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Eugenia Etkina
6. January 2021.

Here is chapter 1 for the OALG where we introduce ISLE approach to the students and teach
them how to read the textbook (interrogation method). Do not miss! If you are new to the group,
please go to FILES on tope of the home page of the group and download OALG files and Lab
experiments files. If you have any questions, please post them here!

https://www.facebook.com/groups/320431092109343/posts/860572764761837/? cft  [0]=
AZXJeMgvQXOvpg7-

nKH22LYmFEJQju9HBUwIbkoZgpjyzgwXsqUwVF6WoljNg AOQriPnDBag29ynGKItTf9dz30a
VLaKid4l 3sAVJ1SD5-ixRQ-

piPMTTXpDBfQQLOyYs 24gwW1UdwEvDjQkD4WuUBF& tn  =%2C0%2CP-R

Eugenia Etkina
15. February 2021.

Hi all, yesterday we had a great conversation about experimental uncertainties. Our approach
to the uncertainties is very different from traditional. It is focused on the conceptual
understanding of the experimental uncertainties, not on complex mathematical manipulations
to calculate them. We do not call them errors to avoid student thinking that those are bad and
not to trigger "the human error" reply that we all dread. If you are interested in our approach
that is called the  weakest link rule, download the document at
https://drive.google.com/.../0By53x8SYAF1ILWhORUS50OTn.../view and you will see a
beautiful and simple way to help your students understand how to estimate the largest percent
uncertainty in their calculations. Thank you Lukasz Michalak for starting this conversation!

https://www.facebook.com/groups/320431092109343/posts/884238125728634/? cft [0]=
AZVkoB1dGktHt8yil2FtOINCU mcEVf83RbzFWyYm4JQsPCcgE-
rUilepUetqg3ahRkCPSZE6e0jl1g97YbeCshwyl XsaxEk1XBQeXNU1RrtPdGnjx92GcAcqZ6N
SChnk-d8ZtTOu8BaSDGFN-WYwWZWRg& tn =%2C0%2CP-R

Eugenia Etkina
18. February 2021.

Hi all, a few months ago | did an interview with a website that interviews professors and now
it is published at https://faculti.net/investigative-science-learning.../
Check it out if you wish to learn about ISLE.

https://www.facebook.com/groups/320431092109343/posts/885911142227999/? cft [0]=
AZVWsT2FviZCMRLLvNevy8OXWx63TWK-QZ40fmOxXNVRxJKrCRfLOSQ9yc-
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SAsHF6Igbl84fm1fdpHki30pxRpeqvVFaCwsPtoviYO-
wsmLIEAIOWEBZOWT1L3HzIHoZ35BKewRvkSO0fOk7 dUpHhdi-S& tn =%2C0%2CP-R

Eugenia Etkina
7. April 2021.

Hi all, tomorrow at 7 pm EST | will be giving a colloquium at the University of British Columbia
(UBC) about scientific abilities. The organizer of the colloquium told me that | can share
information about it with anyone | like and that they can attend the colloquium. The information
and the zoom link are on the website pasted below. Join, if you are interested. You will learn
the history and the present of our work on scientific abilities.

https://www.facebook.com/groups/320431092109343/posts/915720689247044/? cft [0]=
AZW3J6krPn0iH5vySpKAf4RDFG7QCXLI0S4QzN7wT-4hSEs4XSYzf4CBOInylvVL-
thQdxQ3kjV12tmz1p3AcDvVT6wWO 3JLD94MPubeWmrfRThfgjOj3QANeEswM3F7Q6aVyWE
F6f5ESgNTg VkZrhny& tn  =%2C0%2CP-R

Eugenia Etkina
16. April 2021.

We all wish our students develop grit and persevere. How do we achieve this? | was listening
to a Freakonomics podcast with Angela Duckworth - a psychologist who wrote a book on grit
and they were taking how studies show that parents help their children develop grit by
example. When the children observe their parents persevere and dedicate themselves to a
goal, this grit and perseverance rubs off.

I have two grown up sons who, by some miracle (or this is what | always thought), turned out
to be extremely gritty and continue to surprise me with their work ethic, dedication to the goals
they set, and all other things we want our children to have. | always thought that | was just
lucky to have these great kids. But today | realized that it was not just luck (thought | still
believe some of it was), but the example they saw with both of their parents.

Why am | telling you this? Because | think that we can use these ideas in our teaching. How
often do our students see us persevere and struggle, and overcome? Probably very rarely.
What if we could show them how we personally struggle and persevere to achieve our goals?
What goals do we have?

I am not sure we often set an example for our students in grit and perseverance. Let's think
together how we could do it.

https://www.facebook.com/groups/320431092109343/posts/921052565380523/? cft [0]=
AZXvzJ8stdmVv6RBNQzgqzvAPGMh86sf6RHN2CxNR-
xx_3mG4qlZu_wf8ldVvsrulGwQMDINwSUvUdEWWX-fUizY UxZCRK-

1YGzRDiby8uluS1 E4q3aNhiORkuc2-bqcfr0& tn  =%2C0%2CP-R
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Eugenia Etkina
19. May2021.

Hi all, | have not posted for a while - the end of the semester, spring and COVID fatigue - all
of the above contributed to my lack of communication. | think | am back now and will try to
post tips and ideas as often as | can. As | said many times before, this group is for those who
are interested in implementing the ISLE approach in their courses, using the resources that
we created or/and using our textbook. In this post | will talk about one aspect of our approach
- multiple representations.

The idea that graphical representations help students learn by unloading their working memory
and creating heuristics to analyze phenomena and solve problems is not new. In PER it
actively brought in by A. Van Heuvelen in the 90s. He thought of graphical representations as
the bridges between abstract language and abstract algebra/calculus.

In early 2000s Alan and | joined our approaches (the epistemology of physics + mult reps) to
create the logical progression of the ISLE process. Since then, multiple representations
became tools for reasoning that students use analyzing new phenomena (observational
experiments), finding patterns, devising explanations (hypotheses), predicting results of the
testing experiments, and solving problems.

We started thinking of them literally as tools (hammers and saws) of those who build the
building of physics. In my tomorrow's post | will introduce the first graphical representation and
then over the next days | will slowly go through all of them to show how they serve the purpose
of tools and how students use them to increase their success in learning physics.

https://www.facebook.com/groups/320431092109343/posts/941208610031585/? cft  [0]=
AZVGtzblxqTgRON7X7tOHA8pmJXGtLglD2ZHIv5-

XWOZrtSdFBRKow T9IFD8dH9wWZBhveGwwqVxTzS-
ThdOIcUS5njS83DRnbb31JWIBpIROWQqoMZ9fgo6JYPLXerX5es& th =%2C0%2CP-R

Eugenia Etkina
20. May2021.

As | promised yesterday, | will post every day about one representation, in order of their
appearance and usefulness in a regular physics course. Today's post is about motions
diagrams (or motion maps as they are called in the Modeling Instruction curriculum materials).
See Chapter 2 in our textbook. Motion diagrams consist of 3 elements: dots, that represent
positions of a moving object at equal time intervals, velocity arrows attached to each dot that
represent how fast the object is moving at this particular clock reading, and velocity change
arrows that show how velocity changed from instant to instant (see the photo at the bottom of
this post). They look pretty straight forward and yet we found that 1) velocity change arrows
are very difficult for the students; 2) once the students figure out how to draw velocity change
arrows, their understanding of Newton's second law is much better.

In order to understand how these diagrams relate to real motion, look at the top photograph
(make sure you click on it to see all three experiments). Here you have a cart with a blinking
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LED attached to it. A long exposure photo shows the LED traces over time. Looking at the
traces, what can you say about the motion of the car?

You probably figured out that the top car was moving at constant speed to the left, the middle
car was speeding up to the left and the bottom car was slowing down. You figured it out by
comparing the length of the light traces. These are exactly what the velocity arrows show, only
they also have direction.

What is the purpose of velocity change arrows? Don't velocity arrows show what is going on?
The velocity change arrows will be used in dynamics when the students will need to figure out
the direction of the sum of the forces exerted on the system. In fact, the whole idea of a motion
diagram is much more useful in dynamics that in kinematics. When the students have to figure
out the direction of the sum of the forces exerted on an object, it is the motion diagram that is
the easiest and most concrete representation that allows them to imagine what is going on
and where the sum should be pointed. Read tomorrow about force diagrams.

To help students construct a motion diagram you can use the experiment in the textbook (see
the video attached).

https://mediaplayer.pearsoncmg.com/.../secs-experiment...
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xulB2gaXKg80ObcZEzyld20AWEx6v XwbDWHZxTV Bs1P7UusyVZLRwP0JSakFgQNC6Rs&
th  =%2C0%2CP-R

Eugenia Etkina
21. May 2021.

| thought | would move on to force diagrams today but | think a little more about motion
diagrams would be useful. As | said yesterday, students sometimes have trouble with velocity
change arrows. To help them, | came up with an idea of cutting arrows from a cardboard (thick
paper will work). Photos of these arrows are in the Files here as | posted them a long time
ago. Cut 4 arrows, two of the same length and the other two - longer. These will be velocity
arrows. Make them one color. Then cut the 5th arrow whose length is exactly equal to the
difference in lengths of two different velocity arrows and make it slightly thicker. Color it
differently. This will be the velocity change arrow. This is a set. Make as many sets as you
need for class so that every student has one arrow. Now you can tell them different scenarios
and they need to work together represent them with 2 velocity arrows and one velocity change
arrow (if needed).

Here are possible scenarios (to make the exercise more effective, assign positive/negative
directions to right/left). Ask students to pay attention to the relative directions of the velocity
and velocity change arrows when the object is speeding up or slowing down.

1. An object is moving at constant speed to the left.
2. An object is moving at a higher constant speed to the right.

3. An object is moving to the left slowing down.

4. An object is moving to the left speeding up.

5. An object is moving to the right slowing down.

6. An object is moving to the right speeding up.

After they use the arrows to represent the processes, repeat but this time ask about the sign
of the relevant quantities. This is a very useful exercise that helps students see that the sign
of velocity change component along the chosen axis does not tell them whether the object is
speeding up or slowing down. Only the relative directions of the velocity and velocity change
arrows can tell this. When the students learn the physical quantity of acceleration, repeat again
but this time help them reason that the direction fo the delta v arrow is the same as the direction
fo acceleration. This set of exercises will help your students learn that negative acceleration
does not mean slowing down.

Finally, connecting the motion diagram to a position-versus-time graph as it is done in our
textbook Figure 2.14 (page 23) is very helpful too.

https://www.facebook.com/groups/320431092109343/posts/942411473244632/? cft  [0]=
AZX8k20hCcnLgB34w6NiBKMzc bgGzDmLu5g2JBLYoXI71eY YD-r--5nQq29g0-
fVGMz|PEMFVROreco-zQueTd6-bgV61LUsNxiTw6z1U-

K5dRfdREutiXUtO1fLwy9bq8& tn  =%2C0%2CP-R
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Eugenia Etkina
24. May 2021.

Good morning everyone! | took a break for the weekend. Today we will be talking about force
diagrams. There a few things that we do differently and they help students a lot.

First, we do not call them free-body diagrams, but force diagrams. This change came from the
students who questioned, how an object that is interacting with other objects be free? We also
use the definition of a force as a physical quantity characterizing interactions of two objects. If
one cannot find two objects interacting with each other, there is no force. This approach
eliminates "force of motion" or "force of acceleration" or any other non-existent force in an
inertial reference frame.

Second, to start drawing a force diagram, we first identify a system of interest and circle is on
a sketch. It is very important do to avoid students putting forces exerted on some other objects
on the diagram for the object of interest. Everything else on the sketch (and in the world!) is
the environment. We put a dot representing the system not the whole object as for now we are
not concerned with the size of the system (we are not considering rotations yet).

Third, we identify objects in the environment that interact with the system (either by touching
or at a distance as Earth, or magnets, for example). We will remember that the number of
forces on our diagram should be equal to the number of objects.

Forth, we draw arrows representing these interactions. Here two things are important as we
represent forces with arrows that start at the dot representing the system: Each force is labeled
with two subscripts (see part 1). There is no "weight force" for example, but the force exerted
by Earth on the system, so we label it F subE on S, where E stands Earth and S for system.
There is no "tension in the rope" but F sub R on S. Such systematic labeling prevents non-
existent forces and helps students remember that forces do not belong to objects but are
measures of interactions. Another important step is the length of the force arrows. The lengths
are such that the sum of the forces is in the same direction as the delta v arrow on the motion
diagram. Therefore, if a system is in motion, it is necessary first to draw the motion diagram
and only then consider the lengths of the force arrows. How do we know that the sum of the
forces is in the same direction as the delta v arrow? To answer this question, make sure that
you read Section 3.3 in the textbook. | am pasting the link to the video (OET 3.1 in the textbook)
that shows the experiment from which the students infer this relationship.
https://mediaplayer.pearsoncmg.com/.../secs-experiment...
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Figure II.1. (a) a photo of the teacher catching the medicine ball; b) motion
diagram for the ball; ¢) force diagram; d) mathematical representation.
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Eugenia Etkina
25. May 2021.

Good morning everyone! | started with force diagrams yesterday. The question today - what
are they good for? In our approach we use graphical representations while problem solving
for 3 main purposes: to analyze the situation, to construct an algebraic representation, and to
evaluate the result. Yesterday we talked about the first step - how represent a situation with a
force diagram (and a consistent motion diagram!) Today | will discuss how to use a force
diagram to write the statement of Newton's second law in component form.

First, we use two terms for components in our approach: vector components of a vector and
scalar components of a vector. The vector components are two (or three) perpendicular to
each other vectors the sum of which would give you the original vector. Usually those
perpendicular directions are x and y (and z). The scalar components are numbers that indicate
the lengths of the vector components and the direction relative to the chosen positive direction
(x, y or z). if the vector component points in the positive direction, the scalar is equal to its
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length with a positive sign, if in the opposite - the sign is negative (see Section 2.4 for the
introduction).

Second, we add coordinate axes to the force diagram so that it is easy to determine the sign
of the force components. In Chapter 3 - the beginning of dynamics, we only deal with the
forces in one dimension - vertical, thus the components of the force vectors are equal in
magnitude to the vectors themselves and the sign is determined what direction (up or down)
you chose as positive. We recommend pointing the vertical direction both up and down
depending on the problem so that the students learn that in physics directions are chosen for
convenience.

Finally, we use the force diagram to write Newton's second law in component form for the
situation. We never use F=ma expression, we only use ma=Sum of F or a=Sum of F/m. In this
case, the sum is a vector sum, therefore we need components. It is important that in the law it
is the SUM, so we always ADD all components (some are positive, some are negative). It is
crucial not to skip the step and not to use the minus sign prematurely. Here the plus indicates
summation of the forces and the minus in front of a component indicates the direction fo the
force. For example, imagine you are lifting a suitcase that is accelerating upward. This is how
the mathematical representation of Newton's second law looks like (Y is you, S is the suitcase,
E - Earth, y -axis points up). Watch carefully how scalar components of the vectors are used
to write the final expression for the acceleration.
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Eugenia Etkina
26. May 2021.

Hello everyone! Today | am continuing with the force diagrams. Yesterday, | mentioned that
we start by students analyzing situations where forces are exerted in one dimension only
(vertical). What if the forces are exerted in different directions? Then, of course, components
play even a more important role than before. We have an excellent approach to components
when forces are in multiple directions. The two activities from the the OALG Chapter 4 (4.1.1
and 4.1.2) and the text in the textbook Chapter 4 clarify. Once you look at the first activity (I
posted the screenshot) you will see the grid. The grid is the key to helping students see the x-
and y-components of the forces. The ring experiment when done in person is infinitely precious
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(we made a video for teaching online). When you go back to teaching in person, do not skip
it!
https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-4-1-2

OALG 4.1.1 Components of force vectors

The sketch below shows three strings pulling in different directions in a horizontal plane on a
small ring (R) at the center. The corresponding force diagram for the ring is also shown on a
grid.

a. Based on what you see in the force diagram, explain why the ring does not accelerate in the
positive or negative x-direction. Be explicit.

b. Repeat the same for the y-direction.

=

v

OALG 4.1.2 Test your ideas

The sketch on the right shows the same

three strings pulling on the ring as in the

previous activity. However, an angle is

now shown for the pulling direction of <
string 1 relative to the x-axis.

v

37°

a. How could you calculate the effect of
string 1 pulling in the x-direction?

b. How could you calculate string 1’s effect pulling in the y-direction? That is, how could you
calculate the x- and y-components of F, _ if you know only the magnitude of the force (5 N)

and the direction of the force relative to the x-axis (37° below the positive x-axis)? What are the
magnitudes of the other two forces?

¢. Watch the video of this experiment
https://mediaplayer.pearsoncmg.com/assets/ frames.true/sci-OALG-4-1-2 and check whether the
forces that you found keep the ring in the equilibrium.
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YKY6Hdw9nm20uY 1LgA5sz3frgPdrlogfRVAG3HHb10bWoUOrkclm6ES9mI8jGakysESMWUi
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Eugenia Etkina
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31. May 2021.

Hi all, the next few posts will be about a new representation - a bar chart. A bar chart allows
us to represent conserved quantities. Before | move to the description of a bar chart and say
what the bar charts are good for, | will remind you our approach to conservation, which is
VERY DIFFERENT from the approach in all other (or most of) textbooks.

First, analyzing any situation, we start with identifying a system (this is what we already
discussed for force diagrams). We can put anything we wish inside the system, the rest
becomes the environment. For example, you have an apple and Earth interacting with each
other. It is your choice whether to choose apple by itself for the analysis or include Earth in the
system. If Earth is not in your chosen system, then it is a part of the environment. It does not,
it absolutely DOES NOT mean that Earth does not matter, what it means, is that analyzing the
effects of Earth we need to remember that it is not part of our system.

Second, we differentiate between two notions: conserved and constant. A constant quantity
means that this quantity does not change with time. Velocity of a system can be constant,
acceleration of the system can be constant, the mass of the system can be constant,
momentum of the system can be constant, kinetic energy can be constant and so forth.
Constancy of a quantity DOES NOT mean that this quantity is a conserved quantity. Take for
example velocity of a system. It can be constant when the sum of the forces exerted on it is
zero (for observers in inertial reference frames). Imagine now that an object's velocity
decreased from 5 m/s to 0 m/s. While it is possible to find another object whose velocity at the
same time increased by 5 m/s, so that the total velocity of the two-object system remains
constant, it would be a very rare case (perfectly elastic collision of two equal mass objects), in
general the change of velocity of other objects depends on lots of factors. However, if you take
money for example (assuming the printing press is off and there is no mechanical loss due to
tearing and stuff). When one person loses $5, these $5 appear somewhere else. We can
always redefine our system to keep the amount of money constant. Amount of money is a
conserved quantity.

A conserved quantity is not necessarily constant in a particular system (you, as a system, did
indeed lose those 5 dollars, right?). It is only constant in an isolated system, but in any other
system is can change without stopping being conserved. Think of such conserved quantities
in physics: linear and angular momentum, mass in classical systems, total energy, electric
charge. As we know from Noether theorem, every conserved quantity is the result of some
symmetry in our world - temporal, spatial, or some more complicated symmetry as it is in case
of charge.

Why am | writing all this? Because the bar chart as a representation, works for ANY conserved
quantity. It is one of the most powerful representations in introductory physics. First brought to
physics instruction by A. Van Heuvelen, it was adopted by several textbook authors.
Unfortunately many of them did not understand that this approach only works for conserved
quantities and when you carefully define your system and the environment, without those two
parts the bar charts are more confusing than helpful.

Wow, it is a long post and | still did not get to the bar charts themselves. But | think ti was
absolutely necessary to explain these two ideas: the role of a system and the difference
between constancy and conservation before we move on. Bar charts - tomorrow.

https://www.facebook.com/groups/320431092109343/posts/948501812635598/? cft  [0]=
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feFghiPOOY8XE& tn  =%2C0%2CP-R

Eugenia Etkina
1. June 2021.

Hi all, | continue today with the bar charts. The idea behind a bar chart is the following (only
works for conserved quantities): choose your system and initial and final states. Represent the
initial state with a bar or bars (depending on what the bar chart is about) on the left side of the
chart and the final state - with a bar or bars on the right side of the chart. Use another bar in
the middle to represent the change in the quantity that the bar chart is for. Check whether the
sum of initial bars (bars can be negative if the quantity is directional or has a sign - like work)
plus the change bar is equal to the sum of the final bars. Use the bars to write an algebraic
representation of the process. Then solve for the unknown quantity.

We can do it for mass for a classical case. You have 2 kg of oranges and you represent it with
a bar on the left of 2 units of length. A friend comes to visit and you give them 0.5 kg of oranges
(represent it in the middle of the chart with a negative 0.5 unit bar). You are left with 1.5 units
in the final state - bar on the right side of the chart. Now we can write: 2 kg +(-0.5 kg) = 1.5
kg. Note, that the mass of the system has changed! Only if nobody takes or brings you oranges
(you are an isolated system), the mass of the system is constant in the process. However, it
is always CONSERVED as the mass does not disappear - we can always redefine the system
to find the missing mass.

We can repeat the same process for momentum once we choose a positive axis or axes if the
process is two dimensional (use a separate bar for each object's scalar component of
momentum). The initial state will have a few bars, and the final will too. The change bar is for
impulse (it is also directional, thus we can draw a positive or a negative component). Then we
can use the bar chart to write impulse-momentum equation for the process.

Again, the initial momentum is equal to the final momentum only when the external impulse is
zero. In this case, the momentum of the system is constant. However, even if the momentum
changes due to the impulse exerted on the system, the momentum of the system is still
CONSERVED as we can always redefine the system to find the missing or the extra
momentum. Both mass in classical processes and momentum are ALWAYS conserved, but
not necessarily constant.

We start bar charts with mass and momentum (Chapter 6 in the textbook), not with energy, as
it is more complicated. | will post notes relevant to energy tomorrow. See the Physics tool box
on page 157 in the textbook, | am attaching the screen shot here.
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Eugenia Etkina
7. June 2021.

Hi all, | am continuing with the energy bar charts today. But before | start, | am asking you to
sign up for the AAPT workshop (post of David Brookes) July 10-11. If we wish to have
advanced ISLE workshops, we need to have people who are familiar with ISLE to run them.
This is the longest of our introductory workshops (8 hours) and it allows you to experience the
ISLE process multiple times, from the first day of class till almost the last chapters. Do not
miss!

