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It's Fall Semester 2015...

Results
= Its my first semester at = Lower student attitudes
UMass. toward physics.
= Also, one of my earliest = Lower student interest.
attempts at IPLS. = Student willingness to

= | attempt to adopt the UMD
NEXUS curriculum almo
wholesale.

ticipate dropped with time.
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(Some) of why that failed

40

- 149% of
. students need
- statics

Percent of students, VN uncertainties
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%, Major group

No time for fluids
and statistical
mechanics ®
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AAPT WM17...

= | attended a workshop held by Nancy Beverly on Project Based
Learning in IPLS courses.

= Part the pedagogy described at the workshop requires meeting
with each group for 15-20 minutes each week.

= | have three sections with 20 groups of five:

(3 sections) X (20

groups minutes h
X |15 — 15 hours
section) < group - Week) / week

Clearly this does not scale well.
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A variety of courses, with different pedagogies and goals exist!

B Swarthmore College B Mercy College
UMD CP B UMass Amherst

Calculus

Small Lecture

Studio Large

Algebra
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Will show a variety of activities and how adapted to our environments

IPLS 1 IPLS 11

= 6x100 = 2x250
= 3 instructors = ] instructor
= 10.5 GTAs = 2 GTAS

= 12 UTAs = 4 UTAs

> Scalabllity is
key

Y — ~ - -

—
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Key Features of Classroom Structure
Flipped

Preparation — Students are responsible for

learning basic content
Content delivery through Formative homework to
videos/reading develop understanding

Assessment on preparation — Communicates
basic level expected

Quiz directly connected to homework

VA

In-class activities — Start from prep

Active learning methods No required end-of-unit
focusing on application homework

.

Exam
In-class connection must Learning experience -
be apparent to students corrections

20 teams of 5.

* Five person teams motivated
by Kowitz and Knutson.

-2 teams at a table of 10.
* One assistant per 2 tables.

IPLS 11

e Opt-in teams of 4.
e Requested by students.
=4 largest size in lecture hall.

* 75% of students elect to join
teams.

Teams set
attendance policy

B. Toggerson — AAPT SM 2020 - UMass Amherst Physics — http://www.physedgroup.umasscreate.net




ADAPTATION OF MATERIALS FOR
PREPARATION IN A FLIPPED MODEL

UMD NEXUS vs. UMass Amherst TBL

ass Amherst Physics — http://www.physedgroup.umasscreate.net



Differences in Flipped Model

_ UMD NEXUS UMass Amherst TBL

Purpose “Although they are short, they are not easy!... they + To truly master some
need to learn that it might help to [read and] think fundamentals.
about the physics, to work with a simulation, to * Support equity by ensuring a
solve some problems in class the next day, and shared, defined, starting point
then to go back and look at the reading again in independent of prior experience.
order to make sense of it!” * Simpler content.

=i anl=1al M “We typically add a required short reading * In-line formative homework.
assignment in which the students either write a e 6 attempts.
summary of the page, ask a question about it, or * Graded for accuracy.
link the students to a simulation for them to ¢ Summative quiz on mastery of
explore and answer questions about what they find. material in class.

We evaluate this only for participation.”

Structure “It's modular wiki structure allows instructors to * Much more linear.
select the subset of readings most relevant for their « More multi-modal.
classes, giving students the option to explore

supporting or extending materials through

numerous weblinks.”
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Adaptation of WIikibook - http://openbooks.library.umass.edu/toggerson-132/

Example homework
problem:

Determine the unknown
current below:
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End-of-chapter homework problems Flipping the second law (MC)

can also be adapted for preparation B

A, If you flip a fair coin 10 times, which string of results are you more likely to get?
I: HHHHHHHHHH
Il: HTHTTHTHHT

Been used as a
quiz question.

3. They are equally probable
4, You can't tell without being given more information.

B If you flip a fair coin 10 times, which result are you more likely to get?

it 10 heads
ii: 5 heads and 5 tails

Good formative

2. Result i

homework question 3. They are equally probable

4, You can't tell without being given more information.

C. Smoke spontaneously spreads out from a cigarette to fill 2 room, but the reverse process is never
observed to spontaneously occur (unless some force from outside the system acts). Consider various
physical laws:

I: 1st Law of thermodynamics: Conservation of Energy

Il: Conservation of Momentum
CO u I d be an exam p ro b I e m Or aS II: 2nd Law of thermodynamics: systems spontaneously evolve to more probable states
a p re- O r post- aCtiVity q u eSti O n i n The reverse process described above is never observed because it would violate:

1. 111 anly

class. L

3. land Il only

4. 1and Il only
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RECITATION-STYLE ACTIVITIES

In TBL these activities are done during the typical class time.
Done in an environment of 20 groups of five students each.
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A Recitation Exercise from Grinnell on Free-Expansion

= Meant to be
done in a small
class with an
instructor who
can move about
to all students.

= Divide into
smaller parts
(2-3 steps each)
and check in
after each.

