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Outline
1. Introduce teaching concept map

2. Use the teaching concept map develop
hypotheses about how physics
instructors:

 Decide what types of Example Problem
Solutions use

* View their role in managing student use of
Example Problem Solutions

3. Develop hypotheses about what
features of expertise physics instructors
value in example problem solutions?
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Management of Student Use of
Example Problem Solutions (EPS)

* All six instructors described their management
of student use of EPS as:

* Assigning test or homework problems for

students to work on and then provide EPS
(path B — working and comparing)

 Working EPS on the board during lecture
(path C -- looking)
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Management of EPS (path C)
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"1 Management of Student Use of

Example Problem Solutions
* All six instructors described their management as:

« Assigning test or homework problems for students to
work on and then provide written solutions
(path B — working and comparing)

o Instructors think that students will learn by comparing
these EPS to their test/HW solutions -
but, they don’t believe students do this

o Instructors don’t attempt to manage the situation further
 Working example problems (that students have not

previously seen) on the board during lecture
(path C — looking)

o Instructors don’t talk much about what students do in
this situation or how this leads to learning

o Instructors don’t attempt to manage the situation further



‘“Bare-Bones Solution”

Instructor solution |

———————

The tension does no work

Conservation of energy between point A and B

Mv,2/2 = mgh

Vﬁz = 2gh

At point A, Newton's 2" Law gives us
T-wW=mz"

T-w=mv2R

1292N

T=186, + 2:18):23,,/.65,, =

10



“Emphasis on Details”

Each step explicitly
written and goal —p
clearly stated

Include clarifying

Instructor solution Il

top
, A
w =16N = weight of stone '
% R= 0.65m | "
£ | h=23m '
v,= 0 = velocity at top SN
i/ A
cg) V=7 = velocity at release / 4 release T
£\ vp= 7= velocity at bottom N\ / F
\\ Il
2 \force my hand exerts = F=7 N ‘l’ A
bottom

Step 1) Find v, needed to reach
Ei=E

Conservation of anergy for the stone earth
system, since no external forces.

E.es e = EwP Note: you could also choose other systems.

FENI:&&G + KEreIcaéc = PEwp

KE
Yop l KE of earth estimated to be O J

#gR +#v 212 = mgh +
v =2g(h -R)

Step 2) Find v, needed to have | at release

[ You could algo use kinematics to find v, J

Evottom = Ereiease Conservation of energy for the stone carfth system.
Since TLv in circular path, T does no work.

PEthf.-D'ﬂ+ KEWH‘.{J’H = F;’Er'sl.sa + KEm:ssss

200zl aR 12

comments

Using v_from above:
V, = [2gh]"*

Step.3) Find T, , tension at botfom, needed for stone to have v, at bottom

\ S Fma

Y Fe=ma,

T,-w=mvy/R

—»
—» Ty
ap * To relate the forces to velocity we can look at

. the radial component, and use a;=/IR.
K +w

Free body diagram

Using v, from above:
T, - w=2 mgh/R
T,=w+2wh/R =18+ 218 23/.65 =| 1292N

11

T, equals F, the force my hand exerts, for a massless string



“Emphasis on
Rgasoning
in physics terms

Planning the solution
— including reasoning
for each step

Starts from the target
quantity (Tension)

Evaluation of final
answer

3
e question

/'<

Instructor solution I

Agproach;
I nead to find F., force exartad by me. | know

/ the path, h (height at top) and v, (valocity at top)

&) Foramassless steing £, = T, (T,-Tanelon at bot4om)

B} |can relate T, to v, l:v.:l:_:c.rtjr.at bottom) using the
radial companent of E Fzma, and radlal scoeleration

F=

______

&

b

ﬁ x-.;];ﬂ

R

[

S

“@?J .
¥eottem

C) Loan relate v, to v, using either 1] energy il) Dhmamica and brematizs
i) Meaay singe forcesfacoslerations changs through the circular path
i) | can apply work-energy theorm for otone. Fath has 2 parts:
first = circulsr, earth and rope Interact with atona,

ap?(F, since stons is in circular path

sacand - varbical, sarth interacts with stons
In both parts the oy fores that does work is weight, elnce in firet part
o
hand is nat moving = TLe"= Tdzes no vk,

N—

Execution:

B) Eelata T, 50 v, Substituting C) ints B

Y F=ma Ty -wm 2w hiE NN mim
¥ Fe=ma, . Fo=T,=w+Zw unita OLE,
g *
T, w=myE = 18 + 218 25,65
= | 292N