Now, back to work energy bar charts. Here we add the issue of friction. Imagine you have a
heavy box (your system). You and the carpet you are pulling it across are outside the system
- they are the environment. You are pulling the box at slow constant speed. Kinetic energy
remains constant and there are no other energies involved. You do positive work, friction
component of the force exerted on the box by the carpet does negative work and these works
are the same in magnitude as the forces are the same in magnitude. Therefore the total work
done on the box is zero. Yet, if you take an infrared photo of the bottom of the box you will find
it warmer (as well as the carpet). So the internal energy of the box increased (so did of the
carpet but as it is outside the system, we should not worry about it - yet). Where did this extra
internal energy come from? (see the the figure from the book). If we draw the bar chart for the
process it will not be balanced - it means that the energy is not conserved in this process. How
can this be? We have been learning that energy is a conserved quantity...
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https://www.facebook.com/groups/320431092109343/posts/949192522566527/?__cft__%5B0%5D=AZVn_bhv-Y2Uimuj5eXU9sq3GhBoePW2sX8I7IFsK3tjMXmQ1QqowtGKtKYmFDf9ges5DECsoGI5SBHk-akAIw1DaCybj3cu3ikcm77odR4xh3j4oQKMB_KN80-QUstgYmzT5ddgyzJ-ha3XAfE7ydSS&__tn__=%2CO%2CP-R

Traditionally, you would find an answer to this question - friction is a non-conservative force,
so energy is not conserved in this process. But as friction is present in almost all real processes
and with it, energy is not conserved, what is the point of even studying energy conservation if
it happens in only in a few rare cases?

We have a completely different approach here, arguing that energy is ALWAYS conserved.
To see where the extra internal energy came from, let's include the carpet in the system. Now
it does not do any work on the box, the only work done on the box is by you, and it is positive.
This positive work is equal to the increase of the internal energy of the box and the carpet. No
need to deal with non-conservative forces. Energy is constant in the process and thus
conserved. To see the details of how to calculate this increase in internal energy, please read
Chapter 7 section 7.5 in the textbook.

Wait a minute, you would say, how is it possible for the energy to be constant (and conserved)
in one system and not being conserved in another system for the same process??? | will leave
this question for you to ponder till tomorrow. Maybe we will get some "crazy ideas". Those who
attended our workshops know what this term "crazy ideas" means in ISLE. |, again, invite you
to join the workshop!

(c) K.+ WyoatWeon = K, + AU

0— —

https://www.facebook.com/groups/320431092109343/posts/952927972192982/? cft [0]=
AZWSg7ZJ0205zVnFsYaqyJbdY9gKdaCiaElskEkRzVgVEYqGe0XA5bJQfhoZWIWWPETryYi
t44mn5Au70G53DHIpxDKx7gCD3zdYP6X{KWpwOGrRZSOUISJjFGGAefx d6AAXCB5DOI
ScogbnUgqqgWNtY& tn =%2C0%2CP-R

Eugenia Etkina
9. June 2021.

Hi people, thank you for all your "crazy" ideas about the analysis of the system consisting of
the box only. Please read Bor Gregorci¢ reply for an answer that | agree with, although many
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https://www.facebook.com/groups/320431092109343/posts/952927972192982/?__cft__%5B0%5D=AZWSg7ZJ0205zVnFsYaqyJbdY9gKdaCiaElskEkRzVgVEYqGe0XA5bJQfhoZWfWWPEryYit44mn5Au7oG53DHIpxDKx7gCD3zdYP6XjKWpw0GrRZSOUlSJjFGGAefx_d6AAXCB5DOlScoq6nUqqgWNtY&__tn__=%2CO%2CP-R

others have great and useful ideas there too. Now, we are moving on. Brent W. Barker brought
in heat yesterday and this is where we are going now. This is chapter 15 in the textbook.
First, in order to move students away from thinking that heat is a thing similar to energy, we
use the term "heating" instead of "heat" and define it as a process of the transfer of energy to
a system without doing work when the system and the environment are at different
temperatures. When the environment is warmer, the heating is positive, when cooler -
negative. Positive heating does not necessarily lead to the warming up of the system (think of
an isothermal expansion for example)

Now that we are familiar with the internal energy change, all we need to do on the bar chart is
to add heating Q to the work W between the energies of the initial and final state. In this
approach the system does not do any work, the work is done ON the system only and the
energy is transferred to the system through heating. Work and heating depend on the process,
the energy is the state function. Heating similar to work does not reside in the system.

When mechanical energies of the system do not change (gas in a piston for example), then
the energy conservation statement (1st law of thermodynamics) is as follows: the change in
the internal energy of the system is equal to the work done on it plus energy transferred
through heating. When the gas is compressed - the environment does positive work on it,
when it expands - the work is negative. The figure for the book (Chapter 15) shows the bar
chart for an isobaric process. More details are in Chapter 15 (many-many more).

FIGURE 15.4 A work-heating-energy bar chart
for Experiment 2 in Table 15.1.

______ [ W+ Q =AU,

Constant (-_,_. I D

https://www.facebook.com/groups/320431092109343/posts/954013565417756/? cft  [0]=
AZUpa9ha3yFqgl8gL1LbBjeUs3GXnKTmWIPt6cvOQoGgZYt -t-
Ty40X67WVTOK7gb8x8aGHF GbjjaegEhIJhSG-
pZFmcBnl1zZQPssTKKAYgTFOGYGJjvfyyZ-

EemJhbErIDBRPgEsglU6CEAeyltAHe& th =%2C0%2CP-R
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Eugenia Etkina
17. June 2021.

Hi people, see the announcement below, it is a good opportunity to learn about ISLE if you
have not familiar with it. If you are familiar with it, it is still good to watch the video (new
sequence on photoelectric effect) and to participate in the event.

PoLS-T Network Monthly Speaker Series

Speaker: Eugenia Etkina, Rutgers University

Title: 'When Learning Physics Mirrors Doing Physics'

Moderator: Eric Mazur, Harvard University

Saturday, June 19, 11am-12pm EDT

More information (this link has everything you need to know to participate), you need to RSVP
- see the link again.

https://projects.iq.harvard.edu/.../pols-t-june-monthly...

RSVP/Sign Up Saturday Live Q&A Discussion Hour

Pre-Watch talk before the LIVE event via Perusall now (we will not be showing the talk during
the discussion hour!)

If you are not already familiar with Perusall, watching the talk on Perusall allows engagement
in asynchronous interaction with others as you watch. Set up a free Perusall account and use
course: MAZUR-8JESK.

YOUTUBE

If you do not wish to watch via Perusall or participate live, pre-watch the talk on YouTube and
also tune in to watch the Live Q&A discussion on Harvard’s PoLS-T Channel via YouTube
LIVE on Saturday 11am-12pm EDT.

Here is the link to it: https://www.youtube.com/channel/lUCRzn7nZ4f8JksXXUTrouSZg

https://www.facebook.com/groups/320431092109343/posts/958795838272862/? cft [0]=
AZX49u3G2  kQHcPPxpVDK1kIFNXrgNoepgHOAmMdaCxZvtl7-
MOY3BXNjx9ELgnMZ2 FcpZ5J4eGN9t3V19IpYy4JamAl8pQ0ZI bR o5pl ErLIIJ1MeAlgW
NcINcEVghnOS7ya8jbJAX47kSOHiLbg& tn  =%2C0%2CP-R

Eugenia Etkina

12. July 2021. -

Hi all, first, | welcome our new members who joined the group after surviving an 8-hour ISLE
workshop at the AAPT.

Second, | would like to introduce to you Anindya Roy who is a Data Scientist/Learning
Engineer at MIT. Anindya developed a collaborative video-watching platform which lets users
in different locations watch videos (say, from Youtube or our videos in the OALG, ALG or the
textbook) together in real-time, as they chat via video/text, and take notes on a shared
scratchpad. | just had a short session when | could see how the tool works and | think it is very
promising and very easy to use. If you are interested trying it with Anindya, send him an email
and he will meet with you. He is looking for people to use it with the students and give him
feedback. His email is anindya@zipsync.us.

https://www.facebook.com/groups/320431092109343/posts/974822936670152/? cft  [0]=
AZWdJE5Nt8osIBBbLL-
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cRMczbzXqgT5v493jYUmaRO0tGEsn a6au3Rv fy7azlojkcsK 3REjIAhY7dGbkolziNv91uFI50
Y LVNauK6fQx7-1cO0fUdWknx2JwsOmP3d1vql& tn  =%2C0%2CP-R

Eugenia Etkina
19. July 2021.

Hi all, we have a big group of new members who joined our community in the last 2 days.
REALLY BIG! This is wonderful, welcome new members! To benefit from the group, please
go to FILES, download them and start reading. The philosophical foundation of the all the
materials posted here is the Investigative Science Learning Environment approach to learning
and teaching physics. We call it ISLE (pronounced as a small island, E is silent). The ISLE
approach is an intentional approach to curriculum design. The two intentionalities of the ISLE
approach are: (1) students construct physics concepts by engaging in the processes that
mirror activities of physicists constructing and applying knowledge: (2) students' well being is
enhanced in the process. These two intentionalities permeate everything that ISLE students
experience - activities in class, class settings, assessment, etc. The textbook that follows the
same approach is "College Physics: Explore and Apply" published by Pearson (high schools
get an AP edition) authored by Etkina, Planinsic and Van Heuvelen. All high school and college
instructors can get a free examination copy from their Pearson rep. All other materials that
come with the book - the Active Learning Guide (ALG), the Active Learning Guide when
teaching on-line (OALG), and the instructor guide are free to use. OALG files with youtube
links for videos instead of Pearson links are published here, in the FILES. Please feel at home
here, ask questions and share your ideas!

https://www.facebook.com/groups/320431092109343/posts/979167956235650/? cft  [0]=
AZXHNpQdAFfHTkwIx2WGogMtwW5JuKSJcwltRusgMeY 1D7tVKIDUDNxVryVmDaDGEJHS
Kr2xQX2sB5SbTWiXBwtFghAkgOvm6 T 1HupzoXxfJXwUCKgmbtftkCUK tyJ8nb1sE& tn
=%2C0%2CP-R

Eugenia Etkina
22. July 2021.

Hi all, | have not posted anything in a while with the AAPT workshop, welcoming new
members, etc. | would like to resume to regular posts (more or less regular) to continue sharing
how the ISLE approach is different from other teaching/learning approaches and how this
knowledge can help you benefit from our textbook and materials more. Today | wanted to start
a conversation about the meaning of the words "hypothesis" and "prediction". While in science
textbooks and even in the NGSS these words are used interchangeably and without careful
definitions (students see both s educated guesses), when physicists use them, they do it
precisely and NEVER mix them up. First, let's see what these words mean.

Explanation is a statement of a possible reason for why something happened in the
experiment. It answers the questions “why” or “how”. An explanation might contain a
hypothetical mechanism of how something happened. In this case it is a mechanistic
explanation. For example the mechanistic explanation for drying of alcohol is the random
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motion of its particles. However, sometimes an explanation does not have a mechanism in it
- it only explains the causal aspect of the phenomenon. In this case it is a causal explanation.
For example an object’s acceleration is explained by the net force exerted on it and its mass.
If you are collecting data, an explanation might be an inference from the data — why the data
look they way they do.

Hypothesis is a synonym for an explanation. There are multiple hypotheses that can explain
what happened. A hypothesis should be experimentally testable.

Prediction is a statement of the outcome of a particular experiment (before you conduct it)
based on the hypothesis being tested. Without knowing what the experiment is, one cannot
make a prediction. A prediction is not equivalent to a hypothesis but should be based on the
hypothesis being tested.

Why do you think the firm distinction between a hypothesis/explanation and a prediction is
important in science? Once we have your ideas, | will post more.

https://www.facebook.com/groups/320431092109343/posts/980828729402906/? cft [0]=
AZWRkutkGPZg37TR5per _scrooJ4VGROV0fo7e6t99VSCMLBz JPMSisaJZUQ AmkgGqT
c7JH2gdVXk5E23cyQeWAkx8XiCgnRXHvp0 GH3T4WMePENnJNTOHCT6TstGL jA& tn

=%2C0%2CP-R

Eugenia Etkina
24. July 2021.

Good Saturday to everyone! | am continuing with the hypotheses/predictions chain. Thank you
all who contributed. There is one more important reason why we want our students to
understand the difference. A hypothesis is something that we TEST experimentally. The
prediction is something that we COMPARE to the outcome of the testing experiment. Thus a
prediction that does not match the outcome of the experiment is not WRONG. It shows a
mismatch and makes us think whether we need to revise the hypothesis or to examine
additional assumptions that went into the prediction. The prediction is only wrong when it is
not based on the hypothesis. The hypothesis is wrong when it makes predictions again and
again that do not match the outcomes of the testing experiments. More to come!

https://www.facebook.com/groups/320431092109343/posts/982225552596557/? cft  [0]=
AZUItdBFF9pkrWPA7gLIGmMP53xvMhy0zeKjb92-qa9pF s09i8kYQk4TXJQA-
DVbOOJEbhtX1flUAR1ktYyzADZOIbXSvru9wMiaJbT-

B640DU1Irg5ce8Bl4S8uQ24r94& tn =%2C0%2CP-R

Eugenia Etkina
26. July 2021.

Good morning, everyone! Today | continue with the arguments why our students should
understand the difference between a scientific prediction and a prediction based on their
intuition.
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Many curriculum approaches require students to make predictions using their intuition before
any experiment that they watch. There is a whole approach - POE - predict, observe, explain,
used in many curricula - Washington tutorials, Peer instruction, and many many others. Why
is it not a good idea in my opinion? When we ask students to make a prediction about a new
phenomenon using their intuition (for example, "what will happen if you drop two objects -
heavy and light, which one will reach the ground first?") they rely on their world experience, in
which air is a factor in such motion and in their experience (a correct one!) the heavy objects
fall faster. But when we ask this question, we mean the situation when air is not important. We
take two small objects of different masse and about the same shape and drop them. Those
students who predicted that the heavy one falls first are now "wrong" and have to rethink their
prediction. What does this exercise teach our students? First, that physics is different from
everyday life (as in everyday life they never experience the fall of objects without air), second,
that their intuition is wrong.

When we ask them to make predictions in the areas in which they do not have any experience
(DC circuits or even quantum mechanics), then their predictions are just guesses. If we repeat
this sequence many times, many of our students (especially females) start losing confidence
in their ability to do physics and do not develop the sense of belonging. While cognitive
dissonance is a good thing to make people think, the right place of this dissonance is VERY
important. It is not only important for the development of confidence but it also very important
for communicating the nature of science. No scientist will get a grant to run a testing
experiment which outcome is predicted based on intuition.

In the ISLE approach the predictions are always based on the hypotheses under test, not the
intuition. And then, the predictions are not right or wrong, the hypotheses are (or additional
assumptions). Running testing experiments becomes an exciting game instead of an exercise
"who is the smartest here?"

But when do students reconcile their intuition with the outcomes of the experiments? The
answer will come tomorrow. Stay tuned.
https://www.facebook.com/groups/320431092109343/posts/983474105805035/? cft  [0]=
AZVTnP5GjDBCUp6yxiGSI5Sk7bzUGVKIGRXQKxd90oH6gdISzdsnL XMyTDpYvzXRuNy1H7
d-

F4fXkVa69sHGtmI37GzpKUge83yK Q3DQLNC1jxw2Fmm9ErLNdLXMrDjoJBo& tn  =%2
C0O%2CP-R

Eugenia Etkina
29. July 2021.

Good morning everyone! We have a lot of new members who joined yesterday. welcome,
people! Please read my post of July 19th to know what to do to benefit from this group the
most. Today | will continue the conversation about the meaning of predictions and how to deal
with our students' intuition. WARNING: LONG POST.

As we talked about before, in the ISLE approach students make predictions of the outcomes
of the testing experiment using the hypotheses or "crazy ideas" (not their intuition) that they
have just developed to explain carefully selected observational experiments. Why don't we
ask them to make predictions before observational experiments the way the predict-observe-
explain (POE) approach does? | gave a lot fo arguments before why we do not do it but today
| will focus on the intuition.
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https://www.facebook.com/groups/320431092109343/posts/983474105805035/?__cft__%5B0%5D=AZVTnP5GjDBCUp6yxiGSl5k7bzUGVkIGRXQKxd9oH6gdISzdsnL_XMyTDpYvzXRuNy1H7d-F4fXkVa69sHGtml37GzpKUge83yK_Q3DQLNC1jxw2Fmm9ErLNdLXMrDjoJBo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/983474105805035/?__cft__%5B0%5D=AZVTnP5GjDBCUp6yxiGSl5k7bzUGVkIGRXQKxd9oH6gdISzdsnL_XMyTDpYvzXRuNy1H7d-F4fXkVa69sHGtml37GzpKUge83yK_Q3DQLNC1jxw2Fmm9ErLNdLXMrDjoJBo&__tn__=%2CO%2CP-R

Where does our students' intuition come from? It comes from being an observer in the outside
world speaking every-day common language. The observer is usually in a non-inertial
reference frame (as accelerating car, an elevator, etc.), surrounded by surfaces (thus lots of
friction) and communicating with other "observers" using common language (in which the word
electricity, for example, stands for everything - energy, power, current, electric charge, and
many more things, as we as force stands for force, energy, momentum, mass, and lots of other
stuff). This observer navigates this world using their intuition and does it very successfully.
Now, we take this person, place them in a physics "spherical cow" world and ask them to make
a prediction for a situation that either puts them into a reference frame that never thought about
(example with the moving ball coming out of a ring that David used, where the student needs
to make a prediction being on the ground while all their experiences are being an observer in
a rotating or revolving reference frame), or for a situation that they never experienced (objects
of different mass dropped in the world without air) or using the language that they do not really
understand (most of Newton's third law questions on FCI that make students confuse force
with damage).

The students make their predictions using their well developed intuition which is not wrong at
all if you consider an observer in a rotating reference frame, a person in the world with air and
the person for whom the term force is equated with damage, but in a physics class they are
wrong. When they do it repeatedly and they do not feel confident to begin with as physics is
new and very scary, what should happen to them? You all observed it, | know.

Now, how do we address intuition in the ISLE approach? We do it AFTER the students
developed their "crazy ideas" and tested them and feel good about themselves. Imagine that
the students constructed an idea that the force exerted on an object moving in a circle at
constant speed is towards the center. But then the question comes- why do we feel thrown
out when we are in a car making a turn? Here comes the discussion about the role of the
observer - where were you as an observer when we invented the idea of the force towards the
center? - on the ground! Where are you when you feel pulled outward in a turning car? - in a
non-inertial reference frame! this is the start of the discussion. The same goes for any
experiment for which the students make "wrong" predictions when asked "cold". AFTER they
have constructed the physics concept and understand WHEN it is applicable, they can discuss
how their intuition addresses a different situation compared to one in question, assumes a
different observer, or uses the language that they did not use when making their prediction.
Once they consider all three of those they (and you too!) will see how their intuition was not
wrong, it was just not applicable to the experiment or a situation that you gave them.

https://www.facebook.com/groups/320431092109343/posts/985272232291889/? cft [0]=
AZVgaq35UXYUxi1R8Bpp67epUEdBZ-
rxbd9ES5gWKwUIjzJrET8B8ku1zDhUeKChjBFByjLWYhBLtMg62MHAYdh MwEGIePmqdiw
HpPAsyw3Hb aSWRxvM 4vCTUHLjyOdI& tn  =%2C0%2CP-R

Eugenia Etkina
10. August 2021.
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https://www.facebook.com/groups/320431092109343/posts/985272232291889/?__cft__%5B0%5D=AZVgaq35UXYUxi1R8Bpp67epUEdBZ-rxbd9ES5gWKwUljzJrET8B8ku1zDhUeKChjBFByjLwYhBLtMq62MHAYdh_MwEGIePmqdiwHpPAsyw3Hb_a5WRxvM_4vCTUHLjyOdI&__tn__=%2CO%2CP-R

Hi all, | have not posted for a while being in a place with very slow internet and electricity that
goes out unexpectedly. | will try to resume my posts as much as technology allows. We have
been talking for a while about hypotheses and predictions, their epistemological differences,
and what is means to make a "wrong prediction". If you came into this conversation later,
please scroll down and read the posts backwards in time. Today | would like to finish this
discussion by bringing your attention to the formula of CER - claim -evidence-reasoning that
now became very popular in high school science.

While in some cases it is a good formula to use - for example you claim that near Earth not all
objects fall with constant acceleration acceleration of 9.8 m/s*2. The evidence is easy to
collect - drop a beach ball with the motion detector above and you will see a different in
magnitude acceleration. Then you can reason explaining why the acceleration is different
(buoyant force is important as well as drag if you drop from a really big height, if it is 1 m or
less then there is no drag).

However, epistemologically this approach is not always productive and in many situations
leads to unscientific conclusions.

Example: Claim: Days and nights on Earth are due to the Sun moving around Earth.
Evidence: The Sun goes every day from easterly direction to the westerly direction (rises and
sets) and so do all the stars.

Reasoning: The stars and the Sun are on a sphere that rotates around Earth, that is why we
see the Sun rising in the East and setting in the West (approximately). But when the stars are
attached to the sphere, the Sun moves across it during the year to change the locations of rise
and set.

Another example:

Claim: Air absorbs moisture.

Evidence: Spilled liquid dries.

Reasoning: Air sucks up moisture like a vacuum cleaner suck dust. The more air you blow on
the liquid (a hair dryer) the faster it dries.

I can go on and on with the examples that when you look for supporting evidence for your
claim, you can always find it. This is how the intelligent design claim works. There is lots of
supporting evidence for it. But what you cannot find is the evidence that disproves it. This is
the difference between scientific and non-scientific approach. Scientific claims have potential
to be disproved by evidence and non-scientific claims do not. Teaching our students to look
for contradicting evidence or for the testing experiments that will rule out the claim is real
science.

Another point, where do claim come from? To have ANY claim, we need to observe something
first. So, evidence is the start of ANY exploration, not a claim.

I can go on and on about it, | hope you see my point here. The ISLE process is more
complicated than CER approach but it resembles scientific processes much more closely. |
am attaching a slide with it to clarify.

https://www.facebook.com/groups/320431092109343/posts/993391594813286/? cft [0]=
AZX7r8fiUzAVLxw67M9I3knGPk0ZQyh8PMa3j6BPs1Fv39Q3LHVg6lQvuAvnjp 3V2SVeKKkit
yLiOOIEWW58ssCYtHrcyopDvyw22gmk 4Qc10ZQx8TL-ppKeb4cqw2WBe-
XONrZfvRgrKy00Ow2sundvi& tn  =%2C0%2CP-R

Eugenia Etkina
15. August 2021.
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Hi all, | am continuing with "thinking like a physicist" theme. A long time ago (18 years to be
precise, long before the NGSS and AP came up with their list of science practices) our
research group at Rutgers came up with a list of processes in which physicists engage while
doing physics. To carry out these processes people need to develop what we called "scientific
abilities) - do not confuse this word with skills, as skill is something that we do automatically
(riding a bicycle, for example) while an ability is something that we know how to do but need
to think every time we do it.

The list of these abilities and self assessment rubrics to be used by the students and the
teachers is free for everyone to use and they are at
https://sites.google.com/site/scientificabilities/.

Please read the descriptions of different abilities and go to the rubrics to see the rubrics. There
are also tons of labs posted for in-person teaching and for teaching on-line. There are a few
really important documents in the References in the ISLE labs tab, | will comment on them
tomorrow, but you are free to download and read them before.

https://www.facebook.com/groups/320431092109343/posts/996590871160025/? cft  [0]=
AZV1w9aJ03AnfLhw844szGbQ-6vb3MTYcH-MM _hzrwSPhUUDMR-W-
GZxi02nRAdCgp5Ae4J-QxYhuUSINY-

HQai8qR21YbelZ1mOhCCAgqZzzl 9CKr3qElyVgqZj91irnHd4ilhytx7WY1VTyukm5 B& tn
=%2C0%2CP-R

Eugenia Etkina
17. August 2021.

