem set alone. The work you complete during this phase will be
correctness. You may only use blue or black ink and you must attempt to solve each pr
4-step procedure (see Section 1.8 in the textbook for additional details)

Getting Started

Devise Plan

Execute Plan

Evaluate Answer

You can consult the textbook and online resources, and you may consult the teaching stz

1 design

State the important information and summarize the problem. If po
Note any assumptions you're making.

Devise a plan of attack before diving into the solution. Break down
manageable segments. Identify which physical relationships you can 3

Carry out your plan, explaining each step. The argument should be
your thought process at each step (including roadblocks). Any va
defined, and your diagrams should be labeled.

Check each solution for reasonableness. There are many ways to jus
the symmetry of the solution, evaluate limiting or special cases
situations with known solutions, check units, use dimensional analysi
of magnitude of an answer.

2 approach




Getting Started

at home:

Devise Plan

implement 4-step procedure

Execute Plan

(evaluated on effort)

Evaluate Answer
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P
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with your peers. It’s ok to try hard and not succeed at first (only your effort is evaluate
every problem. If you reach the Evaluate stage and find that your answer does not
describe your thought process so you are prepared for a discussion with your team in clag

Team/Reflect phase (in class): On the due date of the problem set, you will work w
improve and/or correct your solutions, reflect on your work, and determine what you n¢
stage, you may only use red ink to write on your problem sets (pens will be provided i
minutes, your team will be provided with a solution set which you may use to confirn
additional 45 minutes, your team must submit the marked-up problem sets together \
sheets for the entire team and a team scoring sheet.

It is the team’s responsibility to ensure that all team members hand-in complete an
solutions together with a completed reflection sheet, because your team’s submitted w,
team score. This means that if you do not put in adequate effort before the Team/Reflect
only your own score, but also that of your team members. Likewise, it is important to
your team marks his/her work up correctly during the Team/Reflect phase.

Important: Writing on the problem set in class in any other color but red will be consideré

1 design 2 approach




in class:
mark up/improve solutions

complete reflection sheet
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phase credit

solve (at home/individual) 50%

reflect (in class/team) 50%
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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”
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In-class activities
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goal: formative assessment

collaborative learning
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Self, Peer, and Team assessment
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Team, Peer, and Self assessment

Self Assessment

Self Assessment (you!)

Never

Rarely

Sometimes

About half the time
Most of the time
All of the time

1. | | participate fully in team activities

. | I come to class well-prepared for all team activities

3. | | communicate effectively and respectfully with team members:

e | express my opinions respectfully and with clarity

o |listen respectfully to the perspectives and contributions of others

e | collaborate effectively with team members to make decisions and
resolve conflicts

4. | Attendance:

e | am present for team activities

e |am on time/punctual

5. | | take responsibility for my own part of team work and decision-making

6. | | am open to change and willing to re-evaluate my own position in light of

new information from others

7. | Please describe one thing that you think you do well, that helps to make your team more effective

2 approach




Team, Peer, and Self assessment

4. Relative contributions

How much did each team member contribute to the overall goals? Please note that the sum of all relative
contributions must be zero — if one person did more than his/her fair share, then others must have done less.

RELATIVE CONTRIBUTION

Less than fair share More than fair share
Almost Much Somewhat Fair share Somewhat Much Almost
nothing less less more more everything
Self
Member 1
Member 2
Member 3
Member 4

2 approach
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aam, Peer, and Self assessment

e\ You were great to work with and a true team player!
e Your ideas were a great contribution to our team

e You come up with good ideas

* You were really easy to work with and had a

contagious enthusiasm

2 approach




aam, Peer, and Self assessment

e\ You were great to work with and a true team player!
e Your ideas were a great contribution to our team

e You come up with good ideas

* You were really easy to work with and had a

contagious enthusiasm

“| felt as if | was able to effectively communicate my
ideas, even though they may have been wrong...

(still good for discussion, right?)”

1 design 2 approach




aam, Peer, and Self assessment

o\ | would suggest being more responsive throughout
he project process.
e Sometimes you’'re not engaged in activities
e It was hard to understand what you actually thought
about an idea or project
e You could be more reasonable about what is actually

feasible and what isn’t
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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

NB annotations

self-directed learning ]

.

Problem sets

- |\|/|

RAAs
learning goals ]
Project report )
Project presentation
team work ]

Peer Assessment

Participation

Punctuality professionalism ]

=

Ethics
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Assessment

Scale: 3-0 Scale: 3-0

NB annotations

self-directed learning ]

.

Problem sets

- |\|/|

RAAs
learning goals ]
Project report )
Project presentation
team work ]

Peer Assessment

Participation

Punctuality professionalism ]

=

Ethics
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Assessment

lowest
score

Scale: 3-0 —- Scale: 3-0

NB annotations

self-directed learning ]

.

Problem sets

RAAs

) _\ learning goals ]
_J

Project report
Project presentation
) :>_[ team work ]
Peer Assessment

Participation ‘

- Punctuality [ professionalism ]

L

Ethics
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Assessment

lowest
score
Scale: 3-0 ———- Scale: 3-0 Scale: A-E
NB annotations
self-directed learning
Problem sets ) ’
r letter grade ]
RAAs

learning goals

-

Project report

Project presentation

team work

Peer Assessment

Participation

Punctuality

professionalism ]—/

=

Ethics
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Assessment

lowest table
score lookup
Scale: 3-0 —- Scale: 3-0 —- Scale: A-E

NB annotations

self-directed learning

. J

Problem sets

r letter grade ]
RAAs

learning goals

-

Project report

Project presentation

team work

Peer Assessment

D two zeroes
E more than two zeroes

Participation

Punctuality

professionalism ]—/

A’ {
—
oo w >
| + 1
= NVNNN
< seva
- - NN
_ = a NN
- @ wm  w
- e = = N

Ethics
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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-
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)
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Self-efficacy

2 approach 3 results




Self-efficacy

(students’ belief in their ability to succeed)
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Self-efficacy
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Self-efficacy
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P11b AP50b
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Self-directed learning

2 approach 3 results




Self-directed learning

NB data shows:

e student spend on average 2.3 hrs/chapter

e 600-700 annotations/chapter (8-10/stu)
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Conceptual Mastery
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normalized gain (%)
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Conceptual Mastery
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Conceptual Mastery
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Conceptual Mastery

60
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>
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=
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N
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PS2 P11a AP50a

largest conceptual gain in any course past 6 yrs!
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Conceptual Mastery
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Conceptual Mastery

(®))
o

CSEM

o)
o
|

normalized gain (%)
w N
o o
| |

N
o

P11b AP50b

as good as when | do my best teaching!
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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”

2 approach 3 results




for a copy of this presentation:

ericmazur.com

Follow me! l @eric_mazur

2 approach 3 results