Felatew, tov,

Work = ARE Largs campared to weight, bul stons

Farw nagds to travel ug large dstance

F‘b' cT= KE; - KE,
A= Ky K

-w h =}\ggi'{-'m w2

Check limita: ThT an B L, for smallsr

cirche I'll naed Hager force, raasonable

12



L]
Providing Resources of Example

Problem Solutions

e All 6 instructors:
* Distinguish between:
e less detailed solution (IS1)
« more detailed solutions (IS2, IS3)
« Favored using solutions more detailed than IS1
*4 of the 6 instructors:
« Said that their solutions were similar to 1S1

13



Factors Affecting an Instructor’s
Choice of EPS

Less Detailed (IS1)

More Detailed (IS2, IS3)

How will it

e Students who were

not able to do the

 Makes it clear what is

affect student happening so students who had
1 ., problem might not trouble can understand (RU1,
cearning: be able to RU2, RU3, RU4, RU5, RU6)
understand the « Can confuse students by
solution (RU2) discussing complications that
some will not think of (RU3, RU4,
RU6)
Will students [: Makes the solution | . Can scare off students by
use it? seem easier so having too many steps (RU1,

students might read
it (RU1, RU6)

RU2, RU3, RU6)

to create?

How hard is it

Easy to write or find

in solution manual
(RU2, RU4, RU5, RU6)

* I’'m not good at spelling things
out in detail like that (RU4)

14



What Types of Details do

Instructors Prefer?

5 of the 6 instructors favored IS3 (over 1S2)

152
(Emphasis on Details)

IS3

(Emphasis on Reasoning)

*Clear Steps (RU2)

* Starts from known
quantity (RU1)

* Jumps right in with
calculations (RU1)

* Systematic approach
implies that there is a
standard way to do

problems (RU4)

* Plans before execution
(RU1, RU3, RU4)

e Evaluates answer (RU3,
RU6)

* Explains reasoning (RUS5,
RU6)

* Starts from target quantity
(RU1)

15



Instructor Solution 3 Has Features
of Expert Problem Solving

Features of Expert Problem
Solving inIS3:  |RU1|RU2|RU3| RU4 | RU5|RU6

1. Restates problem in
physics terms

2. Starts from target v

(goal) quantity

3. Plans first then
executes

v v | v | 9 9

4. Evaluates answer v v

All features of expertise noticed were described as desirable

16



L]
Preliminary Hypotheses

* Faculty do little to actively manage student use of
problem solutions - they simply make the solutions
available for students.

* Faculty consider three factors when deciding what
types of solutions to use:

 How will the solution affect student learning?

* Will students use the solution?

 How hard is it to create the solution?

17



L]
Preliminary Hypotheses

* Faculty are dissatisfied with the solutions that
they currently use.

* Implications: This is an opportunity for
curriculum developers to influence the current
practice by developing solutions that:

* Make reasoning clear (especially by showing
planning)

e But are not

 Too complicated - Confuse students

* Too long - Scare students

18



L]
Preliminary Hypotheses

* Faculty value features of expertise that they
recognize in problem solutions.

* Faculty do not appear to recognize all features of
expertise in problem solutions.

* Many noticed planning before execution

* None noticed restating the problem in physics
terms

« Some noticed:
starting from target quantity
-evaluating answer

* Implications: Faculty may be unable to model
features of expert problem solving in their
problem solutions.

19



L]
Next Steps

Iz/Use 6 RU interviews to generate hypotheses

Use remaining 24 interviews to test/refine
hypotheses

Use written questionnaire to expand to a
larger national sample

Develop a map of instructors’ values
to guide curriculum developers

20



The End

For more information,
visit our web site at:

http://www.physics.umn.edu/groups/physed/

21



From Student Solutions Manual to Accompany Fundamentals

of Physics, 5" ed. By Halliday, Resnick, and Walker. (Chapter 8)

40P

Refer to the free-body diagram below. As Tarzan (of mass m) swings from point A to point
B (the bottom of the swing), we have AK + AU = 0,

1.e.,

L. @5
—mvh ——mvay +magh =0,
l} H i} 1.1 J

which we solve for vg:

trr‘eﬂ = ni -+ Qgh = Zgh

=(2)(3.2m)g = (6.4m)g.

At point B, we may apply Newton’s sec-
ond law to Tarzan to obtain the equation
for the tension T in the vine:

2
'H'IL-H

T'—mg =

which gives

6.4m
- (ESSN}(I + 3o

mup m(6.4mg)

T =mg+ - = mgqg + 7

Since T' < 950 N, the vine will not break after all.




Providing Resources of EPS

*5 of the 6 instructors favored IS3 (over 1S2)
based on the following features:

* Plan first, then execute (RU1, RU3, RU4)

« Explains reasoning (RUS5, RUG6)

« Evaluates answer (RU3, RUG6)

« Starts from target quantity (RU1)

23
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