Hi people, if you are teaching AP or using the ISLE approach, please join the event that Yulia
posted yesterday. We will talk about the coherence of physics and about problem solving
approaches. These two issues have been found to be very important for learning physics.
Coherence: our students often see physics as a collection of unconnected facts to be
remembered (when we teach lessons as a string of activities it exacerbates the problem -
students move through the motions from activity to activity without seeing a big picture). When
there is no coherence, chunking does not occur, and as we know, without chunking, there is
not much that is remembered. But there is much more to the coherence issue than chunking
- it is seeing the big picture behind all those "formulas" that the students need to learn. How
do we help our students see the beautiful coherence and connectedness of physics?
Problem solving: We are all familiar with "I know the theory but | cannot solve problems"
statement from our students and we hear "what is the right formula?" question often. How do
we help our students develop expert approaches to problem solving and at the same time help
them feel that they CAN solve physics problems? "College Physics: Explore and Apply" offers
a unique approach to problem solving - it is based on years of research and practice. What is
it and how do you implement it?

Join the meeting and you will learn. The invite is in yesterday's post.

https://www.facebook.com/groups/320431092109343/posts/997695021049610/? cft  [0]=
AZWCsJ1Dg3GqzERIID79aBvnR24W4wRWENnNpjfvbXI-
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https://www.facebook.com/groups/320431092109343/posts/997695021049610/?__cft__%5B0%5D=AZWCsJ1Dg3GqzERIlD79aBvnR24W4wRWENnpjfvbXI-Sy3d6HNJBMps08SRWxCnoIoqzZL3NEDJ3uypBbi_fxAcpz22zszUBoO5D3sjAUtZUcSy-065wTqKOnx2-cRaM41A&__tn__=%2CO%2CP-R

Sy3d6HNJBMps08SRWxCnologzZL. 3ANEDJ3uypBbi fxAcpz22zszUBo0O5D3sjAUtZUcSy-
065wTgKONnx2-cRaM41A& tn  =%2C0%2CP-R

Eugenia Etkina
21. August 2021.

Hi all, thank you those who attended the meeting yesterday. Thank you, Yulia Turchaninova
for organizing it! | am not very good at organizing and | am very thankful that Yulia did it.

We do not have the recording but | am posting the slides that | used. Please ask questions is
something is not clear. | will post more about problem solving strategy. Andrew Yolleck, please
ask your question here, so that | can answer for everyone. The topic for our next meeting came
from a question that was asked yesterday: How do we deal with the pacing when our students
are engaged in the construction of their own knowledge? What tools do we have to make sure
that the students are exposed to the needed breadth of the material?

We actually have many tools that allow us to do it and | will share them in the next meeting
which will be on September 10th at 3 pm EST, 5 pm PDT. Yulia Turchaninova will post the
notice. | know that this time is not convenient for those in Europe, | am sorry for this. We will
try to record the meeting from the beginning next time. Thank you all again for participating!
https://www.facebook.com/groups/320431092109343/posts/1000440214108424/? cft [0]
=AZUdKCP7GXlopw_E8IQbns1JWQL69McX2QmIOXQYrFU6-
2bZ1DF55B9DC2MWT9R0oTGBA6WUr4PsdrfOLehlfqdjWnMj2ufPmyYJxQ8lc4g8-
kFcOg6ADNx5bHtBa9Zb 54rhc2RUg3qgptEz-0G0Oql-Y3& tnh  =%2C0%2CP-R

Eugenia Etkina
21. August 2021.

Anindya Roy asked a questions about problems and misconceptions, | responded in a
comment but could not post a video (see my response in the post with the ppt for the meeting
yesterday). It looks like the person who posted the video removed it and it is not available.
Therefore | am explaining it here.

What does the term "misconceptions” mean? It means a conception (1) that it wrong (2). It
also kind of tells us that if a person has a wrong conception, our goal is to help them get rid of
it (3). Below | will explain why all three ideas need to be reexamined very carefully.

(1) Research shows that the students do not hold firm conceptions about the physical world.
They have bit and pieces, small ideas that they put together in different combinations when
we ask them a question. Depending on the context their answer will change. But these small
ideas in their heads can be productive resources when they learn, not obstacles as the old
education research taught us.

(2) "Mis" part in the word misconceptions. The "mis" part is tricky. What we see as a "wrong"
idea is almost never absolutely wrong. We can always find the context in which it is correct or
replace the word that the student is using and the wrong answer becomes correct. | will give
you two examples. You ask a student when you drop two objects - heavy and light - which one
will fall first?. The student says - the heavy one. And they are absolutely right - on Earth in the
presence of air, the heavier object always falls faster. But you were thinking of a very special
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https://www.facebook.com/groups/320431092109343/posts/997695021049610/?__cft__%5B0%5D=AZWCsJ1Dg3GqzERIlD79aBvnR24W4wRWENnpjfvbXI-Sy3d6HNJBMps08SRWxCnoIoqzZL3NEDJ3uypBbi_fxAcpz22zszUBoO5D3sjAUtZUcSy-065wTqKOnx2-cRaM41A&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/997695021049610/?__cft__%5B0%5D=AZWCsJ1Dg3GqzERIlD79aBvnR24W4wRWENnpjfvbXI-Sy3d6HNJBMps08SRWxCnoIoqzZL3NEDJ3uypBbi_fxAcpz22zszUBoO5D3sjAUtZUcSy-065wTqKOnx2-cRaM41A&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000440214108424/?__cft__%5B0%5D=AZUdKCP7GXIopw_E8lQbns1JWQL69McX2QmIOXQYrFU6-2bZ1DF55B9DC2MWT9RoTGBA6wUr4Psdrf0LehlfqdjWnMj2ufPmyYJxQ8Ic4g8-kFc0q6ADNx5bHtBa9Zb_54rhc2RUg3qptEz-0GOqI-Y3&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000440214108424/?__cft__%5B0%5D=AZUdKCP7GXIopw_E8lQbns1JWQL69McX2QmIOXQYrFU6-2bZ1DF55B9DC2MWT9RoTGBA6wUr4Psdrf0LehlfqdjWnMj2ufPmyYJxQ8Ic4g8-kFc0q6ADNx5bHtBa9Zb_54rhc2RUg3qptEz-0GOqI-Y3&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000440214108424/?__cft__%5B0%5D=AZUdKCP7GXIopw_E8lQbns1JWQL69McX2QmIOXQYrFU6-2bZ1DF55B9DC2MWT9RoTGBA6wUr4Psdrf0LehlfqdjWnMj2ufPmyYJxQ8Ic4g8-kFc0q6ADNx5bHtBa9Zb_54rhc2RUg3qptEz-0GOqI-Y3&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000440214108424/?__cft__%5B0%5D=AZUdKCP7GXIopw_E8lQbns1JWQL69McX2QmIOXQYrFU6-2bZ1DF55B9DC2MWT9RoTGBA6wUr4Psdrf0LehlfqdjWnMj2ufPmyYJxQ8Ic4g8-kFc0q6ADNx5bHtBa9Zb_54rhc2RUg3qptEz-0GOqI-Y3&__tn__=%2CO%2CP-R

case of small objects for which the drag is not important. The student did not know about the
context and was not familiar with it. If you ask them about dropping two objects in a vacuum,
the answer should be - | have no idea, | never saw it.

The second example is from language. A student explaining why an objects thrown upward
stops and comes back says: "The force of your hand runs out and gravity takes over". Clearly
a wrong answer, right? But if you replace the word "force of your hand" with "momentum of
the ball", the answer is almost perfectly correct.

(3) Can we help students get rid of the wrong ideas? When we think that they are really wrong
is all contexts with all language issues. The answer is NO. Any idea is a physical part of our
brain. To get rid of it is only possible through brain surgery. What can we do then? We need
to help a student realize what context we mean and what language to use and how to apply
their ideas productively in a specific situation that we have in mind. This way student ideas
become PRODUCTIVE RESOURCES TO BUILD ON instead of the wrong stuff to get rid of.
There is a whole theoretical framework called KIP - knowledge in pieces that helps us learn
how to use student ideas to build on them. Does it make sense?

https://www.facebook.com/groups/320431092109343/posts/1000546160764496/? cft  [0]
=AZXmc2kRIkRB5nkbc3A8YuvF2XRSnMNJhVy3QrcD-
EzpuYIWaqrzFfx3NBrAYJYorC0aCVbctj8gbiieGu6QjnUPoNDYYxGj6u19mmFh9LjJ4Rwn2L
ZCJHcDbc7g7Mg4nHY& tn =%2C0%2CP-R

Eugenia Etkina
29. August 2021.

Hi all, as the new school year is right here (and many of you probably started already) and we
have new members joining the group every day, and people are asking questions about the
resources, | am going to summarize in this post what we have and how to find it. It is a VERY
LONG post, so please be patient. All resources that | describe here follows the Investigative
Science Learning Environment (ISLE) approach to learning and teaching physics, papers
about it are posted in the FILES, if you want to learn more about it, please post your questions
here.

1. Textbook College Physics: Explore and Apply (2nd edition). The same textbook marketed
for high schools says: College Physics: Explore and Apply AP Edition. The authors are Etkina,
Planinsic and Van Heuvelen. On the cover is a woman on a bicycle. If you have College
Physics with the first author Etkina, but the middle author Gentile, you have the first edition. It
is outdated and other supporting materials do not work with it (unless they were made for this
edition). The textbook comes as a hard copy or an e-text. Pearson is very generous with the
e-text, so if you want your students to use it, negotiate with your Pearson rep. If you have
difficulties with the rep, send me an email directly. The textbook has lots of unique approaches
to the content, representations, language, problems, logical flow of the material, etc. If you
have it, you need to read it as if you NEVER studied physics. systematically, starting with
Chapter 1. If you skim it, thinking that you know algebra-based physics and do not need to
read the details, you will lose the benefits of our approach which is heavily based on research
and hundreds of years of practice. | cannot emphasize enough how important is to READ
EVERY WORD carefully and think about it. The justification for all our pedagogical moves is
in the Instructor Guide which | will mention later in the post. Reading Instructor Guide will let
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https://www.facebook.com/groups/320431092109343/posts/1000546160764496/?__cft__%5B0%5D=AZXmc2kR9kRB5nkbc3A8YuvF2XRSnMNJhVy3QrcD-EzpuYlWaqrzFfx3NBrAYJYorC0aCVbctj8gbiieGu6QjnUPoNDYYxGj6u19mmFh9LjJ4Rwn2LZCJHcDbc7g7Mg4nHY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000546160764496/?__cft__%5B0%5D=AZXmc2kR9kRB5nkbc3A8YuvF2XRSnMNJhVy3QrcD-EzpuYlWaqrzFfx3NBrAYJYorC0aCVbctj8gbiieGu6QjnUPoNDYYxGj6u19mmFh9LjJ4Rwn2LZCJHcDbc7g7Mg4nHY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000546160764496/?__cft__%5B0%5D=AZXmc2kR9kRB5nkbc3A8YuvF2XRSnMNJhVy3QrcD-EzpuYlWaqrzFfx3NBrAYJYorC0aCVbctj8gbiieGu6QjnUPoNDYYxGj6u19mmFh9LjJ4Rwn2LZCJHcDbc7g7Mg4nHY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1000546160764496/?__cft__%5B0%5D=AZXmc2kR9kRB5nkbc3A8YuvF2XRSnMNJhVy3QrcD-EzpuYlWaqrzFfx3NBrAYJYorC0aCVbctj8gbiieGu6QjnUPoNDYYxGj6u19mmFh9LjJ4Rwn2LZCJHcDbc7g7Mg4nHY&__tn__=%2CO%2CP-R

you learn the results fo the last 40 years of physics education research and see how they are
applied in practice.

2.The second edition comes with all solutions for all questions and problems and a test bank
and a set of ppt slides - all on Mastering Physics platform that your rep will give access to.

3.The second edition comes with the Active Learning Guide (same authors + David
Brookes(free on Mastering Physics) which is a set of word documents with sequenced
activities for EVERY chapter (all solutions are available on MP). Last summer we created the
online version fo the ALG, called OALG. It is posted on MP too, in addition the versions of the
OALG files with the youtube links are posted here. | was posting them as soon as we made
them before Pearson made their links for our videos.

4.We wrote an extensive Instructor Guide for the second edition which is posted on MP and
here (also free). Last summer we created Chapter 1 for the ALG and OALG (they did not exist
before) - for the beginning of the school year and wrote an addition Chapter 1 for the 1G (I
posted it here a year ago and reposted a few days ago again). Chapter 1 in all three docs -
ALG, OALG and IG is crucial for the beginning for the school year.

5. In addition to the resources associated with Pearson work we have several websites where
all materials are free and consistent with the ISLE approach. | am repeating the links here as
some of you came to the group after | wrote about them. Here are the links, feel free to explore:
http://pum.islephysics.net/. - ask for teacher access

http://islephysics.net/pt3/

https://islephysics.net/

https://sites.google.com/site/scientificabilities/

https://www.facebook.com/groups/320431092109343/posts/1005607196925059/? cft  [0]
=AZXyRICBUJJJCd-|{ISh7AX1Skm 0OAef50K2WJ-

0Y6AVhcj JL2tG10FH9D2KjGotWW18c3A-

Vg90VgQUAYRCbdoEOs6 NnsVa9dNIWouc2g4z- zxan1QUDoiaCBN-
pLPjlIIAYRsUDO7EiUIG-myrsT& tn  =%2C0%2CP-R

31. August 2021.

Hi all, some fo you invite friends to the group and they do not answer the question for being
admitted into the group that is very important. They probably do not even know that you invited
them. | am asking you to tell your friends about the group and invite them to apply themselves
and answer the question. This way we will not have members who are not participating. So far
out of 1100 members that we have about 200-300 are not participating (looking at the posts)
and it would be great to have everyone participate. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1007049556780823/? cft [0]
=AZVm3de0Im64StfyTfUCugC s1HreUaCUOyqqK67tjYyeOnYVYB67 wivqTtnYUiAkkjczn3
KT1NWIr-

GghptfRZnY7h4PhBY GoLT3Xalw3hfg1R9p0cDgnllpZO5gcpvsfU& th  =%2C0%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1005607196925059/?__cft__%5B0%5D=AZXyRlCBUJJJCd-jISh7AX1Skm_oOAef50K2WJ-oY6AVhcj_JL2tG1OFH9D2KjGotWW18c3A-Vq9oVqQUAYRCbdoEOs6_NnsVa9dNIWouc2q4z-_zxqn1QUDoiaCBN-pLPjIIAyRsUD07EiUlG-myrsT&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1005607196925059/?__cft__%5B0%5D=AZXyRlCBUJJJCd-jISh7AX1Skm_oOAef50K2WJ-oY6AVhcj_JL2tG1OFH9D2KjGotWW18c3A-Vq9oVqQUAYRCbdoEOs6_NnsVa9dNIWouc2q4z-_zxqn1QUDoiaCBN-pLPjIIAyRsUD07EiUlG-myrsT&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1005607196925059/?__cft__%5B0%5D=AZXyRlCBUJJJCd-jISh7AX1Skm_oOAef50K2WJ-oY6AVhcj_JL2tG1OFH9D2KjGotWW18c3A-Vq9oVqQUAYRCbdoEOs6_NnsVa9dNIWouc2q4z-_zxqn1QUDoiaCBN-pLPjIIAyRsUD07EiUlG-myrsT&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1005607196925059/?__cft__%5B0%5D=AZXyRlCBUJJJCd-jISh7AX1Skm_oOAef50K2WJ-oY6AVhcj_JL2tG1OFH9D2KjGotWW18c3A-Vq9oVqQUAYRCbdoEOs6_NnsVa9dNIWouc2q4z-_zxqn1QUDoiaCBN-pLPjIIAyRsUD07EiUlG-myrsT&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1005607196925059/?__cft__%5B0%5D=AZXyRlCBUJJJCd-jISh7AX1Skm_oOAef50K2WJ-oY6AVhcj_JL2tG1OFH9D2KjGotWW18c3A-Vq9oVqQUAYRCbdoEOs6_NnsVa9dNIWouc2q4z-_zxqn1QUDoiaCBN-pLPjIIAyRsUD07EiUlG-myrsT&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1007049556780823/?__cft__%5B0%5D=AZVm3de0Im64StfyTfUCugC_s1HreUaCU0yqqK67tjYye0nYVYB67_wtvqTtnYUiAkkjczn3KT1NWr-GghptfRZnY7h4PhBYGoLT3XaIw3hfq1R9p0cDqnllpZO5gcpvsfU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1007049556780823/?__cft__%5B0%5D=AZVm3de0Im64StfyTfUCugC_s1HreUaCU0yqqK67tjYye0nYVYB67_wtvqTtnYUiAkkjczn3KT1NWr-GghptfRZnY7h4PhBYGoLT3XaIw3hfq1R9p0cDqnllpZO5gcpvsfU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1007049556780823/?__cft__%5B0%5D=AZVm3de0Im64StfyTfUCugC_s1HreUaCU0yqqK67tjYye0nYVYB67_wtvqTtnYUiAkkjczn3KT1NWr-GghptfRZnY7h4PhBYGoLT3XaIw3hfq1R9p0cDqnllpZO5gcpvsfU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1007049556780823/?__cft__%5B0%5D=AZVm3de0Im64StfyTfUCugC_s1HreUaCU0yqqK67tjYye0nYVYB67_wtvqTtnYUiAkkjczn3KT1NWr-GghptfRZnY7h4PhBYGoLT3XaIw3hfq1R9p0cDqnllpZO5gcpvsfU&__tn__=%2CO%2CP-R

Eugenia Etkina
8. Semptember 2021.

Hi all, over the last 20 years | have given over 300 talks and conducted over 200 workshops
about the ISLE approach. At the end of every event, when there is time to ask questions, one
question is always present: How do you manage to engage students in such discovery
learning and at the same time preserve the amount of material that you teach? We have many
unique strategies that address this question, and this Friday, we will have a special session
dedicated to it. Those who signed up to attend will benefit if they have the textbook handy and
OALG Chapter 1 (it is posted here, the file is called ALG Chapter 1 for online instruction). The
link to the zoom meeting is below. It starts at 8 pm EST. If you are new to the group, please
reply to the invitation posted by Yulia Turchaninova.

https://www.facebook.com/groups/320431092109343/posts/1011576302994815/? cft  [0]
=AZVKvnaL6jfVU5y9UMOIEFyR9nnogP9 AIViUp82AnEC2gBFn2TmH1jXel-P-
tQJiPnuvEi6m rjidvFqg304m46pKpWbtrFO6Tb7ivaXJv9q92mWs-
5jajblICMyng51YDAMIagDAXba57HfFESYJIPLP& tn =%2C0%2CP-R

Eugenia Etkina
11. Semptember 2021.

Hi all, thanks to Yulia Turchaninova we have the recording of the yesterday's meeting. To be
able to understand what is going on, you will need access to the folder with the materials. The
link to the folder is here: https://drive.google.com/.../1Li7W....

You will need to open the google slides document and follow the video with the slideshow and
by opening the relevant documents. Thank you all for coming yesterday!

The link to the video is https://us02web.zoom.us/.../YJaPAnrSYKUagqTbackhoMNCSONnXS...
and the password is ?DDJ3zxC

Please let us know if something does not work. We will announce shortly when the next
meeting will be. The topic will be addressing student resistance to this type of learning.
Video Conferencing, Cloud Phone, Webinars, Chat, Virtual Events | Zoom
us02web.zoom.us

https://www.facebook.com/groups/320431092109343/posts/1014082782744167/? cft [0]
=AZVSuL73-

P pErg0fxqtyS56ScjvyDgyiTMUJKJYGTCZwYUj2tMLtgz014ZfEKrOX sH1nsOwIK6-
3mR7RFE1NkhwsnchS7eb8bHIHY 1PPjgy0zaKWOVQkaW53FGbLBcrszIxgezKMuRrCIEXT
E35fVU& th  =%2C0%2CP-R

Eugenia Etkina
12. rujna 2021.
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https://www.facebook.com/groups/320431092109343/posts/1011576302994815/?__cft__%5B0%5D=AZVKvnaL6jfVU5y9UM0IEFyR9nnoqP9_AlVtUp82AnEC2qBFn2TmH1jXel-P-tQJiPnuvEi6m_rj4vFqg304m46pKpWbtrFO6Tb7ivaXJv9q92mWs-5jajbICMyng5IYDAMlagDAXba57HfFESyJ9PLP&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1014082782744167/?__cft__%5B0%5D=AZVSuL73-P_pErq0fxqtyS56ScjvyDgyiTMUJKJYGTCZwYUj2tMLtgz0I4ZfEkrOX_sH1nsOwIK6-3mR7RFE1NkhwsncbS7eb8bHlHY1PPjgy0zaKWOVQkaW53FGbLBcrszIxgEzKMuRrClExTE35fVU&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1014082782744167/?__cft__%5B0%5D=AZVSuL73-P_pErq0fxqtyS56ScjvyDgyiTMUJKJYGTCZwYUj2tMLtgz0I4ZfEkrOX_sH1nsOwIK6-3mR7RFE1NkhwsncbS7eb8bHlHY1PPjgy0zaKWOVQkaW53FGbLBcrszIxgEzKMuRrClExTE35fVU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1014082782744167/?__cft__%5B0%5D=AZVSuL73-P_pErq0fxqtyS56ScjvyDgyiTMUJKJYGTCZwYUj2tMLtgz0I4ZfEkrOX_sH1nsOwIK6-3mR7RFE1NkhwsncbS7eb8bHlHY1PPjgy0zaKWOVQkaW53FGbLBcrszIxgEzKMuRrClExTE35fVU&__tn__=%2CO%2CP-R

Hi all, we have lots of new members joining in. Welcome! Please read Announcements to
learn what the group is about, what philosophy of learning we try to promote and what
materials are posted here (LOTS). Make sure you go to FILES to download what is posted
there. If you do not have the textbook College Physics: Explore and Apply (regular or AP
edition), contact your Pearson rep for a free examination copy. All other materials are free on
Mastering Physics Platform of Pearson. If you have any issues finding your rep, please email
me at eugenia.etkina@gse.rutgers.edu

Starting today, | will post about each chapter what to focus on and how to help students.

https://www.facebook.com/groups/320431092109343/posts/1014647426021036/? cft  [0]
=AZXvEQkrTHBE UxaDBxjLodTigbDaNh2LhFhshpIXNtd05cAID3zhnR-
mvfHow97QUM609DerLcXrk9UJ-
Lf18h7pm0zTfJOONqoTnLXuyO5ZjSOXXdhHMTcP8bmGbTzkxo& tn  =%2C0%2CP-R

Eugenia Etkina
13. Semptember 2021.