= |Interleave some
practice.
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https://www.aps.org/units/fed/newsletters/spring2005/activity.html

Example — Students are flipping coins to model a 4-atom gas

The students are presented with
these steps only.

Penny Nickel Dime Quarter | Macro-
Atom Atom Atom Atom state
(L/R) (L/R) (L/R) (L/R) (N left)

1. Record the full data for each L L a

observed microstate in a table.

2. How many times did you observe
the macrostate with 50% of the
molecules on the left and 50% on
the right?

5

3. Did you ever observe a free
compression (a macrostate with all
molecules on left OR on right)? If
so, how many times? 10
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Leverage the size of the class!
20 teams, 10 observations = 200 observations total for the class

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05

Zero One Two Three Four

Hm Theoretical Probability ®m Experimental Fraction
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Before going further, have students check their understanding in an
alternative context like this one from UMD

= Working at the boards Polymer sizel

‘We will return to the lab, here Is a problem to practice up to this point

re al I al I OWS t h e Consider a gol-,rmer like DNA One very simple model of such a sgolymer is to
assume that the polymer forms a one-dimensional chain consisting of many links

monomers) having a particular length a. Each of the links in the chain may
e freely orlented to the Tight or left, with no energy difference between these

- twe orientations. The likelihood that ‘each link in the chain orients to the left or
I I lS rl l C O r O Se e the right is precisely 50/50, just like a coin toss. o

Suppose that n is the number of elements oriented to the right and n; is the
number of elements oriented to the left, such that N = ny +n;. -

student understanding. =

links is illustr. %ed {but where the |nd|V|duaI links have been mstrlbui:et;'\-fer!:lcallyr -
for clarity). In this exam Ie there are 14 links (N = 14) with 4 to the left (n, = 4 . N
and the rest to the right (n, = 10). Since each monomer has a length a the total .

= I n the bi IeCtu re hall Iengthls:—lﬂa—la=ﬁa ngeneral we say L= (ny —nla. po
g ? a)  What will be your definition of a macrostate? Y .
: - b)  Write down a formula for the number of microstates as a function of the .
ap — S I Z e W I e Oar S number of monomers and the number pointing to the left. L

c)  What is the lowest entropy state for this example? What is the entropy?
What Is the length?

Can b e u Sed - d)  What is the highest entropy state for this example? What is the entropy?

What is the length in that case?

e) Censider a long polymer made of many links, what state would you expect
to find it?

Uldass, Amherst - Physics
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OPEN-ENDED QUESTIONS
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Often these appear as exam questions (UMD for example)

= We don’t have the
grading capacity to
grade as many as
they do.

= How can we do such
problems and how can
we give formative
feedback?

Fall 2012, Physics 131, Exam 1 (Redish & Losert).
Redish: N = 15. Score = 74%)

4. (10 points) One of the things we try to do in a
physics course is to take everyday concepts, such
as motion or force, and refine them into more
precise terms; often splitting everyday concepts so
as to allow a more specific description and the
development of physical laws.

One example is the dividing of the concept of
“motion” into “velocity” and “acceleration.” For the
concept of force discuss in what way the everyday
concept of force is split in physics and discuss one
example from this class where not paying attention
to this split might cause confusion. Note: This is an
essay question. Your answer will be judged not
solely on its correctness, but for its depth,
coherence, and clarity.
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How to get more practice with these types of problems in a large class
with a TBL room

Both work and torque A

have the same units.

While we often write Work iS force and o distance, while Yorgu, is force
the units 01_: work as J [elative 19 a point of rotation. Distanceic meusured /O )
and the units of torque | () gnd radiuc (r) i< alse a Set distance measured in 6 \
as N-m, we have seen g,;“, ate Fores (N times a distance (m). But#ne récultof

that these two {ne Forces is diegerent. LA

representations are T o |
equivalent. In three (\o)
sentences or less, ‘ ) e N -
describe how work and . S

torque are different and il |

why they have the

same units.
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How to get practice in a lecture hall (or remote)

Poll Open

Define light! Anything you can think of.

Words, equations, you name it. Think across all our

Our IPLS-I11 focuses on the units.
QUIdlng questlonS: Remember to use the "-" instead of a space.

= What is an electron?
= What is light?

The last day is to synthesize
the entire course and
answer these questions

VeVOX

Audience Engagement
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Result
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Summary

= It’s hard to implement a course “wholesale”
» Different students: majors, preparations, etc.
» Different course setups: studio vs. lecture, size.
* Requires a very thorough understanding of all aspects of the course: goals,
structures, etc. some of which are difficult to glean from written materials.
= The pieces can be more easily adapted
« Still helpful to understand the basics of the course from whence they came.

» Clarity of pedagogies are useful for adaptation < This is provided on the
Living Physics Portal

« However, some activities are harder to scale than others, perhaps some
information about size could be provided?

= Creative adaptation is still often needed — how can | use this
concept in my classroom?
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THANK YOU
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