Hi all, two things - please vote for the time for the next meeting - the poll is below. Our last
meeting originated from the question that Owen asked, the coming up one will be partly
dedicated ot the question that llya Yashin asked. However, his question will only take about
20-25 min to work through and we will have more time, thus - please post your questions here
so that we can decide what to discuss at the meeting.

Second, | promised to talk about chapters in order .starting from Chapter 1 in the textbook and
going on (for the new members, the textbook is College Physics: Explore and Apply by Etkina,
Planinsic and Van Heuvelen, both regular and AP editions).

Today | what to focus on in Chapters 1 and 2. Chapter 1 - make sure that you do some of the
beginning activities in the OALG or ALG (cameras, wet glass or balloon) so that the students
can relate to the representation fo the ISLE process for developing knowledge (page 4, added
here). The next important things (all is important, but those - especially) - is "How to use this
book to learn physics" section (1.6). There are links to all the videos - in the ALG and he
textbook, and instructions on how interrogate the text and solve problems. | suggest returning
to this section every time you are working with the students on relevant assignments. (See the
slides for our two meetings and the video to learn how to do reading interrogation).

In Chapter 2 three things are important - 1) making sure that the students learn how to draw
complete motion diagrams - with the delta v arrows, not just the dots. The delta v arrows are
crucial for being able to draw good force diagrams.

2) Making sure that the students understand the role of the Experiment tables in their learning.
Some students and teachers skip them and proceed to the ready equations, and this is a big
mistake as the nature of physics disappears and the book becomes the textbook similar to
many others. Same is true for worked examples.

3) Making sure that the students firmly understand the difference between velocity and
acceleration. Asking "contrasting questions" - such as "Please give me an example of the
situation when the velocity is zero and acceleration is not?" or "Give me an example of an
object speeding up and having negative acceleration”, etc. is very important. Lots of such
questions are in the End of Chapter Problems and Questions section.
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https://www.facebook.com/groups/320431092109343/posts/1014647426021036/?__cft__%5B0%5D=AZXvEQkrTHBE_UxaDBxjLodTiqbDaNh2LhFhshpIXNtd05cAID3zhnR-mvfHow97QUM609DerLcXrk9UJ-Lf18h7pm0zTfJ00NqoTnLXuyO5ZjS0XXdhHMTcP8bmGbTzkxo&__tn__=%2CO%2CP-R

| cannot overemphasize how important it is for the teachers to read our textbook as if they
have never studied physics. It is only when you do it this way, you catch all the little (and big!)
things we put there to help students learn.

Please ask questions about those two chapters!

FIGURE 1.3 Science is a cyclical process for
creating and testing knowledge.

If not, check

https://www.facebook.com/groups/320431092109343/posts/1015255452626900/?  cft

Design a test

and make
predictions

EXPLORE

APPLY

[0]

=AZWUpi1ATT1cUrwUBjPasjhNHP-

1ECtkjRyyQZJ7MfSe1zKjX7SiSaauVFIUCO yNsGWMeCbrZB74s6 _aUZRAkIwrUImDrL6gq

kKN1VF1QxIdDMFW8q_K-O0gqRgYP2-r3WQHmMXGKYrr601D2cSQnuX-

[E& th  =%2C0%2CP-R

Eugenia Etkina
14. Semptember 2021.
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https://www.facebook.com/groups/320431092109343/posts/1015255452626900/?__cft__%5B0%5D=AZWUpi1ATT1cUrwUBjPasjhNHP-1ECtkjRyyQZJ7MfSe1zKjX7Si5aauVFfUCO_yNsGWMeCbrZB74s6_aUZRAklwrUlmDrL6gqkN1VF1QxldDMFW8q_K-O0qRgYP2-r3WQHmXGKYrr601D2cSQnuX-jE&__tn__=%2CO%2CP-R

Hi all, | continue today with a little bit of Chapter 2 stuff, kinematics - before | move to Chapter
3, forces.

Today | will talk about embodied cognition. Or, in other words, asking students to act out a
physical process, a mathematical expression or anything you want them to understand. It is a
very useful method when teaching in person, but could be used when teaching online too.
And example from kinematics is asking your students to act out a mathematical description of
motion (we have activities like this in the ALG), for example you invite one student in front of
the class and ask the rest of the class to give her directions to act out the following
mathematical representation: x =2 m + (-1 m/s)t.

To give directions the students need first to choose the zero x point in the classroom and the
positive direction. Then they need to figure out how big 1 m is (not all know) how to move to
cover 1 m every second. Then they usually tell the actor to stand 2 m away from the origin and
when they say go (zero time), start walking in the negative direction (towards the origin)
making 1 m every second.

Is this correct? When | ask my students this question, they all agree that it is correct. | am the
only one who disagrees. While the numbers are right, the understanding of what happens at
the time zero is not. The actor does not start at this time. At time zero she is ALREADY
WALKING AT CONSTANT SPEED! So, how to enact this expression then? The students
come up with the following directions: The actor is walking at 1m/s towards the origin being
away from it more than 2 meters, while everyone else in class sits with their eyes closed. When
she is passing the 2 m mark she claps her hands and everyone opens their eyes and sees her
passing the 2 m mark walking at constant speed towards the origin and passing the origin 2 s
later.

This simple exercise helps the students understand the difference between the beginning of
motion and the beginning of our observations of motion - this is what our traditional "zero"
subscripts stand for. Initial speed is not the starting speed, it is the speed when the observer
started observing the motion. Read Example 2.5 in the textbook to see this subtle important
idea used in the problem solving process.

https://www.facebook.com/groups/320431092109343/posts/1016080945877684/? cft  [0]
=AZV0imifeD8ft1 UWZp7x2EksfjAk6 Xhsph-
EIHB5GdvJHEzdFZ4EMprVymBoSh0ZV5siSPcDPPXO2KFQH3N ZmzKikAiISEWg45iYWv
UgNZPpeVDU3gKapE3x0aXBD8bZjO4& tn  =%2C0%2CP-R

Eugenia Etkina
17. Semptember 2021.

Hi all, two things today:

1. Our next meeting is on October 15th at 6 pm EST (the majority voted for this time, |
hope that those who voted for 5 pm can join too). We will record it and the slideshow
will be in the google folder, the link to which | posed before. We will create the even
and post zoom link ASAP.

2. We are starting dynamics. Chapter 2 is about linear dynamics, when forces are exerted
in one direction only. There are many important things in this chapter but | will start
with one that is absolutely crucial for the ISLE approach - testing hypotheses. In this
chapter students have their first opportunity to test an idea that many of them hold:
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https://www.facebook.com/groups/320431092109343/posts/1016080945877684/?__cft__%5B0%5D=AZV0imif6D8ft1UWZp7x2EksfjAk6Xhsph-EIHB5GdvJHEzdFZ4EMprVymBoSh0ZV5siSPcDPPXO2KFQH3N_ZmzKikAiSEWq45iYWvUqNZPpeVDU3gKapE3xoaXBD8bZjO4&__tn__=%2CO%2CP-R

specifically, that air pushes down on objects. This idea comes up when the students
are trying to analyze what objects interact with the ball that they are holding in their
hand (the first step to inventing the concept of a force). All of them say that air is one
of the objects and most say that air pushes down. We have an amazing experiment
that tests this idea. The description of the experiment is in the book and | paste here
the page where it is done. The video of the experiment is in the ALG, see the link below
(the same experiment is on our isle video website too). But the video will not work if
the students do not reason to the prediction of the outcome based on their hypothesis,
thus it is crucial that you read the page that you post here BEFORE doing it with the
students. https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...

Testing a hypothesis @ i

To test a hypothesis in science means to first accept it as a true statement (even if we
disagree with it); then design an experiment whose ouicome we can predict using this
hypothesis (a testing experiment); then compare the outcome of the experiment and
the prediction; and, finally, make a preliminary judgment about the hypothesis. If the
outcome matches the prediction, we can say that the hypothesis has not been disproved
by the experiment. When this happens, our confidence in the hypothesis increases. If
the outcome and prediction are inconsistent, we need to reconsider the hypothesis and
possibly reject it.

To test the hypothesis that air exerts a downward force on objects, we attach an FIGURE 3.3 A testing experiment to determine

empty closed water bottle to a spring and let it hang; the spring streiches (Figure 3.3a). the effect of air on the bottle.
Next we place the bottle and spring inside a large jar that is connected to a vacuum (@) 0
pump and pump the air out of the inside of the jar. We predict that i the air inside the B
jar pushes down on the bottle (the hypothesis), then when we pump the air out of the
jar, it should be easier to support the bottle—the spring should stretch less (the predic-
tion that follows from the hypothesis).

When we do the experiment, the outcome does nol maich the prediction—
the spring actually stretches slightly more when the air is pumped out of the jar
(Figure 3.3b). Evidently the air does not push down on the bottle; instead, it helps sup-
port the bottle by exerting an upward force on it. This outcome is surprising. If you
study fluids, you will learn the mechanism by which air pushes up on objects. .

3
¥

We attach a bottle

te a spring. The

VWA

spring stretches

TETTTTTIIT]

-
[mamani

€
1

Reflect ® =

Let’s reflect on what we have done here. We formulated an initial hypothesis—air .
pushes down on objects. Then we designed an experiment whose outcome we could =
predict using the hypothesis—the bottle on a spring in a vacuum jar. We used the hy-
pothesis to make a prediction of the outcome of the testing experiment—the spring
should stretch less in a vacuum. We then performed the experiment and found that
something completely different happened. We revised our hypothesis—air pushes up
slightly on objects. Note that air’s upward push on the bottle is very small. Therefore,
in many situations, and in all situations in this chapter, the effects of air can be ignored.
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Drawing force diagrams

https://www.facebook.com/groups/320431092109343/posts/1017958959023216/? cft [0]
=AZV-i4y4A-

WEgpU2IZiQ m0gJ7BiRcAwi2Feb6VO1Ld3zoBpAEASNJ2H2FrNSKA4XsoRV7DhY4CDH1
6p2kQT3HR2NEHuUXLUIRFStVG 3B8V29CwWDN9lyDO93DICSsToXPNkQxly7Vm4gbUOk
Toa-m90& tn  =%2C0%2CP-R

Eugenia Etkina
21. Semptember 2021.
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Hi all, today | continue with linear dynamics. The first important thing in this chapter is how the
students come up with the concept of force in physics.

A simple kinestetic activity with them holding two objects (one in each hand) - a heavy book
and a paper allows the students to physically experience the push that they exert on each
object to hold it still. This push is an interaction between their hand and the object of interest
- the system (book or paper). It is characterized quantitatively with the quantity of force.

From this simple experiment follow the double subscript notation and the force diagram.
Please read carefully section 1 in Chapter 3 and the activities in the ALG and OALG to have
a clear picture of how to help students invent the concept of a force and how to talk about it.
There is no "weight of an object" in our vernacular and no "force of Earth". What we have is
"the force that Earth exerts on an object" or "the force exerted by Earth on the object". Why
not weight? Because weight is something that belongs to an object, and no force belongs to
an object, it is not a property of objects. Why not "force of Earth"? Because Earth does not
have a force. Please ask me questions.

https://www.facebook.com/groups/320431092109343/posts/1020553228763789/? cft [0]
=AZVL08FLJIjd8 iIM4FGHvJrAAyHLkcDjHNWIZ64JtEKFuw7E mPpkhfbbP5yvp9r4lEcgTxM
udbdqyEosUZxiCJSDPRXRdFoWxXXZgxpgnugTbhiAXkX8qt3auLVyPDIYDk& tn =%2C
0%2CP-R

Eugenia Etkina
24. rujna 2021.

Hi all, | continue with dynamics today. One of the main ideas of Newtonian dynamics is that
the acceleration of an object is only due to the non-zero sum of the forces exerted on it. If there
are no forces exerted on an object or the sum fo the forces is zero, the object should not
accelerate. It says nothing about the velocity of the object, only about the change of velocity
that is always in the direction of the sum of the forces exerted on the object. This is the essence
of Newton's second law. However, this idea makes ABSOLUTELY NO SENSE in everyday
life.

We sit in a car and all of a sudden our body jerks forward. It definitely changes its velocity with
respect to the car but the sum of the forces exerted on us is ZERO - Earth pulls down and the
seat pushes up exerting the force of the same magnitude so that we do not make a hole in the
seat or hit the roof.

But we definitely accelerated with respect to the car with ABSOLUTELY NO EXTRA FORCES
EXERTED ON US. This experience contradicts Newton's second law. How can this be? To
remove the contradiction, there is Newton's first law that says that the car is not a reference
frame in which Newton's second law works. It only works for the observers who do not
experience what we just experienced in the car. It only works for those observers for whom
objects do not change their velocity without additional forces exerted on them.

This different approach to Newton's first law (basically defining the reference frames for which
2nd and 3rd law work) is very different from traditional approaches used in other textbooks. |
strongly recommend working with section 3.4 Inertial reference frames and Newton's first law.
There are two videos there that help understand the idea and an Observational Experiment
Table that serves the same goal. | am attaching a screen shot of the text for those who do not
have the textbook.
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=

Our description of the motion of an object depends on the cbserver's mference frame.
However, in this chapter we have tacitly assumed that all observers were standing on
Earth's surface. Are there any observers who will see a chosen object moving with chang -
ing velocity even though the sum of the forces exened on the ohject appears to be zero?

Inertial reference frames
In Table 3.3, we consider two different observers analyzing the same situation.

oBsErvATIONAL ) 7 e/ =
EXFERIMENT TABLE '), ) &8  Two observers watch the same coffee mug s
Observational experiment Analysis done by each observer

Experiment 1. Observer | is slouched down in Observer | creates 8 motion diagram and a
the passanger seat of & car and cannot see outside forve diagram for the mug ps he obsarves it -— v
the car Suddenly, be observes a coffiee mug (M) Om the motion disgram. increasingly longer ¥ av oo
sliding toward him from the dashboard (D). arrows indicate that the mug’s spead changes bl ey .

from zero to nonze o as san by obsarver | i B

@ though oo external object is exerting

a force on it in that direction.
Experiment 2. Observer 2 stands on the ground Ofbserver 2 creates a motion diagram and force
beside the car She observes that fwe car starts disgram for the mug as she obssrves it. Thare F
moving forward at increasing speed and that the are no i or AV arrows on the disgram. and & =0 .-
mug remains stationary with respect o her the mug is at rest relative o ber Vo v

. Taw

Pattarn
Ot 1: The force 1 on the mug by Earth and by the dashboard surface add to 28 ro. But the valocity of the mng incm ases as it slides off
the dashboard. This is with the rule = lating the sum of the foroes and the changs in velocity.
Ot 2: The fi d on the mug by Earth and by the dashboard surface add to zero. Thus the valocity of the mug should not change. and

it does not. This is consistent with the rule relating the sum of the forces and the change In velocity.

Obeerver 2 in Table 3.3 can account for what is happening using the ule mlating
the sum of the forces and changing velocity, but observer | cannot. For observer 1, the
oy mug's velocity changes for no apparent reason.

11 Similarly, in the video in the margin, you sce the balls fly inside the box for no
reason. For the observer inside the box, Newton's laws camnot explain their behavior
Can you think of some other observers whe would be able to explain the balls’ motion !

It appears that the applicability of the rlationship between the force and motion dia-
grum depends on the = ference frame of the observer. Observers who can explain the be-
havior of the mug (observer 2) and the balls by using the relationship between the sum of
the forces and changing velocity are said to be observers in inertial reference frames.
Those who cannot explain the behavior of the mug (observer | ) and the balls using this
relationship are said o be observers in noninertial reference frames. Any observer
who accelerates with respect to Eanth is a noninertial reference frame observer.

Observers in inertial reference frames can explain the changes in velocity of objects
by considering the forces exertied on them by other objects. Observers in noninertial
referenoe frames cannot. From now on, we will always amlyze phenomena from the
point of view of observers in ineriial reference frames. This idea is summarized by
Isaac Newton's first law.

https://www.facebook.com/groups/320431092109343/posts/1022451088574003/?  cft
=AZV ompKSuVplg44zVFGE6HGZJsdwHOjWBwRoeYuNH-

zAJkucHOuU7VJi9vug ywAUvCAaLxSOmZiurfWQ5RHsHbGUK2WGbd3-qf61BMvM8-
AM1VoQqCpv400S6E1kwlFc5DJCO0taJJcAL49eS05-tXUxd&  th =%2C0%2CP-R

»

[0]

Eugenia Etkina
26. September 2021.

Hi people, today we had many new members. First - WELCOME!

Second, and this is for all members - if you wish to benefit from this group, see my
announcements - they are on top of the page and go to FILES and download them all. Then
sort by file names to find materials for lessons and labs and research papers about why we
are doing stuff the way we do (different from many other inquiry-based approaches).

The materials posted here were created for teaching online! Our ISLE-based materials for in-
person teaching are the textbook College Physics: Explore and Apply (sold by Pearson) and
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FREE materials on their Mastering Physics Website - the Active Learning Guide and the
Instructor Guide.

You will only benefit from being a member of this group if you not only read and participate in
the discussions but read and use our materials. To get to Mastering Physics website contact
your Pearson rep, if you do not have one, please send me an email. Other websites with our
free materials are: https://sites.google.com/site/scientificabilities/,

http://islephysics.net/pt3 , http://pum.islephysics.net/

All of them are free and have complete lessons, labs, assessment and self assessment rubrics
and so forth. | know it is a lot of work to read and it took us over 20 years to produce all these
materials, but they are here and are waiting for you!

https://www.facebook.com/groups/320431092109343/posts/1023193461833099/? cft  [0]
=AZWJreHZM0Sg6ek4UsbAoXfIX601vYhA4KXZhC wgyH1HL PDcu3N9eD6bTJEY1VNEw
Z48YmS61vN1QMPTB5ySnVGLXx71a2yJIOM7AES 2noGhf vZnvjsDLg2T7SJAa45xqFEGS
80F2abR _kK5ZbdU& tn  =%2C0%2CP-R

Eugenia Etkina
27. Semptember 2021.

Hi all, from time to time | ask the group if my posts are being read. When there is a group of
more than a 1000 people and only 3 or 4 react to the post, it makes me wonder if the posts
are useful. | know that we are all busy, but when you read the post, can you please either post
a short comment - "read" or use some other response method to let me know that you read it.
Once we got over 300 members, Facebook does not tell me anymore how many people saw
the post.

Today the post is about Newton's third law. As you all know, traditional statement (which
belong to Newton actually) about action-reaction is not helpful for the students and is not used
in our book. While the students arrive to the statement that "when two objects interact, object
A exerts the force on object B that is the same in magnitude and opposite in direction to the
force that object B exerts on object A" - activities are in the textbook, ALG and OALG, this
statement sometimes make students think that ANY two forces that are the same in magnitude
and opposite in direction are Newton's third law forces. A good question to address this
difficulty is Question 8 at the end of Chapter 3. | am attaching the screen shot of the question
and | ask you to choose the right answer and explain why other answers are not good.
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8. A book sits on a tabletop. What force is the Newton's third law pair to the
force that Earth exerts on the book? Choose the cormect answer with the
best explanation.

(a) The force that the table exerts on the book because it is equal and op-
posite in direction to the force that Earth exerts on the book

(b) The force that the table exerts on the book because the table and the
book are touching each other

{c) The force that the table exerts on the book because it describes the
same inleraction

(d) The force that the book exerts on Earth because it describes the same
interaction

(e) The force that the book exerts on Earth because it is equal and opposite
in direction to the force that Earth exerts on the book

https://www.facebook.com/groups/320431092109343/posts/1023839008435211/? cft  [0]
=AZXs 653nxKUmYg8MsavRdglL9yvdBIwuAJte2d5PDE011yy30BqRHNZSsWXTNKCPNfp
9pEZ5ssolE RKV2wbVLOfZURKOtYYbHjM806ILOttvyJODUMSXXvXfIyX0 cxkRErfroNOD
MCoHgNzKa3 80& tn  =%2C0%2CP-R

Eugenia Etkina
28. Semptember 2021.

Hi everyone, thank you again for your thoughtful responses to my post. Now | see a problem
that can be easily solved. To help people see the posts, those who see the post simply need
to say "Read it" or click on liking it or something. When many people respond, more people
get the posts in their feeds. Hope it is not too much to ask. We have created a ton of materials
and the purpose of my posts is to make you aware of these resources and use them. Please,
if you see the post - react, a simple "like" click will help it be more visible. | also ask you to
check the group as often as you are on Facebook as | am trying to post every day.

Today my post is about components. It is a difficult issue for the students but extremely useful
for solving lots of different problems. We have a unique method helping students learn
components conceptually. It is Chapter 4, a few activities in the ALG and OALG. | am pasting
the screen shot to help you see what we do and my question is, why this method is very helpful
for the students? Tomorrow, | will explain how to connect this knowledge to the invention of
the friction force not as a separate force but as a component of the force that the surface
exerts on the system.
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Eugenia Etkina
29. September 2021.

Hi all, thank you for "liking" my yesterday's post and responding to it, let's make it a habit, so
that everyone can see the posts, THANK YOU!

Today | continue with the components and focus on HOW the students invent the idea of
normal force component and friction force component of the force that the surface exerts on
the object. The observational experiment tables and explanations are in the textbook in
Section 4.3. Here | will attach the corresponding ALG activity and explain why and how to do
it.

Research found that students have lots of difficulties with the concept of a normal force. Rightly
so - there is no such thing! The normal force does not exist. What we call a normal force in
physics is just a PERPENDICULAR TO THE SURFACE VECTOR COMPONENT of the force
that the surface exerts on the object, while the other PARALLEL TO THE SURFACE VECTOR
COMPONENT of this force is the friction force. As they are the components of the same force,
they are mathematically related to each other through a simple coefficient that is just a tan of
the angle between them. However in AP physics those components are considered separate
forces and they require the students to draw them separately on the force diagrams. This is
not a problem actually as we help students see what those forces are through a very simple
exercise attached here.
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Please read the attached activity (ALG 4.3.1) and ask questions here. The most important part
in the activity is to emphasize that when one object in the environment exerts one force on the
system. Once students draw the force diagrams, they can resolve the force that the surface
exerts on the system into two components - perpendicular to the surface, and parallel. At this
point you can give them the names and after this when necessary, treat them as separate
forces. If you are teaching online, there is a parallel activity in the OALG Chapter 4. After you
finish reading, please do not forget to acknowledge it so that the post appears in the feeds of
all group members! Thank you!
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Eugenia Etkina
2. October 2021.

Hi all, first, let's welcome our new members from Uruguay today, WELCOME!!! Make sure you
read the announcements to see how to benefit from the group!

Second, | would like to continue with circular motion at constant speed. We only came up with
an idea that the sum of the forces is towards the center, we have not tested it and we do not
know any quantitative stuff yet. The testing experiments for the idea are in Testing Experiment
Table 5.2 with the video, and there is a parallel activity in the ALG and OALG (posted here)
Chapter 5.

But the most interesting question is WHY this net force towards the center is needed? And
what does it depend on? To answer these questions we first help students learn that although
the speed of the object is constant, the velocity is not. To help them see it, use the following
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experiment. Take a meter stick and hold it co that is points in the direction of your motion (the
students should say that it points in the direction of your instantaneous velocity). Then walk
around a circle that you draw in advance on your classroom floor. The students will observe
that the direction of your velocity vector changes continuously, and this means that the velocity
is changing although the speed does not. Cool, right?

To find the direction of the acceleration, we use the method similar to finding the direction of
the delta v arrow on the motion diagram, but slightly different. | am posting the shot of the tool
box in the book. From that follows the activity in the ALG on determining the direction of the
delta v arrow for an object moving in a circle at constant speed. The students com up with the
direction towards the center at every point of the circle. That is why the sum of the forces
points towards the center!!!

This logical progression is beautiful in many ways, but the most important is the the students
connect kinematics and dynamics for the new type of motion, this way building the coherence
of physics! Make sure that you go through the logical steps of this progression several times
before you do it with the students. Tomorrow | will post the quantitative part.

Do not forget to like the post or comment on it to make it visible for other members of the
group! Thank you!

TO ESUMAIE BV, Place e v, and vy alfOws tall 10 (a1 (Siep 2 10 1he 1001 BOX) With-
out changing their magnitudes or directions. AV starts at the head of ¥; and ends at the
head of V. The car’s acceleration & is in the direction of the AV arrow (Step 3 in the
Tool Box) and is the ratio of the velocity change and the time interval needed for that
change:
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Estimating the direction of acceleration during two-dimensional motion
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https://www.facebook.com/groups/320431092109343/posts/1027572374728541/? cft  [0]
=AZVkh5kf7188klVDaJjGLivCC4BH33a2GfK klyr9o5JnCyIDG27iJm-

83CdrpA3 457Kigr0ZZCzRe9-
FPGXuGdXagaOR5ku8IRTSXsuaDafHo1P8HXolIXDNPTLi4M-

047hiWInBMNM1LBKkjiuuOn 6& tn  =%2C0%2CP-R

Eugenia Etkina
5. October 2021.

Hi all, this is a belated post as Facebook was down all day today.

| wanted to show you the full progression for circular motion at constant speed. The students
constructed and tested the idea that the sum of the forces exerted on an object moving in a
circle at constant speed is towards the center and figured out why it is this way - this sum is
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needed to provide the radial acceleration. However, they do not know yet, what this
acceleration depends on. The following two activities allow the to figure it out. | am pasting two
observational tables form the textbook, you can find parallel ALG/OALG activities in the

respective files.
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https://www.facebook.com/groups/320431092109343/posts/1028867947932317/? cft  [0]
=AZWXjdMbZFMskV4s2Ez04N4X07NUng-
1zKW4CR64WsbMm2kzVvCPgK0aHbeXEM|jTUmtymooXKDaEtXHyn7LfodN348eCt50w5X
RYnjUQEJpciTiSvOfbkRFOcibPBIYuHzL5MMI 6tM1RJXIHGUWOHRmM& tn =%2C0%2
CP-R

Eugenia Etkina
6. October 2021.

Hi my people, thank you for liking and responding to my posts, this is great!

Today is the conclusion of the circular motion "saga". | wanted to show you all the steps of the
logical progression in the ISLE approach. Remember, yesterday we discussed activities that
help students come up with the idea that radial acceleration is proportional to v*2/R. But what
is the coefficient of proportionality? Occam razor-based reasoning suggests that is could be 1
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- the simple possible coefficient. But how do we test this idea? This is exactly the question that
we post to the students: design an experiment to test that a=v*2/R for circular motion at
constant speed.

To help them with the task we provide them with a conical pendulum, a distance measuring
instrument, a force measuring scale and of course, they have stopwatches on their phones.
What experiments do you think students design and what assumptions do they need to make
predicting their outcomes using the idea under test? In order to help you think about it, | am
posting our Testing Experiment Rubric for scientific abilities involved in designing, running and
analyzing results of a testing experiment.

https://www.facebook.com/groups/320431092109343/posts/1030023991150046/? cft [0]
=AZUCzoXuip6d5xjBXs-M4DSAVroSv0e7sbo4OKNOSSrxa13LhZ1BHYncNoGgsSw i4a IL-
NdyW8 70eDZwg4R9DcFzMVkXcFDZEiN20Il4gqits3x7uVZKGF  caXyE8Es12uAQtPtKHU
77G6gnDOIrM&  tn =%2C0%2CP-R

Eugenia Etkina
7. October 2021.

Hi my people, thank you for "liking" my previous post. It, however, had a question in it and no
one answered it so far, please try!

Today | will finish the series of posts about circular motion. Did you notice that | did not say
what to use for "the need to know"? and what to do with 'the need to know"? Here is what |
do:

| start the unit with showing the youtube movie of Damien Walters trying to run loop-the-loop
- basically run upside down! (see the link here and watch it before you continue to read).

It is a great clip, full of suspension and it also communicates the importance of growth mindset
as he tries many times. | do not ask any questions about the movie, but say (rhetorically): How
did she know how to predict the speed? Is she correct? Did you notice the speed that he had
while he made it? We are not going to answer these questions now, we will first learn about
circular motion, and then at the end of the unit, we will come back to all these questions.

And so we do, after all the steps that | described before the students are ready to answer those
questions. They google the height of Damien Walters and estimate the radius of the loop. They
figure out that the radius of his circle is less and some of his mass is closer to the center. And
many other things. And they figure out the speed! Of course it is an estimate but it gives them
(and me too) a great feeling of accomplishment.

You need to do this after your students went through all the steps | described over the last
week and also practiced applying this knowledge to a few problems in the ALG before
attempting this final step. Make sure that the students are ready to tackle this problem so that
they are successful. Of course they need to work in groups and then share their estimates with
each other. The key here is to be able to explain why the minimal speed is even needed and
how to connect it to the knowledge of circular motion. For this they need to draw a force
diagram for him at the top of the loop and realize that in the critical case the only force exerted
on him is the force exerted by Earth. Thus mv*2/R=mg.

Good luck with the circular motion unit! Please post here how it went.
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https://www.facebook.com/groups/320431092109343/posts/1030492964436482/? cft  [0]
=AZXp0O4C8 nV8ZJ3wNfiRKpWkk6EehBLDolBeZO9NmM2FrBP8 pFtyfcDBISCR 46Sr85Dzc3
hkNgYO0bRcLcN3ijIDw2V-23nfhdiXqBGa4SWchJd mz-IX1bpkQt6swMf2X cuwBAxbuQvhs-
F8QMMDgDBz& tn  =%2C0%2CP-R

Eugenia Etkina
8. October 2021.

Hi people, as we are using Facebook for communication, we should not forget how it informs
people about new posts. It all depends on how many people engage with the post- through
liking, or though comments. You do not need to really like a post, but clicking "like" makes it
more visible for the members of the group, so, please, if you read a post, like it (you can even
love it :)) so that more people receive the notice about it. This is how Facebook algorithms
work unfortunately. Thank you for understanding.

We will start Momentum on Monday. | was wondering if | am ahead of you with my posts or
behind. Should | slow down or speed up?

https://www.facebook.com/groups/320431092109343/posts/1031263441026101/? cft  [0]
=AZVAFYZuJQ86Q65QK-4xEs1HBAczyhQOsMLbA-
M2zbxkglQ6FBGO9YiP8UmTnroPsMYMO7TjcP-LilorCA206iL6JB9g1-
U8pwwWhQg5GCBZvqi-PxhVAIgKxfOb2ULPzKE& th  =%2C0%2CP-R

Eugenia Etkina
9. October 2021.

Hi all, first, if you read this message, please like it so that more people can see it, | hope it is
routine by now but we still do not have enough people doing it.

Second, and the reason for this post: Marianna Anthea Bannon posted yesterday about the
expertise activity that she did with our students. | actually planned to do this activity with you
during our meeting next week, October 15th which is dedicated to overcoming the barriers
implementing the ISLE approach. So, if you wish to experience it, please attend the meeting,
| posted the zoom link to it already, but will repost in a few days closer to the meeting. We had
a poll about the time and the majority wanted 6 pm EST. This is when we will meet and the
activity will be a part of the meeting (there will be more, of course).

If you finished reading, please push the like button!

https://www.facebook.com/groups/320431092109343/posts/1031943944291384/? cft [0]
=AZXsYxcgquSXozLvcpqd4XhiAToG4psmSTWOwrqvfGL YqgekkaFpR cXAV7aZi9MjHChtr
Rx0cKs4c5QCWzdsOTcrwyVDSIEMWA49rtPgdC6gxFhVghNsBD6XJtm3Ab9i7Z0&  tn =%
2C0%2CP-R
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Eugenia Etkina
11. October 2021.

Hi all, today my post is about momentum (or beginning of momentum to be precise). Do not
forget to "like" after you read it to make it more visible.

We start student learning of momentum with the concept of mass as conserved quantity. To
think about the world of conserved quantities, one needs to understand the concept of a
system in physics, which is very different from the concept of a system in some other
disciplines. In physics, a system is a group of objects (field can also be viewed as an object)
that WE decide to include in it, the rest of the world is the environment.

A quantity is conserved when we can always find a system in which it is constant. WHAT???
You must be thinking this is just a game of words. Don't the conserved and constant mean the
same thing? They DO NOT. We have a motion with constant velocity, but we never say motion
with conserved velocity. WHY???

The answer to this question explains the difference between conserved and constant. Let's
say your pocket is the system and you have $20 in your pocket. When you spend $5 on a
burger the amount of money in your pocket changes - it is not constant but if you include the
burger joint into the system, the amount of money remains the same - $20, as the money did
not disappear, it just changed hands. However, if your car moves at 20 m/s East and slows
down to 15 m/s, the velocity of 5m/s East does not (or might not) appear anywhere else. We
cannot find a system that starts moving at 5 m/s in the same direction to make the amount of
velocity constant in the world. Velocity (and speed) are not conserved quantities (think of a
temperature - this is also a great example of a quantity that is not a conserved quantity). But
mass in classical physics, money (without the printing press), linear momentum, rotational
momentum, total energy, and electric charge are all conserved quantities. They do not need
to be constant in a particular system, but if they do change, we can always find a system in
which they are constant. See the beginning of Chapter 6 in the textbook for the history of the
discovery of idea that mass is a conserved quantity.

Stamatis Vokos has an excellent definition of a conserved quantity which is slightly different
from what | described above, Stamatis Vokos, can you please chime in? Thank you! If you
read the post to the end, please do not forget to respond in some way to make it more visible
for the rest of the group!

https://www.facebook.com/groups/320431092109343/posts/1033241810828264/? cft [0]
=AZVw5whcgSzlyLyeAWeMzp6MmB44rGz05CFgcisU9YFVMG6r113kYT-
hkcWy7smn4YpLEnnOT2NISsXHHRXAgTqzLF3lfv-x2Hrtt8cVZ1-
KM2JJ6zjvyISMTFYNMOQgzktiMY& tn  =%2C0%2CP-R

Eugenia Etkina
12. October 2021.

Hi people, what an incredible response to my yesterday's post, thank you! After you finish
reading this one, please do not forget to like it.

| will continue with momentum. The logical progression in the textbook, ALG and OALG (see
in the FILES OALG Chapter 6 with video links) follows the ISLE approach - the students
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observe simple experiments in which cars of different mass and speed collide, invent a
physical quantity of momentum of a system and the idea that it is constant in an isolated
system and then test both experimentally. Then the investigate how momentum changes when
the system is not isolated and invent the quantity of impulse. The process culminates with the
generalized impulse-momentum principle and its representations with the bar charts.

Here the key is that while momentum is a conserved quantity, it is not necessarily constant in
every system. If the system is not isolated, the momentum can change (it can be gained or
lost), however, if you redefine the system so all interacting objects are included, you will see
that the lost or gained momentum is found! This is the same principle as we discussed
yesterday for money.

Then the students proceed to problem solving.

As | can only attach one image to the post, | am attaching the screen shot of the physics
toolbox for the impulse-momentum bar charts. It is done for the case of an isolated system.
Try to draw the bar chart for the same process but when only car 1 is the system. What
happens to the momentum of this system? Is momentum still conserved if you only choose
car 1? The answer is YES, it is conserved! But it is not constant. If you finished reading the
post, PLEASE DO NOT FORGET TO LIKE IT OR TO REPLY, THANK YOU!

iiﬁ;ﬁéﬂgf;%-'\lrﬁ J T:, Constructing a qualitative impulse-momentum bar chart
Tool BOX U.1 4

Initial Final
L " ¥
T AR - = 3 1. Sketch the process, choose the initial and
! 1 | Sk | 1 3 final states, and choose a system
s r_‘: i | ! £ : Fo -,._l 1wl x
| o
)
\ { //
Piu * Pt 4= Pu Pu 2. Draw initial and final momentum bars for each object
+ I in the system. (Note can directions and bar directions.)
? . 3. Draw an impulse (J) bar if there is an external
7 | \ \ nonzero impulse.
1 i /"’ Ill' \ \
' |
vy, + mgva) + 0, = (myvy, + myvs) 4. Convert each bar in the chart into a term in the
- component form of the impulse-momentum principle.

myvy +omyl—vy) + 0= {my + myyy

https://www.facebook.com/groups/320431092109343/posts/1034125230739922/? cft  [0]
=AZV2hbmAOK|cZLujGMOcvM0d1mPR80sDbkA EnfPKfmyC9PBSifegkRtZJZ47QYLywB0
Zo-

SEQYI5XG3n8Vv783kJgL4mhQtEFXrKArGQNkcgLHiVO0jzjpplWgIDRycb47nsk E36y2qQYT
P3l g6 zJ& tn  =%2C0%2CP-R

Eugenia Etkina
13. October 2021.

Hi all, three things today:

First | wanted to thank Marianna Anthea Bannon for her post. Many of you focused on different
ways to help students learn the components of projectile motion using Pivot. This is great,
however, | want you also to focus on another aspect of her post - the idea that in the ISLE
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approach we do not ask students to make prediction before observational experiments. We
do not "elicit, confront, resolve" or "predict, observe, explain". We do it very differently -
observe, think about it, come up with as many explanations as possible and then test these
new explanations experimentally (using hypothetico-deductive reasoning that | described in
my post a few weeks ago). How is our method different? We do not put students' intuition that
they developed in the real world to the test. We do not ask them to predict "cold" when they
have no context or no means to analyze the situation critically. If we did that, the students
would start thinking that physics is different from the real world and that they are not good at
it. The idea of cognitive disequilibrium as the cause for learning is good when the learners
have confidence in themselves, but when they do not (an this is especially true for women who
have a very strong impostor syndrome), continuous challenge of their intuition does not help.
It harms. That is why in the ISLE approach students do make predictions, but make them using
their "crazy ideas" not their gut feeling. And this approach teaches them to think systematically,
slowly, which involves a different processing path in the brain than the quick "what do you
predict?" when they know nothing about the situation.

The second thing that | was going to talk about is reminding you that we have a meeting
dedicated to a question raised in the previous meeting - how do we help our students be
comfortable with the ISLE approach and how do we help other teachers adopt it? The meeting
is on Friday at 6 pm EST. The link to the zoom meeting is in the announcement for the meeting,
but | will post it again on Friday, closer to the meeting time.

Finally, | would like to continue with momentum and | am sharing one of the activities in the
ALG and OALG. Please read it carefully and post your answers! Thank you, if you read to the
end, do not forget to react to the post - like it or comment. This makes the post more visible
for other group members.

OALG 6.3.3. Reason
Answer the following questions.
a. You continuously push equally hard on ; F

1
identical blocks A and B from the start line to A 5
the finish line. Block B is inmitially at rest '

whereas block A is initially moving right.

Which block has the greater change in F !
B — I

momentum in moving from the start to the !

Anish line? Bxblai ; | i

finish line? Explain your answer. L Geiah e

b. Suppose that both blocks in the previous i F E

problem start at rest, but that block A has four A 4 :

times as much mass as block B. Which block :

has the greater change in momentum in going ;

from the start to the finish line? The blocks are . F

g . i

pushed with equal-magnitude forces. | B ]

smrlllim: finish lir;e

https://www.facebook.com/groups/320431092109343/posts/1034650084020770/? cft [0]
=AZUX1bbhorraaAbfs1eZskJmaQXIK27LXi1bIBLUpziS6DA3MSLzIj\WudGwVwYX2SZeOMY
ZF3IdXMtBFfSBZFwtFyKDMbfQYaNvOrFSooEOvOKhBLsYc-nk2F5N6XmL-
hiTelomvtd6QrH2hMHgzLDpl& tn  =%2C0%2CP-R
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Eugenia Etkina
14. October 2021.

Hi all, today | am posting the link to tomorrow's meeting - we will be discussing how to reduce
resistance to learning and teaching with the ISLE approach. The meeting is at 6 pm EST. We
will record it and post the recording. Here is the link. | know that there is nothing to like about
it, but remember, if you like it, more people will see the post. Maybe somebody who missed
our previous announcements will see it and join the meeting. As always, the question during
tomorrow's meeting will determine the topic for the next meeting, so, please bring your
questions (ANY questions!). If you are not familiar with the ISLE approach yet, do not worry,
we will review it at the beginning of the meeting so that we are all on the same page. Tomorrow
| will start the sequence about energy. Our approach to energy is drastically different from
traditional and is very effective, do not miss! If you got to the end of this message - make sure
that you react. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1035378637281248/? cft [0]
=AZXBbcjFq4IW Yjy1y116nKE9PG|B3Z6UCZsSmcD5waNOOEG2EbErw9gYDKZxk4BjyYN
RV8-
u8urszs90DgTTb4LUTYyPrX7Yrdw2Gvxck5S05vALW1T1HMAKNjnuAmyDn4gFONKmXhePGD
EH9 6trG9kC& tn  =%2C0%2CP-R

Eugenia Etkina
15. October 2021.

Hi people, two things today (do not forget to like or reply).

1) the reminder of the meeting at 6 pm EST, the link to the zoom is in my yesterday's message.
2) We are starting energy. As | said before - our approach to energy is very different form
traditional. Three main differences: a) we use the concept of a system to analyze any energy
situation and we show how the change of the system affects the solution. The objects inside
the system do not do work on each other, only external objects (environment) do. The system
does not do work on the environment, but the work of the environment on the system can be
positive or negative.

b) we discuss total energy and conservation of total energy, not mechanical energy only (as
mechanical energy is not a conserved quantity), therefore internal energy change is included
in all analyses, thus we use the SAME approach to energy throughout all physics topics,
including thermodynamics, electricity, optics, atomic and nuclear physics. This approach
eliminates work-energy theorem (that external work done or a particle leads to the increase of
its kinetic energy) and leaves us with the generalized work-energy principle: external work
done on a system is equal to the change in total energy of the system.

c) Because of b) we do not need the concept of conservative and non-conservative forces.
Therefore they are not present in our materials.

To have an image of how to start energy, | am pasting the first observational experiment table
form the textbook, parallel activities are in the OALG Chapter 7 posted here or ALG Chapter
7 posted on Mastering Physics. If you finished reading the message please click like or reply
to make the post more visible for the group members. Thank you!
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Eugenia Etkina
16. October 2021.

Hi my people, here is the link to the recording of our meeting today and the passcode. To
access the slides that we used, use the link pasted below. | will post when we have our
November meeting. The topic will be kinestetic activities.
https://rutgers.zoom.us/.../ghuglEMLKGQ4k2971b52xNuPQUQIG... Password: P5#t7C&B
https://docs.google.com/.../1Bm-IrdAghCFkUyxZK.../edit...

https://www.facebook.com/groups/320431092109343/posts/1036199860532459/? cft [0]
=AZXphwLcprYhFBSI69Q-xKIKpy y9wWKZEXaHO0ODKkZ9Q-
B6PBdYpcYjodgD9BueJo19H3s10CsRERJBRxzXbkfQTIzGO6YFOFhKzy9KCeVATIO5jcrv
QGgkOPZjznzNAaLgkOytlplINcdtkBJE7yU5c& tnh  =%2C0%2CP-R

Eugenia Etkina
16. October 2021.

Hi all, | continue with the energy development. The following activity helps students construct
the idea of internal energy change. Remember to "like" the post when you finish reading it to
help others see it.

Prior to that they should have constructed the concept of work done on a system - positive,
negative or zero (though a series of activities, see the OALG Chapter 7 posted in the FILES).
They learned that external work changes kinetic, potential or spring energy of a system. By
the way, in our approach the system has gravitational potential energy only when Earth is
included in the system. It Earth is not included, then it does work on the system but the is no
GPE. This means that an apple lifted 5 m above ground DOES NOT HAVE ANY GPE.

The following activity help the students figure out what happens when work is done on the
system but none of the above energy types change. To see the whole progression, either read
the textbook chapter 7 or work through the activities preceding 7.1.5 in the OALG.

Research shows that students have tremendous difficulties with the concept of internal energy
as it is invisible. The infrared cameras help us "see" the changes. They are relatively cheap
now and attach to your phones. A good investment! If you got to the end of this post, do not
forget to react!
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7.1.5 Observe and find a pattern
PIVOTAL Class or lab: Equipment per group: whiteboard and markers.

A system consists of a heavy cooler and a rough horizontal surface on which it sits. You (outside
the system) pull on the handle of a cooler so that it moves slowly along the surface at constant
velocity. You do positive work by pulling the cooler for about 5 m. Your friend takes a photo of
the cooler and the surface using a thermal camera (see photo at right below). Describe how the
system (cooler and surface) is different after you do the work than before the cooler started
moving. Notice that the chalk-crushing ability of the cooler did not change (ACCA = 0), and yet
you did work on it. Does this fit with the equation you just invented in Activity 7.1.4? Discuss
with your group how you could modify the equation you came up with in Activity 7.1.4 to
account for this anomalous result. Hint: You may need to invent a new physical quantity. Put
your group's revised equation on a whiteboard and compare your ideas with those from another

group.

i sy 7 S e
| 72.1F .

https://www.facebook.com/groups/320431092109343/posts/1036767547142357/? cft  [0]
=AZUIWyGf7Fos3p0z1Xsda12lg36iDmL3nUCm_|71NODNRdKr8gHGDHRCzvQ1AVtKGeL
9vwhBk6K20KwsQ7UZ X8mZFn1BMdhd5ataqrZENO5rOUbFRNFN9vpluVpvAWEL8QOu4
x1fp_7bWCBtd40j80J& tn  =%2C0%2CP-R

Eugenia Etkina
19. October 2021.

Hi all, we have several new members today - WELCOME! Please read the announcements to
learn how to use the resources available for the members of this group.

Today | will continue with the energy (please do not forget to respond to the post after you
finish reading it to help other see it). Remember impulse-momentum bar charts? The same
approach can be used to analyze energy processes. Choose the system first and the initial
and final states (all of those decision will affect what the bar chart looks like). The bars on the
left represent the energies in the system (except the internal energy), the bars on the right side
- the final energies. In the middle there is a bar for work - the work changes the energy of the
system (later, in thermodynamics, we will add a bar for heating - the means of transferring
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https://www.facebook.com/groups/320431092109343/posts/1036767547142357/?__cft__%5B0%5D=AZUIWyGf7Fos3pOz1Xsda12lg36iDmL3nUCm_I71N0DNRdKr8gHGDHRCzvQ1AVtKGeL9vwhBk6K2OKwsQ7UZ_X8mZFn1BMdhd5ataqrZEN05rOUbFRNFN9vpIuVpvAWEL8QOu4x1fp_7bWCBtd4oj80J&__tn__=%2CO%2CP-R

energy to the system without doing work). On the right side there is an additional bar for the
internal energy change (see the reasoning tool box attached here).

People often ask why we do not have initial internal energy bar on the left and final internal
energy bar on the right, just like all other energies? | am leaving this questions for you to
ponder - when you finish reading this post please do not forget to "like" it and then respond to
the question. Thank you!

184 CHAPTER 7 Work and Energy

Constructing a qualitative work-energy bar chart

1. Choose and describe the imitial and final states. | 3. Represent the energies 4. Represent the energies |
' ) in the initial state on the in the final state on the

2. Choose a system. left side of the bar chart. right side of the bar chart. |
o Tinst Mo . . K + U FU, AW =K+ Ii-"r + Uy + AU,
.. T y ipring i ¥ ‘*y‘-
- 0

: @\\@9 —_H_HHN_ _
W

5. Determine the work done by external forces.
(No external work 1s done in this process.)

https://www.facebook.com/groups/320431092109343/posts/1038223393663439/? cft  [0]
=AZVdg8Lsophyk83Z-DgZrc8CMhU59bIDnegz35PleKYUMX6t lyqVBKausWT6owfnYk-
CE90eu30phUWhRLENVQTZck64JjO8TsozhRZFVM7JGQtfLL3ES2J0k7-ajTAIPDrsfm-
Ab5adbnk6Fanvi2aM& th  =%2C0%2CP-R

Eugenia Etkina
20. October 2021.

Hi all, two things. First, our next meeting will be November 12th, 6 pm EST. The topic of the
meeting - kinestetic activities. | will post the even today, please sign up there. Thank you.

I will continue with the energy. | am repeating my question, posed 2 days ago - why don't we
include initial internal energy on the left side of the chart and final on the right just as we do
with all other energies? Why do we put delta U int on the right? What is such a difference
between the treatment of mechanical energies in the system and the internal energy?

So far nobody attempted it. Please share your thoughts (and do not forget to like the post to
make it more visible). Thank you.

https://www.facebook.com/groups/320431092109343/posts/1039248366894275/? cft  [0]
=AZX14bm9B0OmplIWDtLPzjXs7OLYiRCcKhgdplc 1eRMSWxkwiLBD3UGK oubV10mX8 Ae
-x2r'WCvJwZ2-ix_WyEzrlIA6rDvB-9YRPVQQNnVv5KVFYRIFam3GY-

CS8UfhSO 8E& tn  =%2C0%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1038223393663439/?__cft__%5B0%5D=AZVdq8Lsophyk83Z-DqZrc8CMhU59blDnegz35PleKYUMX6t_lyqVBKausWT6owfnYk-CE9Oeu30phUWhRLENVQTZck64JjO8TsozhRZFVM7JGQtfLL3ES2J0k7-ajTAlPDrsfm-A5a4bnk6Fanvt2aM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1039248366894275/?__cft__%5B0%5D=AZX14bm9B0mpIWDtLPzjXs7OLYiRCcKhgdplc_leRMSWxkwiLBD3UGk_oubV1OmX8_Ae-x2rWCvJwZ2-jx_WyEzrlA6rDvB-9YRPVQQNnv5KvFYRlFam3GY-CS8UfhSO_8E&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1039248366894275/?__cft__%5B0%5D=AZX14bm9B0mpIWDtLPzjXs7OLYiRCcKhgdplc_leRMSWxkwiLBD3UGk_oubV1OmX8_Ae-x2rWCvJwZ2-jx_WyEzrlA6rDvB-9YRPVQQNnv5KvFYRlFam3GY-CS8UfhSO_8E&__tn__=%2CO%2CP-R

Eugenia Etkina
21. October 2021.

Hi all, | am continuing with the energy. Jose Garcia in his reply to my post about the absence
of initial and final bars for the internal energy on the bar chart used the example of a ball
landing on the floor and stopping. If we choose the ball (let's take a metal ball) as the system,
then before the collision it has kinetic energy and after the collision this energy is gone. Where
did it go?

You might think that the floor did negative work on it, but the floor did not move (let's say it is
a hard cement floor), so how could it have done work? If we want to avoid the concept of
pseudo work here, the only way to explain what happened is to redefine the system, include
the floor in the system and say that the kinetic energy of the moving ball was converted into
the internal energy of both the ball and the floor. (Actually, a video of a lead ball landing on a
hard surface shows it (see the attached infrared video, made by Gorazd Planinsic).

The same approach is helpful when analyzing our walk up the stairs (you and Earth are the
system) and down the stairs. As the stairs do not move, they cannot do work on us, the
question is - where does the kinetic energy and gravitational potential energy come from? Or
where do they go when you are going downstairs? And in general, what energy conversions
happen when we go up and down?

I challenge you to think about these questions using you and Earth as the system. Also, it
helps to listen what happens when you go up and down, especially when many people do at
once, the effect if very pronounced. If you read the post to the end, please do not forget to like
it so that more people can see it, thank you!

https://www.facebook.com/groups/320431092109343/posts/1039950873490691/? cft  [0]
=AZUZ4dqj3FoF6exNKWWEG8pSMOLvTnGpxe6-
gXq9Fgh5SPowoRMbNbzhtYpDYUVIbL5tziQf XCFMYdsJQwYyucjPa3o EvDnzktWu li2UG
KE-YHa-VG58Dd ePfYQHUPXC8BxGsq3BPPL gy-MogkgY& tn  =%2C0%2CP-R

Eugenia Etkina
25. October 2021.

Hi my people! Two things (Please do not forget to like the post or comment on it to make it
more visible):

First, | would like to thank everyone who participated and is participating in the discussion of
internal energy, real and pseudowork and the mechanisms of conversion of one form of energy
to another (notice that | am not using the word transformation, but the word conversion. Why?
Energy is not transformed into another quantity, it is merely converted from one form to
another).

Second, | would like to focus your attention on the differences between momentum and
energy. We have this excellent activity described in the textbook which | am posting below.
Please read it and think what your students can learn from it. | usually set up two carts loaded
with different number of blocks for the students to see to help with their imagination, let them
observe how the carts move across the same distance on the floor and then let them work in
groups answering the questions in the table (in the file | posted here the questions are
answered). Some of the answers come very unexpected for the students and lead to a great

50


https://www.facebook.com/groups/320431092109343/posts/1039950873490691/?__cft__%5B0%5D=AZUZ4dqj3FoF6exNKWWEG8pSM0LvTnGpxe6-gXq9Fgh5SPowoRMbNbzhtYpDYUVIbL5tziQfXCFMYdsJQwYyucjPa3o_EvDnzktWu_li2UGKE-YHa-VG58Dd_ePfYQHUPXC8BxGsq3BPPL_gy-MogkgY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1039950873490691/?__cft__%5B0%5D=AZUZ4dqj3FoF6exNKWWEG8pSM0LvTnGpxe6-gXq9Fgh5SPowoRMbNbzhtYpDYUVIbL5tziQfXCFMYdsJQwYyucjPa3o_EvDnzktWu_li2UGKE-YHa-VG58Dd_ePfYQHUPXC8BxGsq3BPPL_gy-MogkgY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1039950873490691/?__cft__%5B0%5D=AZUZ4dqj3FoF6exNKWWEG8pSM0LvTnGpxe6-gXq9Fgh5SPowoRMbNbzhtYpDYUVIbL5tziQfXCFMYdsJQwYyucjPa3o_EvDnzktWu_li2UGKE-YHa-VG58Dd_ePfYQHUPXC8BxGsq3BPPL_gy-MogkgY&__tn__=%2CO%2CP-R
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discussion. For example, how can a cart that is heavier and moving slower have a greater
change of momentum compared to a lighter car that moves faster? Check it out and do it with
your students! And, if you read to this point, please do not forget to like the post to make it
more visible. Thank you!

FIGURE 7.5 Two fan carts of different masses t 15 important to understan 3] erences between force, acceleration, work,
with identical fans. impulse, momentum, and kinetic energy. To illustrate this, we will perform the
following thought experiment. Imagine two carts on a smooth surface that have
identical fans attached but different masses. The fans rotate and push away the air
around the carts; according to Newton's third law, the air pushes on the cans in the
opposite direction, making them accelerate. Both carts start from rest, and we let them
move the same distance on the floor (see Figure 7.5). Table 7.5 compares the above
physical quantities for the two carts. Notice that some quantities are the same for both
J carts, some are larger for cart 1, and some are larger for cant 2, Your task is to think
about the explanations for the statements in the table.

TABLE 7.5 Physical quantities describing the motion of two fan carts

Quantity Cart 1 (mass m,) Cart 2 (mass m; = 1m,)
Fqcc exerted by the Faon) = F 'E'\un.' = fmml =F
air on the fan cart S i cait 1
Acceleration of the S }.' L .Z; _ _,,1_ .
cart a, = az_m;_zm]_""
Less than cart 1
Time interval to travel { 2d [24 \/4‘;
distance d Ay = Va Ay = \/: ol i~ V2Ay > Ay

Greater than cart |

Work done by the fan Wron1 = FdcosO? Wi ooz = Fdcos0® = Wy
on the cart Same ag eart 1
Change of kinetic encrgy myvi; maVay
of the cart afier moving AK, = , —Fd AK,= =Fd = AK,
distance d Same as cart 1
Speed of the cart after [2Fd i =M
moving distance d Vig = \ Tn"' = V2

! Less than cart |
Change of momentum "oy e T o )
of the cart after moving Makae = o NG Vami
distance d Greater than cart 1
Impulse exerted on the catt 7 = Fay, = m 7, 7 =FAnL = mivy

after moving distance d Greater than cart 1

https://www.facebook.com/groups/320431092109343/posts/1042182159934229/? cft [0]
=AZVveMo00ofy6LshBxhpRM1cldsXi7xQoTIBIc5S1YQrnMH1wHe3hFDSRLVJHTN3eqgDc
NBb2-

i4b CQCO8BH8sPisITfTx03ucRPfClebuKi4Yc7XF20yvIXNVANSN703eHpf0u9zICdDZSgIQ
POEhU& tn  =%2C0%2CP-R

Eugenia Etkina
27. October 2021.

Hi all, | think we need to take a break from energy - we will come back to it when we get to
Chapter 15 - thermodynamics. For now, we are moving to Chapter 8 in the textbook - static
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equilibrium. Please do not forget to like the post once you finish it - this will make it more
visible for other group members.

The book follows the ISLE logical progression very carefully. It starts with the idea of the center
of mass as a point on an extended rigid objects through which pass the lines of forces that do
not rotate the object. How do students construct this very important idea?

See the attached document - a screen shot of the ALG Chapter 8 activities to have an idea of
the progression of activities. Once the concept of the center of mass is established, the
students can progress to the physical quantity of torque. The question is - why is the center of
mass come before torque in our textbook?

Do not forget to respond to the post - either like it (or even love it) or make a comment. Thank
you!

Chapter 8
Extended Bodies at Rest
8.1 Extended and rigid bodies

B.1.1 Obsarve and find a pattern

PVOTAL Lab or elass: Equipmant per grovp: msguluty-shaped piecs of plywood o thick canttourd,
ARt 2. Write down your prediction.
Ulke m pencil ernser to push st several points on the edge of a thin, fat, imeguluriy-shaped piece of
plywood or candboand that you put on the smooth surface. Work with your group mombers 1o
dentify a patom in the dareetion of the forees that do not cause the object 1o rotate, Hint: Diaw lnes

b, Explain how you arrived at yoor prediction,

. Perform the experiment; record the sutcome.

on fhe chject in the direction of the forces, Compane your findings to the findings of other groups. d. Reconcile the results with your prediction.

8.1.2 Observe and find a pattern

PIVOTAL Lab or class: Equipment pev groun. whiteDoard and markers, imequiary-shaped pece of
phywoosd o ick cardboand (rom the previous aclivity), and & heavy abject [S00-5 Diccki. smooth surfsce 8.1.4 Represent and reason

fal
Repeat Activity 8. 1.1, only this time place o 500-g block on top and near one side of the plywood Cnmxexith

or candbonrd. Does the pattern change m the direetion of the forces thet do st cause the ohject 1o
ot
8.1.3 Test your idea

PIVOTAL Lab or class: Equipmant per group: imepuiany-shaped piece of plywood ar cardbeard with
Peies criled ot the odges (3ene 88 n the provious activtias), nolls, sirng, objects to hang

Irnagine that you plsce s board on your desk and push it in different directions, as illustrated.
Farces | ansd 3 cause the board te slide, and forces 2 and 4 cause i to slide and rotale.
Collabornse with your group 1o find the center of mass of the board. What assumptions did you
make? Afler you found the center of mnss compare your finding with the result of other members
of your group. Did you find the same location™

Wark with your group members and use your ksowledge of the gravitational force exerted by
Earth and your knowledge of the center of mass to predict the outcome of the following
experiment. Do mot perform it yer. Imagine that you take the same irregularty-shaped board as in

Activity 8.1,1 ansd hang it on s il going through ore of the boles drilled at its edges; the boand

shoubd hang frecly. You then attsch the end of a string 1o the ail and hang & 100-g block at the . O .
string’s other end o that the string hangs vertically (see the figuse below), Next, suppose you Top view i
hang the plywood and string on the nudl through other holes. Prediot where the lines {along

which the strine i oriented) interect when vou hane the board from different nositions

https://www.facebook.com/groups/320431092109343/posts/1043637166455395/? cft [0]
=AZWBooYCSxLa TrUh3QNeal8HBsBoflJgV-
XUYFfEiWdzMM80O14AjkLfBB5pUICul33hXlko-FLpPS35Q-
BoCwVI1YpfsmltbsSZCof516gWYXYRttoQBRJ4gAOVig0OOHGJkoLa9Y9ybymOIlvgnJm0O06K&
tn_ =%2C0%2CP-R

Eugenia Etkina
29. October 2021.

Good morning (afternoon, evening) everyone! | am continuing my posts related to static
equilibrium. Specifically about the center of mass. Before you read on, do not forget to like the
post or comment on it to make it visible for more people.

The term "center of mass" is a bad term. Similarly to the term "weight" that makes people think
that weight is something that belongs to them, and as we insist that weight is a force,
consequently, forces belong to objects. | am using this example to show how OUR language,
the language of physics teachers and physicists in general contradicts the very essence of the
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concept that we want our students to learn. That is why we do not use the term weight in our
textbook or other materials.

But this post is not about weight. It is about the center of mass (it is also at the same location
as the center of gravity if the object is in the uniform gravitational field, close the a black hole
these two locations are not the same). So, the term CENTER of mass makes our students
think that the mass of an object is symmetrically distributed around the center of mass. How
can they learn that this is not the case and masses of the parts of the object on different sides
of the center of mass are not the same?

Here is the sequence of activities that we suggest (pasted below as copied from the ALG).
They come after the students have constructed the concept of a torque and of conditions of
static equilibrium. It is important that the activities are done in the order shown in the document.
Try doing both of them and describe what you learned. Once you finish reading this post and
the document | pasted below, do not forget to like it or to reply in some other way.

8.4.1 Design an application experiment

PIVOTAL Lab: Equipment per group: whiteboard and markers, meter stick, 100-g object.
You have a meter stick of unknown mass and a small 100-g object. Design an experiment to
determine the mass of the meter stick using your knowledge of static equilibrium.

a. Draw a picture of the experimental set-up.

b. Describe the procedure in words.

c. Apply the concepts of equilibrium to develop equations that can be used to predict the mass
of the meter stick. Then predict the mass.

d. Use a scale to measure the mass and compare the result to the predicted value.

e. How can you explain the difference between the predicted and the measured value?

8.4.2 Test an idea

Lab: Equipment per group: whiteboard, markers, meter stick, variety of objects of different
mass, masking tape, platform scale.

Your friend says that the mass of any object is distributed evenly around its center of mass.
Design an experiment to test your friend’s idea. You have a meter stick, a set of small objects
of different masses, masking tape, and a mass measuring scale. Describe your experiment
and predict the outcome based on your friend’s idea. Then conduct the experiment, collect
and analyze data. What can you say about your friend’s idea?

https://www.facebook.com/groups/320431092109343/posts/1045024832983295/? cft [0]
=AZXNdVocaoOIBHgmoQfNzDXp0ztQAIXUup1crNsIZup2WikAdBbJg9LNsK3YQyBptnLGx
OrUBGNREjnnyEQrKyzZIxBF Ghskc5UIgBOC2u3KcVPhwRcRWGrYtRi y0O4BC6A& tn =
%2C0%2CP-R

Eugenia Etkina
1. November 2021.

Hi all, we are moving on to rotational kinematics and dynamics. While rotational quantities are
much more abstract than linear quantities, we have a great way for the students to experience
some of them through kinestetic activities (this is just one of the many activities that we have
in the book/ALG/OALG and will be discussing during our next meeting. Please do not forget
to respond to the post once you finished reading it to make it more visible.
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Here is the first activity in Chapter 9 (Rotational kinematics and dynamics, ALG):

9.1.1 Observe and find a pattern

Class or lab: (but here two groups need to work together to form one large group) Equipment
for two groups: 2 1-meter sticks or 1 2-meter stick.

For this activity you need two meter sticks connected together to form a 2-m long stick, or a
2-m stick. Have one group member hold one end of the meter stick and stand at the same
position at all times, another one hold it at the 50-cm mark, the third one at the 1-m mark, the
fourth at 150-cm mark and the last one at the end of the second stick, the 2-m mark. The four
non-fixed group members need to move so that the one member holding the outer end of the
stick runs in a circle at a comfortable constant speed.

a. Observe the motion of these four moving group members. What do you notice? Discuss
with your group.

b. What physical quantities characterizing motion are different for the four group members?
Discuss with your group.

c. What quantities are the same? Discuss with your group.

What physical quantities will the students "notice" in this activity and how? As always, please
like the post to make it more visible. THANK YOU!
https://www.facebook.com/groups/320431092109343/posts/1047024029450042/? cft [0]
=AZVKXEgNyNJoi24KOyAgk q twsINCScEjrhAY1sB1J1carnweOPx e-
HIEW61eVeEP60SmsA8CPPrac4FwSKtb-
L097SmFpCZ040QM1gM8b5TbeP33bcRO10UtH9geCql0& tn  =%2C0%2CP-R

Eugenia Etkina
7. November2021.

Today my post is not about rotational motion, it is about how we can better help students learn
(do not forget to respond when you finish reading to make the post more visible).

You know the expression "practice makes perfect", right? We all do, but unfortunately, this is
not a good statement. Practice of a wrong strategy many times does not make the right
strategy, right? That is why we have research that solving a 1000 physics problems does not
increase students understanding of physics concepts.

What kind of practice makes it perfect? The answer to this question comes from the work of
Anders Ericcson and colleagues on deliberate practice. Deliberate practice has several
important components, if one of them is not present, the results will not lead to improvement.
I am listing these components (I am using their interpretation by Angela Duckworth in her book
on Grit). Here are these 4 crucial components:

1. A clearly defined stretch goal.

2. Full concentration and effort

3. Immediate and informative feedback

4. Repetition with reflection and refinement.

Thinking about a good learning environment, | mean the ISLE-based environment, 3 and 4
are present by default (these are built into our learning system), but not the first 2. How do we
help our students set their own goals while learning physics and how to we create conditions
for them to fully concentrate on the task and give it their 100% effort? | am inviting you all into
the conversation about these issues.

If you read to the end, you know what to do - you have to like it
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And do not forget about our meeting on Friday, 6 pm EST. | see a lot of people going, it is
GREAT!IN

https://www.facebook.com/groups/320431092109343/posts/1050763395742772/? cft _[0]
=AZVdgM8Lz1f gDiXmUgjXYIBvmuE-

cgRHbANCNBpICLKxwfrlIEQO5e TLq9eSB3DFiixbuXsgts-
EBebp9w7RMGOMxm8pj1YrDThQfb0s7Sgnjy1ip5RZUTA40aapjpOAcuQ& th  =%2C0%
2CP-R

Eugenia Etkina
10. November2021.

Hi all, we have a few new members today. Welcome all, please read the announcements to
learn how to navigate the group and how to get the most out of it. | am reminding that we will
have a meeting on Friday, 6 pm EST focused on the kinestetic activities. The link to the zoom
meeting is in the meeting announcement. | will post it again on Friday morning. | am not posting
any new stuff today, as only 19 people responded to my previous post yesterday. Please read
and respond to it if you have not done so yet. We are moving forward with vibrational motion
but | want to make sure that people see the post before | continue. Thank you!!!

https://www.facebook.com/groups/320431092109343/posts/1052665922219186/? cft [0]
=AZWXnHNYwWrDktkf0K9a63luWvamx9qo8na9Jx0GO0yuKNX5C0perrbcYRY OoymMUTU
X5tuN3TXVQUgu3LfgPOgkOWAF19WOvrUCpZIlub77f7Wdq3L _6newAnmRd4m8BPLQ& t
n_ =%2C0%2CP-R

Eugenia Etkina
13. November2021.

Hi all, here is the recording of our yesterday's meeting. To understand what is going on you
will need to use the google slide show, | am posting the link too.

Our next meeting in December will be dedicated to the essential elements of the ISLE
approach. What should you do for sure in order for your students to learn physics through
ISLE? To set the date, | will post the poll so that we can accommodate the largest number of
people. The time will be the same - 6 pm EDT, 3 pm PST. (US time zones). As always, the
topic of the meeting came from the participants.

During the meeting Andrew Yolleck asked a good question and | did not answer it well. He
said, can we have a meeting to discuss how to help others believe that the ISLE approach
works? And | said that we do not need a meeting for this, as there is so much written about it,
that the meeting would just be a repeat of these papers and books. But this was not a good
answer. A good answer is that if you wish to convince your colleagues that the ISLE approach
is superior to not only to traditional teaching, but also to most reformed approaches, you need
to invite them to observe your classroom and see for themselves. And then, it is a very
important "then", you need to share the work that your students do - real examples of our
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questions and your students' responses. | believe that it is the best start of the conversation.
Then the can read the papers... Sorry, Andrew Yolleck for my bad answer yesterday.

Here is the link to the recording:

https://rutgers.zoom.us/.../8K7w0O8d-Qb_Mgt... Password: 73z$K=2q

And here is the link to the slides
https://docs.google.com/.../1HXYbf4xzMdOXOLsLn84C.../edit...

If you read to the end of the post, please respond to increase the number of people who see
the post. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1054661335352978/? cft [0]
=AZV40UMAFqc1FUT5ABqQgbW9dxYa83K VVcTTUb63mBLfrt1 TLPDBdWES8AKzClwkXB
WSb2CTHjcOkrcUu332m6mF14Fh2woTUw4Sw70wVwpJQpNaZsDCXeVvU6yLhAmvBkkipi
jQyDSTKG|CnxpaDrJv& tn  =%2C0%2CP-R

Eugenia Etkina
16. November2021.

Hi all, today | continue with vibrational motion. Do not forget to like the post when you finish
reading (who knows, maybe you will even love it

For many years | taught vibrational motion of a simple pendulum as vibrational motion,
focusing on the tangential components of the net force and acceleration. It did not occur to
me, that it was also circular motion at changing speed.

Many generations of my students never learned that the acceleration fo the pendulum bob is
not along the tangent to the circle and is not towards the center of the circle but has a variable
directions that can be determined by drawing a good force diagram (forces to scale) and even
better - by drawing a good motion diagram. Here is the activity that allows your students to
figure it out.

Only a small percentage of physics graduate students can draw the direction of acceleration
of a pendulum at different points of the arc (research by late Lillian McDermott). Your students
will be able to! The answers to the questions in the activity are in the textbook on page 297.
If you need them, | can post as a separate post. If you read to the end, you know what to do
next!
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OALG 10.5.1 Represent and reason

You have a small bob on a long string (a pendulum). The pendulum bob swings back and forth, as shown in the
figure below. It is released at position | and swings all the way to position IV before coming back. At each of the
marked points in the figure, the coordinate system consists of an axis in the radial direction (r-axis) and a
perpendicular axis in the tangential direction (f-axis). Disregard air resistance.

a. Complete the table that follows for the positions shown in the figure.

Use the Position | Position 11 Position 111 Position IV
graphical
velocity method
to estimate the
direction of the
bob’s
acceleration.

Draw a force Position | Position 11 Position 111 Position IV
diagram for the
bob,

Draw ther - Position | Position 11 Position 111 Position IV
component of
the sum of the
forces and of the
acceleration. Do
they match?

Draw the r- Position | Paosition I1 Position 111 Position IV
component of
the sum of the
forces and of the
acceleration. Do

they match?

Construct an Position | Position [1 Position 111 Position IV

enel bar
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|
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https://www.facebook.com/groups/320431092109343/posts/1055932055225906/? cft  [0]
=AZV4qY0ayrKXdAMDKe85a8fBJGrhjWJ4TBF4-
2bX0yhz3fOIT83kiaGBAWMJiSgXIN2vRILFzPrbTYp1 DU3Lb8H505Zj5K8FBEUgmjp8c3VI
ODZv1Wx10yBT5few0INuXuVQZBFWgbmUwHmMT2wWEIORH& tn =%2C0%2CP-R

Eugenia Etkina
17. November2021.

Hi all, two things: 1) It looks like December 10th for the meeting is a clear winner so far. If you

have not voted and you wish to learn more about essential elements of the ISLE approach,
then vote!

57


https://www.facebook.com/groups/320431092109343/posts/1055932055225906/?__cft__%5B0%5D=AZV4qY0ayrKXdAMDKe85a8fBJGrhjWJ4TBF4-2bXOyhz3fOIT83kiaG8AWmJiSgXlN2vRfLFzPrbTYp1_DU3Lb8H5O5Zj5K8FBEUgmjp8c3VIODZv1Wx1OyBT5few0lNuXuVQZBFWg6mUwHmT2wEi0RH&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1055932055225906/?__cft__%5B0%5D=AZV4qY0ayrKXdAMDKe85a8fBJGrhjWJ4TBF4-2bXOyhz3fOIT83kiaG8AWmJiSgXlN2vRfLFzPrbTYp1_DU3Lb8H5O5Zj5K8FBEUgmjp8c3VIODZv1Wx1OyBT5few0lNuXuVQZBFWg6mUwHmT2wEi0RH&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1055932055225906/?__cft__%5B0%5D=AZV4qY0ayrKXdAMDKe85a8fBJGrhjWJ4TBF4-2bXOyhz3fOIT83kiaG8AWmJiSgXlN2vRfLFzPrbTYp1_DU3Lb8H5O5Zj5K8FBEUgmjp8c3VIODZv1Wx1OyBT5few0lNuXuVQZBFWg6mUwHmT2wEi0RH&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1055932055225906/?__cft__%5B0%5D=AZV4qY0ayrKXdAMDKe85a8fBJGrhjWJ4TBF4-2bXOyhz3fOIT83kiaG8AWmJiSgXlN2vRfLFzPrbTYp1_DU3Lb8H5O5Zj5K8FBEUgmjp8c3VIODZv1Wx1OyBT5few0lNuXuVQZBFWg6mUwHmT2wEi0RH&__tn__=%2CO%2CP-R

2) | am going to talk about waves today. This is chapter 11. Again, it is important to distinguish
between a physical phenomenon of wave motion and mathematical description of a traveling
sinusoidal wave. To start , a week before you start waves, ask your students to go to a nearest
pond, drop a small rock and video what happens. They will record circular disturbances
coming out from the drop place. show the best video to the class. The question is - what is
happening? - is the water rushing out or parts of water merely move up and down and pull the
neighboring parts? It is a great opportunity to test these two crazy ideas. Think of what testing
experiments students come up with and how to run them. One experiment is in the ALG and
OALG Chapter 11 section 1: https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
Once the students construct the idea that in that wave the material does not move outwardly
but moves up and down, they are ready to investigate wave motion in more detail. We
continue with pulses and use slinkies to help the students actually "see" how a pulse
propagates and how individual coils pull on each other. making the disturbance travel.

Make sure you have a long slinky and three students (the best is when the students are in
groups of three and each group has a slinky and a phone). Attach some colorful ribbon to one
of the coils. Have the two students hold the end of the slinky and stretch it on a smooth floor.
Sitting on the floor one student moves his hand holding the end of the slinky very quickly to
the side and back, the second student holds the opposite end steady. The third student takes
a slow motion picture of the pulse focusing on the location of the coil with the ribbon. Here
they will see two phenomena - propagation of the pulse and reflection off the other end. Focus
their attention on the pulse without reflection first. What is traveling? Clearly something is but
the coils do not travel along the slinky, what does?

This is how the students come up with the idea that it is the energy that is transferred in the
wave, not the material. And it is only being able to transfer because of the interactions of the
adjacent parts. So the not only the person that makes the pulse is important (the source) but
also the medium through which the pulse travels. These are two crucial ideas here - the
source and the medium. More tomorrow. If you read to the end, do not forget to like the post
to make it more visible!

https://www.facebook.com/groups/320431092109343/posts/1056937278458717/? cft  [0]
=AZWWpdT51IGpTuLNPs5IbtfDdV-MICeDc9yRgHaSVgPGWeDKQsMZfM3u-
bPEqp627gZMux8Wwh0OPUKqje650McyOS3G96JrwQJSIJGS5GgrdbD4zgN4decm5SFSMiwg
Gs_1ab8bCz1RJkDZpwfydJ5kD4C& th  =%2C0%2CP-R

Eugenia Etkina
24. November2021.

Hello everyone! | took two days off posting as | wanted you to follow Gorazd Planinsic's posts
about making a standing wave. But in order for the students to understand HOW a standing
wave (or an interference patterns) can be produced, they need to construct superposition
principle for waves. Please do not forget to like the post to make it more visible.

We have an excellent sequence for this not only because the experiments are simple and cool
but because it allows the students to participate on one of the most important aspects of the
ISLE process - devising and RULING OUT multiple explanations. Being accustomed to ruling
out ideas is one of the most important features of doing physics.
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| am attaching a screen shot of the sequence of activities, and | am inviting you to share two
(at least two!) different explanations that students might come up with for the initial
observational experiment. They ALWAYS come up with them, that is why we videoed the
testing experiments. | am posting the links to the experiments separately below but they are
not helpful if you do not do the activities yourself (they are all in the OALG file for chapter 11
posted here). And please do not forget to respond to the post! Thank you!
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
https://youtu.be/XUPHgm9dLIE].

OALG 11.6.1 Observational and explain
a. Go to [hitps://mediaplayer. pearsoncmg. com/assets/ frames.true/sci-phys-egv2e-alg-11-6-1]. Observe
and describe what happens. What do you see when two pulses coming from opposite directions meet?

b. Brainstorm one or two ideas to explain what is happening when the two pulses meet each other.

¢ If you come up with two competing ideas as to what happened, brainstorm ways in which you could
conduct a testing experiment to decide which of these two ideas is correct.

OALG 11.6.2 Test your ideas
Before you watch the video, answer the following questions:

In this video, two oppositely oriented pulses approach each other from opposite directions as shown in the
snapshot below:

a. Use each explanation you developed in Activity 11.6.1 part b. to make a prediction about what the
Slinky will look like just after the two pulses meet. (One prediction based on each explanation.) Sketch
them in your notebook.

b. Now that you have sketched out your predictions, watch the following video

[hitps://mediaplayer. pearsoncmg. com/assets/ frames.true/sci-phys-egv2e-alg-11-6-2] to see which
explanation best explains the behavior in this video. (Which prediction was consistent with the actual
outcome of this experiment?)

¢. How can it be that two pulses arrive to the same place at the same time and the spring appears to be
flat? Where did the energy of the system go in the instant when the spring is flat?

d. Watch the following video at [https://youtu.be/XUPHgm9dLIE]. Is the outcome consistent with the
explanation you chose in part b?
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https://www.facebook.com/groups/320431092109343/posts/1061437141342064/? cft [0]
=AZW2TpfcBKrk6 DH8gkttFKk6BOWAMWIT500DiZC9i-
sYz8dowHgJeOhnfOyJDfHWNFiwauxIZKAOIPYXGEaWFtbE3N73pNKgCftJiopNxfKPKSULN
UsPPQZibk-2BATydFVInBj7wEEPs7Qr1jCHXCnf& tn  =%2C0%2CP-R

Eugenia Etkina
28. November 2021.

Hello to everyone! Three things today: first we have a few new members - WELCOME! please
read the message at the top of the group page to learn how to benefit from the materials
posted here.

Second - if you read the post to the end, do not forget to respond in some way.

Third, we are done with waves for now and | am moving on. The next chapter in the textbook
is Chapter 12 - gases. The beginning of this chapter shows the first (chronologically, in terms
of when it was invented) ISLE progression for the development of a concept - with all major
attributes of the ISLE process - a simple observational experiment, noticing patterns, coming
up with MULTIPLE explanations and immediately testing them and finally arriving to one of
the MOST IMPORTANT IDEAS OF PHYSICS (all by the students themselves) - that matter
is made of particles and move chaotically and have spaces between them. | am pasting the
sequence here with all the videos for you to see, but all of them can be done in person if you
are teaching in person. All crazy ideas that are tested in the activities, came from the students.
12.1 Structure of matter

OALG 12.1.1 Observe and explain

Equipment: 90% isopropyl alcohol, strips of paper.

Dip a piece of paper in rubbing alcohol (or rub the paper with alcohol) and place it on a table.
Observe what happens. Describe your observations in simple words. Note that you should
observe the paper with rubbing alcohol for several minutes. Alternatively, you may view the
experiment by watching the following video. [https://mediaplayer.pearsoncmg.com/.../sci-
phys-egv2e-alg...]

One of your friends described theirs in the following way: “The alcohol disappeared gradually”.
What do you need to assume about the internal composition of alcohol to explain that the
alcohol disappeared gradually rather than all at once?

OALG 12.1.2 Develop multiple explanations

Mindy, Marc, Alex, and Nina are working on Activity 12.1.1. They agree that alcohol must be
made of small parts to enable the paper to gradually dry. However, they disagree on the
mechanism that allows these small parts to disappear. Brainstorm possible reasons for how
and why the small parts of alcohol disappeared from the paper. Come up with at least four
different mechanisms.

OALG 12.1.3 Test multiple explanations

Below are four testing experiments that Mindy, Marc, Alex, and Nina decided to perform.
Predict the outcome of each experiment described below based on each of the four
mechanisms you came up with in Activity 12.1.2. (For example, if the small parts soaked into
the table through the paper and we hold the paper between our fingers when drying, then the
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paper should not dry—the table is not there to absorb the alcohol.) Remember that each
testing experiment needs four predicted outcomes, one based on each mechanism.

Predict the outcome of each experiment below using all four explanations:

a. Hold the paper that has been dipped in alcohol between your fingers without putting it on
the table while it is drying.

b. Weigh the paper before the experiment, when it is wet, and then again when it is dry.
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

c. Take two identical pieces of paper and put the same amount of alcohol on each. Then, place
one piece of paper under a vacuum jar and the other one just outside the jar.
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

d. Pour some alcohol into a beaker. Place a small drop of colored alcohol (alcohol to which
you added some dye and stirred to mix) into the beaker with clear alcohol, but do not stir it.
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

After you have your predicted outcomes on a whiteboard, perform the experiments (or watch
the videos of them) and decide which experimental outcomes are consistent with which
predictions. Then, make judgements as to which mechanisms you have gained confidence in
and which ones you can reject.” Check your reasoning with the reasoning in Testing
Experiment Table 12.1 on page 353 in the textbook.

OALG 12.1.4 Explain

The only explanation for drying alcohol that could not be rejected by testing experiments was
the explanation that alcohol consists of tiny particles (called molecules) that move randomly.
How do you need to modify this explanation to account for the fact that not all of the particles
leave instantly?

https://www.facebook.com/groups/320431092109343/posts/1063961021089676/? cft  [0]
=AZWhPtWij745areqYhYMZSuU2LJxsyVvdSrROiYXkuoOVI66 MjoPMm7D2K50-
a7CxNgYvQ6SNFBrNASXCncOyWQg uh7tGx2hHz8b4TEwdvVHFOfNLFZC4yJdN4QZ0S W
FgbP5AIKKMBYWHCE1GG Drp& tn =%2C0%2CP-R

Eugenia Etkina
30. November2021.

Hi all, | am continuing with Chapter 12, Gases (check out the OALG file posted here for it for
all of the activities). Please do not forget to respond to the post to make it more visible.

As the first two activities that | posted two days ago showed, this chapter is ripe for
opportunities to practice our unique ISLE-based reasoning - inventing multiple explanations
for the observed phenomenon, and learning to systematically reject them by systematic
testing. The next two activities that | am posting today allow for similar steps but even better.
They relate to the development of the concept of pressure that moving microscopic particles
exert on the walls of the container. | am posting the first activity below and AFTER | will share
my experience with the students that leads to the second activity. So, here is the first one:
OALG 12.2.1 Observe and explain

Equipment: a balloon.

Blow up a balloon and carefully observe how its shape changes during the process. Use the
idea of moving particles to explain why it expands when you blow air into it. Explain why the
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balloon does not expand any more when you stop blowing. Describe an experiment you can
perform to test your explanation(s).

The idea here is that not only the stretched rubber of the balloon stops its expansion due to
the hits of the air particles inside it, but also the particles or the outside air bumping from
outside. Itis this exact idea that one of my students (who never had physics before) expressed
in in class. Immediately after, another student (I even remember his name, although it was 20
years ago, Jabari), Jabari, says: Wait a minute. If this is true and the particles of air are
preventing the balloon from further expanding, then the un-inflated sealed balloon should
expand by itself if we put it in a vacuum! But this will never happen, how can a balloon inflate
by itself?

Luckily, | had a vacuum jar and a balloon handy, so we did the experiment and voila! the
balloon inflated! There was this audible gasp of the whole class. Jabari predicted this crazy
thing! They clapped and smiled and Jabari became my best student that year. Now, Jabari's
idea is implemented in our materials. See the next activity below.

OALG 12.2.2 Test multiple explanations

In the experiment in the video [https://mediaplayer.pearsoncmg.com/.../secs-egv2e-testing.. ],
a partially inflated (and tied) balloon will be placed in the bell-jar and the air will be removed
by the vacuum pump. Use each of the ideas you came up with in Activity 12.2.1 to make
predictions about what the balloon will do when the air is pumped out of the bell-jar (state one
prediction for each idea being tested). Write down your predicted outcome(s). Then watch the
experiment. Which of your predictions was consistent with the experimental outcome? What
is your judgment on each of the ideas you were testing?

If you read to the end, please do not forget to like the post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1065250417627403/? cft  [0]
=AZWrdo5IKM 7e3zc CCBmMo7Xmx0FvS3mjC1GAg2h3Y299ZQxe5hvsntigZSmnBAbHIMz
0zbhhQVhLRMKrl6oKgDYoxEdwmVIIB8pk-
MQKX2tDGpOyXS86GxFONsOVLbOMZ2GKOK2bXFaYX81NdmNgHpd& tn =%2C0%2C
P-R

Eugenia Etkina
2. December 2021.

Hello everyone, | continue with gases today. My post is about how we do derivations in the
ISLE approach. Many of my posts are about conceptual reasoning and experiments, they
might cause you to wonder: what about deriving stuff? How do students do it? We have many
different approaches engaging students in deriving mathematical relations. One of them is by
giving them tables of data to find patterns (I showed those for Newton's second law) and have
them in lots of chapters. But sometimes, we actually let students derive complicated
mathematical relations. One of those relations is the dependence of the ideal gas pressure on
the number of particles in unit volume, their mass and speed.

It is important to remember that this derivation simplifies even more the model of ideal gas - in
the ideal gas particles are point-like objects that only interact with each other in direct collisions
and obey Newton's laws. To derive the above relation, one also needs to assume that the
particles to not collide with each other but only with the walls of the container and by default
move with different velocities.
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Here is how we guide the students through the derivation: We ask them a small question, tell
them what they should have as an answer and let them figure out how to get to that answer.
Then we ask the next question and again give them the answer and ask them to figure out
how to get to it. Please take a look and see if your students would be able to follow.

Note, that we do not ask the students to read the book before they come to class, instead we
ask them to struggle with the derivation and only AFTER that read the textbook. This approach
is orthogonal to the flipped classroom approach that encourages the students to read the
textbook first and then engage in discussions in class. Our approach to derivations is based
on the innovation-efficiency corridor introduced by Schwartz and Bransford. | can talk more
about it if people are not familiar with it. Please, if you read to the end, do not forget to respond
- like it, post comments, anything that will make the post more visible.

OALG 12.3.2 Derive
Imagine that the gas inside a container has such low density that its particles almost never collide with each other;

they collide only with the walls of the container. Assume a model of the gas as tiny moving billiard balls obeying
Newton’s laws. We wish to derive an expression for the pressure that the gas exerts on the walls of the container.
1

|

-~

myV

X

a. Start with one of the “balls” of mass mo traveling at speed v parallel to the x-axis at speed v . The ball bounces

back and forth between the two walls of the container that are separated by distance L and that are perpendicular to
the x-axis. Use your knowledge of the impulse—-momentum principle to show that the impulse of the ball, as a result of

one collision against one wall, has magnitude 2m_ v .
0 x

b. Show that the time interval between impacts for the one ball against that same wall is 2L/v .

¢. Use the results from parts a, and b. to show that the average force that these collisions exert on the wall over the
time of several passages of the ball (F; \3) is mov_f /L and that the average pressure that N balls, or particles, will
exertonawallis P= N(movf L.

d. The Vj in the expression for average pressure in part ¢. should more properly be designated as the average of the
square of the x-components of the velocities E The N particles inside the container move at different speeds and in

different directions. How is vf related to the average of the square of the speeds v’ ? Hint: Assume that one-third

of the particles move in each of the three directions (X, y,z).
e, Now consider the pressure that these particles exert on the walls of the container. Show that the pressure that they

exertis equalto P= %f-(mnvlj.

f. Read and interrogate Section 12.3 in the textbook and compare your derivation to the one in the book.

https://www.facebook.com/groups/320431092109343/posts/1066460394173072/? cft  [0]
=AZUUHYE-
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FVISCIGKMv8ql_ueMHaoxVZ6pdLrAYZvWM;jzjKrSTgdhcn6mTO8CKDuY6BsBUHISIMAYSV
iukPLTWarv195ArCm3Y9YaxK5AwcJk8yIM8PsbPBrkPHhx6 u4FGg8nfhOYXub2ums7Sj3K
PHo& tn =%2C0O%2CP-R

Eugenia Etkina
4. December2021.

Hi all, please if you read this post, do not forget to like it or reply to it! My post today is a
response to Bor Gregor¢i¢ who asked about Schwartz and Bransford's innovation-efficiency
corridor. Here is a brief summary. S&B investigated whether students can learn better if they
first struggle with the problem and then are told how to solve it or when they are lectured on
the subject and then are given a problem to solve. Struggling with a problem is innovation and
telling students how to do stuff correctly is efficiency (in simple words). It turns out that struggle
first and learning the right approach later is much more productive for learning that the other
way around. By for learning, | mean future learning - student ability to learn new stuff based
on the stuff that they struggled with and then learned about. Efficiency first and innovation
next is the traditional approach to teaching as well as the flipped classroom approach.
Innovation first and efficiency second is the ISLE approach.

The corridor is the right balance of innovation and efficiency - if you let people unsuccessfully
innovate for too long, they become frustrated novices, if they know all the rules but are never
challenged to innovate, they become bored. So the balance of a little innovation and then little
efficiency, and then again little innovation and little efficiency is the way to go. This is exactly
how the OALG activities are structured - almost each activity starts with innovation and ends
with efficiency when the students are asked to compare their findings with what is written in
the book (or with the summary that the teacher does - we call is "time for telling" - also from
B&S terminology.

B&S did not explain why the innovation first, efficiency next is better but we can speculate.
When the information comes first, there is no need to know for the students, so they do not
pay attention or they do not even know what to pay attention to. The students also have no
image of what the lecture/text is about, so the brain does not engage properly. They do not
have an opportunity to form their own hypotheses, so the brain cycle breaks (for all of the
above see J. Zull, The Art of changing the Brain book).

There is also such thing as a concept of "productive failure" - researchers who work with this
concept found that it is more useful for the students to try a problem (activity) and not be
successful in it and later learn how to do it properly, than be told how to do it properly without
trying and failing first. | think all the arguments in Zull's book (those who have not read it, need
to get it!) explain all those findings. If you read to the end, please like this message or reply to
it, thank you!

https://www.facebook.com/groups/320431092109343/posts/1067713510714427/? cft _ [0]
=AZXKUhMGD7LE1wXqg6t 2UTdFTOUF4yHgza8Zd5fE94fr3 0cNIXlol1h3QfvMbz4UGUgX
E4XtKPrMg-

7R5YbuUQIZJEKYgYReuAynFoqYVch8mQAbMDYdtshjOB14kimf8g& tn  =%2C0%2CP-
R
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Eugenia Etkina
5. December2021.

Hi all, thank you for your comments yesterday. | will post tomorrow the continuation of the
conversation focusing on why it is important for students to struggle first but it is not any
struggle that helps them grow. In fact, some struggles develop "learned helplessness" and are
bad! Hang in till tomorrow! Today | want to share a project that was initiated by Hrvoje MilolozZa
and on which we are working with him together now.

Hrvoje MiloloZza suggested making a google folder where we would collect all the posts on the
group page in different categories. It will take a long time to copy and paste years of posts
there, but we are making progress. Please save the link to the folder that | am about to post
here and start reading when you have time. And PLEASE like the post to make it more visible
.(or comment on it).

Here is THE link:

https://www.facebook.com/groups/320431092109343/posts/1068347530651025/? cft  [0]
=AZW5n2WsemPdINvVVRI70fzZE6DdSTeMBNrzvL2mJb LcqrQf6yo-
xy974Hj7ANbmxVnYY2rtKVm5mD3tPKucKu7Ck9uvbOQL6r0O868nyIP7nTF12FOnC2sLBfo
LhDRCtaiAUc57UFC72IUns4uz081cDU& tn  =%2C0%2CP-R

Eugenia Etkina
6. December2021.

Hi all, two days ago | posted about innovation-efficiency corridor and Warren Collier responded
that some students do not want to struggle. Could these students be telling us something?
Studying books about growth mindset and grit, | think | have an answer to this question,
specifically, what kind of struggle is productive and why productive struggle is essential for our
students.

Here is what | found. Overcoming adversity (meaning difficulties, failure) is crucial for the
development of growth mindset, which in turn is the foundation of grit, which, means
perseverance towards big goals in your life. This grit towards achieving big goals not grit
towards little things is the quality that determines success in life.

Assuming that we all want our students to be successful in life we need to know (this is vitally
important!) what kind of adversity leads to the development of growth mindset and what kind
of adversity leads to the development of learned helplessness. Here is the research answer.
Are you ready?

It turns out that when you feel that you have control over what is happening, adversity makes
you stronger, it makes you want to overcome it, it makes you want to struggle. But when you
do not feel that you have any control over the situation, adversity (difficulties, failure) make
you want to quit, sends a message that you cannot do it and there is no point in trying (it
develops learned helplessness). Therefore to help students learn to embrace adversity and
develop growth mindset, we need to give them the feeling of control over their learning.
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What??? Give them control?? This sounds ridiculous! | am the teacher, | should be in control,
right? Turns out that it is WRONG! Our students need to feel that they have control over their
learning. How can we give them this feeling of control while still guiding them through the
learning process? | would say that the ISLE approach has the answers naturally embedded in
it.

First, the students have conceptual control of their learning - they devise their own explanation
for the observed phenomena and they learn how to test them. They design their own
experiments and they make their own judgments about the results (of course we guide them
through it by carefully choosing observational experiments and tools for reasoning but it is
them who make final decisions).

MORE! The important part of the ISLE approach is giving the students an opportunity to
improve their work on quizzes, lab reports, etc. It gives them control over how far they wish to
go, how much they want to improve. Stopping at the first earned grade for the assignment
leads to fixed mindset - | did not do well, or well, there is nothing to do about it.

MORE YET! Just creating the feeling of control is not enough. What else is needed? HIGH
EXPECTATIONS! Not only do we need to expect a lot from our students, we need to explicitly
tell them that we expect a lot because we believe that they are capable of achieving these
high expectations. Just writing on a piece of student work after making comments: "See my
comments. | know it is a lot to work on but | believe that you are capable of meeting my high
expectations," makes a huge difference in what students do after receiving the comments.
Bottom line: let students struggle but when they struggle make them feel that they have control
of their own learning and that you have high expectations of them. We can talk more during
our meetings how to do it in detail. | have lots of examples of how to do both. If you read to
the end, please do not forget to like the post of reply to it.

https://www.facebook.com/groups/320431092109343/posts/1068854643933647/? cft [0]
=AZVQQoKpl9aAhiwD33g63BKju7VIRnqv2WxTSPAPgh-
h27NddgaTa9YIxJnKGrl40U40R0ORkxKboJAJHh2FBdkiSAzqTIl4Dcd-
rWZGDwuyRIVU7tW2iFm99KpThfpGsKeZs& tn  =%2C0%2CP-R

Eugenia Etkina
7. December2021.

Hi people, Sundeep Portia and Hilary Smith asked a question about how to learn about the
ISLE approach. | wrote a reply to Sundeep Portia but | think everyone will benefit from what
wrote. If you wish to learn about ISLE (the original goal of this group was to support those who
use the ISLE approach and our textbook but starting with the pandemic | opened it up to all
physics teachers who are interested.) So, to learn more about the ISLE approach, visit
islephysics.net (read about it and check out the papers), watch my talks about ISLE at
https://www.youtube.com/watch?v=BKsAGu7RN9k or at
https://www.youtube.com/watch?v=HjPgDbbvnEO and watch my Millikan lecture about ISLE
at https://drive.google.com/.../0B5AI1VazSD5acORQajR.../view... as well as join our meetings
- the next one is coming up on Friday or the workshops when they are announced. so, this
coming Friday at 6 pm EST we have a meeting about essential elements of the ISLE approach.
If you are not familiar with ISLE and wish to attend the meeting, try to read the postings on the
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islephysics.net website and watch a few talks. This will get you started. If you read to the end,
please like the post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1069052383913873/? cft  [0]
=AZWy-7AvclL-L0oVUG4ZXe8XkFx0ABcyDnbOf7eYC6eszgblbOb2KRgmOvY-

3ByJB2j m8JE8FdC5DyCFt1kUxBhMZVDwpfzjljo2AjO2ENEg1DZjbdZBpRx9zz9k-
FAAMDU9FpkHSKF4Aie7fRspa2fc& tn  =%2C0%2CP-R

Eugenia Etkina
7. December 2021.

Hi people! | wanted to continue our conversation about creating growth mindset and
developing grit. Yesterday | wrote about the balance of high expectations and giving the
students the feeling that they have a choice. As well as to allow them to fail, but to use failure
as the reason to grow not despair.

As you probably know, | taught physics and astronomy as a high school teacher for a long
time before getting my PhD and starting as an assistant professor at Rutgers, Graduate School
of Education. Although it was very long time ago and the terms such as growth mindset, grit,
formative assessment and so forth did not exist (or were unknown to me) | intuitively felt that
development of all these qualities was necessary. So, this is what | did (and now many of my
former students, now high school physics teachers, do it too). | also did it teaching physics at
Rutgers and forever when | was in the GSE preparing high school physics teachers.

Every lesson in my classes started with a short quiz. 1-3 simple questions that allowed me to
see where my students were. The questions were based on the previous lesson and
homework. If you did the homework, you would finish the quiz in 5 minutes, if you did not do it
- you would not finish. The time was strict. It would take me about 20 seconds to grade each
quiz, | had 100 students every day, so it was 2000 seconds of grading for me every day, which
is about 35 minutes. Honestly, it was around 40-50 minutes every day as some would take
slightly longer. Every morning coming to class each student would receive yesterday's quiz
and see what needed to be fixed. They could come to me after school once a week or every
morning before school (I came 45 min before the first bell) and retake the quiz (a different
problem) or talk to me to convince me that they learned. It was their choice to improve. | had
a slogan "No grade is ever final". If they showed me that they learned, they would get a 100%
no matter which attempt it was - first or 5th. The message that they got was that it was learning
that mattered.

This system not only allowed students to learn continuously but it also made me see what
common issues arose and what to do tomorrow to fix them. | always knew where my students
were and | NEVER collected or graded their homeworks although | assigned them every day.
All my students knew that if they did not do the homework, they would just fail the quiz and
needed to come early to improve it.

The same rule of improvement applied to lab reports and even unit tests. But it is those daily
quizzes that | want to emphasize.

This is just one example of how to help students deal with failure with the feeling of control. It
was THEIR choice to improve and it was their choice HOW to improve. If you read to the end,
please respond to the post in some way - like it or comment. Thank you!

And do not forget about our meeting on Friday!
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https://www.facebook.com/groups/320431092109343/posts/1069052383913873/?__cft__%5B0%5D=AZWy-7AvcL-L0oVUG4ZXe8XkFx0ABcyDnbOf7eYC6eszgbIbOb2KRgmOvY-3ByJB2j_m8JE8FdC5DyCFt1kUxBhMZVDwpfzjljo2AjO2ENEq1DZjbdZBpRx9zz9k-F4AmDU9FpkHSkF4Aie7fRspa2fc&__tn__=%2CO%2CP-R

https://www.facebook.com/groups/320431092109343/posts/1069457223873389/? cft [0]
=AZW 3IShVav5tlordgO7EqWitzZWQIKi7XPnMa100VLFHMV 3kefep8VU9dWyI874GglLHJ
U3NaEnYPRIzs PblFcUc2CCXb3iDtydh6ISXY4xfCDZo9wmL9Q HEe-

zpTb bLQ& tn  =%2C0%2CP-R

Eugenia Etkina
9. December2021.

Hi all, three things today: 1) a reminder that we will have a meeting tomorrow at 6 pm EST,
about the essential elements of the ISLE approach; 2) when you read the post, make sure you
respond to it in some way and 3) | am continuing with gases (Chapter 12). | know that some
of you are not teaching gases, but those who teach at a college level do and those who do
AP2 do, so I will just go through the book chapters and you can save the post for the future if
you do not need it right this minute.

We have a unique way to help students first to find out the value of the absolute zero
temperature and then to connect it to the average kinetic energy of particles of ideal gas. The
students get both ideas from experimental data. | suggest that you do the activities yourself to
see how the relationship emerges. | am pasting a screenshot of two activities, | had to shrink
them to make them appear on the same page, but you can find them in the OALG (posted
here). There is a typo in the file - it should be argon instead of nitrogen, | fixed it in the file in
the screenshot but you will need to fix it in the downloaded OALG file. Slipped through the
cracks...
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OALG 12.4.1 Observe and explain
A sealed metal contamer with a low-density gas is successively placed in baths of water at different temperatures.

Then, a different gas is placed in the container and the procedure is repeated. Data related to the pressure and the
temperature of the gases inside the containers are shown in the graph below.
a. Find the lowest possible temperature that the two gases can have, What assumptions did you make?
P (kPa)
150 1 Gas |
100 /

50

T T T T T { I:I"‘:I ]
25 50 75 100

b. Use the lowest temperature value you determined in part a. to make a new temperature scale with the same
temperature interval as in the Celsius scale, but with the new zero point that you determined. This new scale is
called the absolute temperature scale.

. Use the expression in Activity 12.3.3, part c., le!-r‘%[mu;),mdim:aslnwlhetmqm:nnmtheabmtuu

scale is related to the average kinetic energy of gas particles.

OALG 12.4 4 Reason
The table below represents data collected when a constant-volume metal container with | mol of argon (

N=N_I=6.'I]2><lﬂn molecules) is placed in baths of very different temperatures. [f we assume that the ratio
£L s proportional to the absolute temperature of the gas (i.e., £- = kT'), we can find the coefficient of
proportionality, k. Solve for the proportionality constant k for the two sets of data.

Known physical quantities PV < Known physical quantities PV i
NT NT

P=1.01x10° N/m’ k= P=138x10° N'm’ k=

T =273 K (melting ice) T =373 K (boiling water)

V=224x10" m’ V=224x10" m’

a. Is the value of k independent of gas temperature? Explain.

b. Find a relationship between the absolute temperature of the gas and the average kinetic energy of its particles.
Hint: Use the results of Activities 12.3.2 and 12.3.3 to help.

. Find the total kinetic energy of all the particles of argon at the two different temperatures.

. Does the absolute temperature of the nitrogen depend on the total number of particles in the container? Explain.
e. Does the total thermal energy due to the motion of argor] particles depend on the number of particles in the
container? Explain.

https://www.facebook.com/groups/320431092109343/posts/1070796873739424/? cft  [0]

=AZU2TPQn7swWZHyB5f6aSrVqaOiTUwYXIbZT96WrMh-

4TeFKKmBXRGOCIIiUy3LGMcWo9bs4xCbDxIEW700W|TitOkYswe9kGhZhmAWxRrga-

sVoINs-oHBASFZoKOhfxRT4BFw8bbG-KOPMHc5mbAOp& th =%2C0%2CP-R
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Eugenia Etkina
11. December2021.

Hi all, | am very sorry but there is no recording of yesterday's meeting. At first | forgot to start
it and then | think | accidentally paused it a few minutes later. | am very sorry. | am pasting the
link to the slides. Those who will read the slides (all information is there actually) and have
questions can post them here, and if there is enough people who could not attend yesterday,
I am willing to run one more meeting for this topic, in January. Jut let me know, please. Here
is the link to the slides. sorry again, | got too excited about the topic and we lost the recording.
The next meeting will be about resubmissions - what system do you use to help students
improve their work and you not losing your life? As all other topics, this one came from the
participants. We will have a meeting in January or February to share how different people do
it. If you are doing resubmissions or any improvement of work, please sent me an email so
that we can make a list of people to make teams during the meeting. It was Carolyn Sealfon's
idea. sorry again.

https://www.facebook.com/groups/320431092109343/posts/1071880946964350/? cft  [0]
=AZWyxwCxmFXKWgNa7jRyxARJeFBov8BLs Eka38Q1I120RURx7DrAcXm 24I0D9YEjYdI
89ktPNXL96b5P2LEQI93FoRD40OEhtg-gea1NqUcjqyY6ydJULfgA-
iNRGz48eA7vU2VbbYKO01fOj5 -Cbg7s& tn  =%2C0%2CP-R

Eugenia Etkina
13. December 2021.

Hi everybody! Three things today: please vote for the date of the repeat meeting for the
essential elements of the ISLE approach, | only see a few people who voted. This group was
originally created for those who follow the approach and use our textbook. We opened it up
for any interested physics teacher during the pandemic but still, | would day that the main goal
of the group is to help people implement the approach. So, please vote!!! Second, | am going
to present a problem that is very useful for students learning gas laws but very different from
anything that you saw before (unless you learned physics in Russia). And third - please do not
forget to reply to the post if you read it. OK, here is the problem (attached).

You read it and wonder: What is so special about it? | have seen graphs of cyclical processes
before! The truth us that you probably did not (unless you have been using our textbook or
learned physics in Russia where such problems were common). Traditionally in the US
textbooks the cyclic processes are only used in thermodynamics and only is P(V) coordinates.
What his problem offers is - all coordinate systems and true understanding of the iso
processes. Note the positions of the graph axes for the other two sets of axes - why are they
positioned in this way? Why are there short lines on the axes? What do missing graphs look
like and what aspects of the new graphs are important? | will wait for your ideas and then
share my answers. There is another problem like this in the OALG - 12.7.2. The same
problems are in the ALG Chapter 12.
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https://www.facebook.com/groups/320431092109343/posts/1071880946964350/?__cft__%5B0%5D=AZWyxwCxmFXKWqNa7jRyxARJeFBov8BLs_Eka38Q1l20RURx7DrAcXm_24l0D9YEjYdI89ktPNXL96b5P2LEQl93FoRD4OEhtg-gea1NqUcjqyY6ydJULfgA-jNRGz48eA7vU2VbbYK01fOj5_-Cbg7s&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1071880946964350/?__cft__%5B0%5D=AZWyxwCxmFXKWqNa7jRyxARJeFBov8BLs_Eka38Q1l20RURx7DrAcXm_24l0D9YEjYdI89ktPNXL96b5P2LEQl93FoRD4OEhtg-gea1NqUcjqyY6ydJULfgA-jNRGz48eA7vU2VbbYK01fOj5_-Cbg7s&__tn__=%2CO%2CP-R

OALG 12.7.1 Represent and reason
The P-versus-T graph in part b. describes a cyclic process comprised of three hypothetical
processes. The mass of the gas is constant.

a. Describe the processes represented on the P-versus-T graph in part b. by completing the table

that follows.

[ Process | Describe what happens | Describe what happens to | Describe what happens
to the pressure of the the temperature of the gas. | to the volume of the
gas. gas.

1-2 Remains constant

223 Increases Remains constant (the
line passes through the
origin)

31

b. Use the information in the table to represent the processes in P-versus-V and V-versus-T

graphs. Notice that we placed the P-versus-J graph to the right of the P-versus-T graph to keep
the same scale for pressure, and the F-versus-T graph under the P-versus-T graph to keep the
same scale for temperature.

}

i 7

For help, use Table 12.6 in the textbook on page 370.

g

https://www.facebook.com/groups/320431092109343/posts/1073438533475258/?  cft

[0]

=AZUvealt817z321Fd4UtQ49NIZnO9sxrHxR1zUBzRoB_Noh7_x-6Krvc4tOzNaue-

sPLKDUgxTWP6I5ZnDPmjh9dCBvRyjgkEyPvwO0-

EO5gR 7pWC9Z2dOvUWxXzXG6r3 RWUz8IZWECCEFoNCCIc625T& tn =%2C0%2CP-

R

Eugenia Etkina

14. December 2021.
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https://www.facebook.com/groups/320431092109343/posts/1073438533475258/?__cft__%5B0%5D=AZUveaIt8I7z321Fd4UtQ49NlZnO9sxrHxR1zUBzRoB_Noh7_x-6Krvc4tOzNaue-sPLKDUgxTWP6I5ZnDPmjh9dCBvRyjgkEyPvw0-EO5gR_7pWC9ZdOvUWxXzXG6r3_RWUz8lZwECCEFoNCCIc625T&__tn__=%2CO%2CP-R

Hi all, we have a few new members today, welcome!! We have posts here related to the
chapters in the textbook College physics: Explore and Apply , comments about the
implementation of the ISLE approach (the foundation of the textbook and all our supporting
materials) and teaching of physics in general and discussions generated by the members. The
old posts are being compiled in a google folder with the address below. In the FILES section
here (see the top of the home page) you will find free curriculum materials for teaching on-line
and papers describing what the ISLE (Investigative Science Learning Environment) approach
is. We also have monthly meetings dedicated to the questions of the members. The next
meeting is coming soon - probably January 8th, | am still waiting for the responses to the poll,
feel free to fill the poll out too (it is a few posts below). Here is the link to the google folder:
https://drive.google.com/.../10qn...

Please like the post to make it more visible! And welcome again, it is great to see how our
group is growing!

https://www.facebook.com/groups/320431092109343/posts/1073870193432092/? cft [0]
=AZUJg0S1FAX-

hov8yalLPxg clQsJtwS02cW NZNaDI31pHXNRf1LSAHmMRXY 3ajjtTtS8VJCLbtZzofMySN37
Tz0v-2bbT3dWeWNWX3g7Ke55iEc-8hpKvtrF y-iQBHfDmyROVVndGyJK4I3R ANTjf-

& th =%2C0%2CP-R

Eugenia Etkina
15. December 2021.

Hi all, | am not seeing any answers for my post from December 13th. Oh, well... maybe later?
Today | am starting Chapter 13 - fluids at rest. There are two major ideas that students
construct in this chapter - the idea that pressure depends on the height and density (not the
mass or weight) of a fluid above the level at which we are measuring and that a fluid exerts an
upward net force on an object on Earth (the object cannot be in free fall). We have excellent
ISLE progressions for both ideas, | will not repeat them today. But | wanted to share with you
an activity to do with the students after they have constructed P=Patm+ro g h. | pasted it below,
you can do it at home now and see how great it works! The idea belongs to Gorazd Planinsic.
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OALG 13.3.5 Observe and explain

Equipment: two identical transparent containers (large plastic cups, glasses or 0.5-liter water bottles with
cut tops), two identical straws, sugar.

For this experiment, you will need to prepare a sugar solution in water, The proportion is about
200 g of sugar per 1 liter of water. For the experiment, you only need about 200 ml of water
therefore less sugar (do the calculation).

a. Prepare two identical containers. Pour tap water in one of them and sugar water solution in the
other. Make sure the level of water in both containers is the same.

b. Hold the two straws in your mouth and lower their other ends into the water of the two
containers so that both straws are almost touching the bottom (but are not in contact with it, see
the figure below).

Start blowing into the straws until bubbles come out. In which container do the bubbles come
out? Blow a little harder. Can you make the bubbles come out in the other container?

¢. Explain your observations and draw graphs of pressure-vs-depth (for help, check the graphs in
Conceptual Exercise 13.3 in the textbook). Why do bubbles only come out in one container and
not in the other container? How can your graphs explain why you cannot make the bubbles come
out of the straw in the second container?

https://www.facebook.com/groups/320431092109343/posts/1074583310027447/? cft  [0]
=AZVKFBCRAhOBnbDHDLUAXXxzRTFYe63J1ISV74ryiKS uJAiVFDBPMRarMus7RVRPJV
PEH-priCyH50QXjhhOrvrLt7BkmR7qd-aNCd0 8jVJuoLBpQ44KS569Z3yFw3cc6IBgEGrijfh-
9pEC211ZQZ8& tn  =%2C0%2CP-R

Eugenia Etkina
24. December 2021.

Hi all, we have several new members who joined in the last couple of days. Welcome all! The
instructions how to use this group is in the announcement on the top of the page and in the
few previous posts. This group is focused on the approach to learning physics described at
islephysics.net. Check it out! For everyone - Happy Holidays! Whatever you celebrate! | am
going to take a break from posting for a few days - | want to let you enjoy the break that
everyone has now. | will be back on January 2nd and we will continue with Fluids in motion

73


https://www.facebook.com/groups/320431092109343/posts/1074583310027447/?__cft__%5B0%5D=AZVKFBCRAh0BnbDHDLUAXXxzRTFYe63J1lSV74ryiKS_uJAiVFDBPMRarMus7RVRPJVPEH-priCyH5OQXjhhOrvrLt7BkmR7qd-aNCd0_8jVJuoLBpQ44KS56gZ3yFw3cc6lBgEGrjfh-9pEC2ItZQZ8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1074583310027447/?__cft__%5B0%5D=AZVKFBCRAh0BnbDHDLUAXXxzRTFYe63J1lSV74ryiKS_uJAiVFDBPMRarMus7RVRPJVPEH-priCyH5OQXjhhOrvrLt7BkmR7qd-aNCd0_8jVJuoLBpQ44KS56gZ3yFw3cc6lBgEGrjfh-9pEC2ItZQZ8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1074583310027447/?__cft__%5B0%5D=AZVKFBCRAh0BnbDHDLUAXXxzRTFYe63J1lSV74ryiKS_uJAiVFDBPMRarMus7RVRPJVPEH-priCyH5OQXjhhOrvrLt7BkmR7qd-aNCd0_8jVJuoLBpQ44KS56gZ3yFw3cc6lBgEGrjfh-9pEC2ItZQZ8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1074583310027447/?__cft__%5B0%5D=AZVKFBCRAh0BnbDHDLUAXXxzRTFYe63J1lSV74ryiKS_uJAiVFDBPMRarMus7RVRPJVPEH-priCyH5OQXjhhOrvrLt7BkmR7qd-aNCd0_8jVJuoLBpQ44KS56gZ3yFw3cc6lBgEGrjfh-9pEC2ItZQZ8&__tn__=%2CO%2CP-R

and Thermodynamics. However, if anyone has a question - please post! | am reminding you
about our repeat meeting on January 8th. Please sign up!

https://www.facebook.com/groups/320431092109343/posts/1079965886155856/7? cft  [0]
=AZVthVSECLI xh7IBhYFTJIHGDC8B2InOmzu7IHNSLcTQ4 rzA2IVNg4TzVRx0x9 v51Zk
BU3SX7Ce6jvIL6pkOFCA2zH41r4FuCn7 _hYdrCHcYxK2S5Q4e3hhPBdOGNeGfE& th =%
2C0%2CP-R
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