2. Teaching Problem Solving

This chapter includes some of the materias we use to teach an organized, logica problem-solving Strategy to
students in our cal culus-based physics course.

Pege
A Logical Problem-Solving Strategy 19

Thisis an excerpt from thefirg chapter of The Competent Problem Solver, a booklet
students read to help them learn how to solve physics problems. It contains an
explanation of the generd dtrategy expertsin dl fields use to solve red problems, a
description of how this strategy can be used to solve physics problems, and an example
solution to a standard kinematics problem using the Strategy.

Flow Charts of the Strategy 26

We use an overhead of thefirst flow chart to explain the problem solving strategy to
udents. We emphasize that thisis a generd srategy used in dl disciplines.

After the problem-solving strategy has been modeled severd timesin lecture (2 - 3
weeks), we use the following five flow-charts to help students learn the problem-solving
steps and the questions they should be asking at each step. A class set of these flow
charts can be made and used during the cooperative-group problem solving sessons.

Blank Format Sheet for Solving Problems 32

These format sheets are used in many different ways in our courses. Students can
photocopy the sheets for solving their homework problems (see dso The Competent
Problem Solver). For the first three or four test, sSudents solve dl recitation and test
problems on these sheets. Theregfter, an outline of the stepsisincluded with al recitation
and test problems, but students solve the problems on blank sheets of paper. All
distributed and posted problem solutions for recitation test problems are worked out on
these format shests.
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Grading Feedback

This chart of common student mistakes isintended to hel p ingtructors grade problems.
For our test, each problem, group or individud, isworth 25 points. The points assgned
to different portions of students problem solutions change over the two-quarters of the
algebra-based course, as shown in the table on the next page. During the first quarter,
students have the most difficulty with the first two steps, so these steps are dlocated more
points. (Thisencourages sudents to andyze the problem quditatively before they plug
numbersin aformula) As students become knowledgesable and comfortable with dl the
problem-solving steps, the alocation of points is more evenly distributed among the five
steps.

First Quarter Second Quarter
Focus the Problem 7 5
Describe the Physics 8 6
Plan a Solution 5 6
Execute the Plan 3 6
Evauate the Solution 2 2
Total 25 25
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A Logical Problem Solving Strategy

Introduction

At one leved, problem solving is just that,
solving problems.  Presented with a problem you
try to solveit. If you have seen the problem before
and you dready know its solution, you can solve
the problem by recdl. Much of the time, however,
you have never experienced this situaion before (if
you had, you would not call it a problem). Solving
red problems involves making a logicd chain of
decisions which lead from an unclear Stuation to a
solution. Solving physics problems is not very
different from solving any kind of problem. Inyour
professond life, you will encounter new and
complex problems (efter dl, if your employers
knew how to solve these problems, why would
they pay you?). The skillful problem solver is able
to invent good solutions for these new problem
gtuations. But how does the skillful problem solver
create a solution to a new problem? And how do
you learn to be amore skillful problem solver?

A Logical Problem-Solving Strategy

The problem-solving strategy presented here is
based on research done in a variety of disciplines
such as phydcs, medicd diagnoss, engineering,
project design and computer programming. There
are many smilarities in the way experts in these
disciples solve problems. The mogt important
result is that experts follow a general strategy for
solving dl complex problems. That is, experts
solve real problems in severd deps.  Getting
darted is the mogt difficult step. In the firs and
most important step, you must accurately visualize
the situation, identify the actual problem, and
identify information relevant to the problem. At
fird you must ded primarily with the quditetive
aspects of the dtuation. You mug interpret the
problem in light of your own knowledge and

experience. This enables you to decide what
information is important, what information can be
ignored, and what additiond information may be
needed, even though it was not explicitly provided.
In this step drawing a useful picture of the problem
dtuation is crucid to getting started correctly. A
picture is worth a thousand words (if it is the right
picture).

In the second step, you must represent the
problem in tems of forma concepts and
principles, whether these ae concepts of
enginegring design, concepts of medicing, or
concepts of physcs. These forma concepts and
principles use the accumulated knowledge of your
fiddd and thus endble you to smplify a complex
problem to its essentid parts.  Frequently, your
fidd has developed a formdized way to diagram
the stuation which helps show how the concepts
are usudly agpplied to a problem. Third, you must
use your representation of the problem to plan a
solution. Planning resultsin an outline of the logical
steps required to obtain a solution.  In many cases
the logical steps are conveniently expressed as
mathematics. ~ Fourth, you must determine a
solution by actudly executing the logica deps
outlined in your plan. Findly, you must evaluate
how well the solution resolves the origind problem.

The generd drategy can be summarized in
terms of five Seps.:

(1) Comprehend the problem.

(2) Represent the problem in forma terms.
(3) Panasolution.

(4) Executetheplan.

(5) Interpret and evauate the solution.

The dtrategy begins with the qudlitative aspects of a
problem and progresses toward the quantitative
aspects of a problem. Each step uses information
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gathered in the previous step to trandae the
problem into more quantitative terms and to clarify
the decisons which you must make. These steps
should make sense to you. You have probably
used a amilar grategy, without thinking about it,
when you have solved problems before,

The Importance of Writing

Solving a problem requires that you congtantly
make decisons. This is very difficult to do if you
mugt dso remember many pieces of information
and the relaionships between those pieces of
information. Soon you overload your brain which
has only a smdl number of short term memory
locations. You could forget important parts of the
problem or the steps in a mathematical procedure.
The chain of decisons you construct may even
have logicd flaws. Drawing pictures and diagrams
and writing your procedures usng words, symbals,
and mathematics makes the paper a part of your
extended memory. Your brain is then free to ded
with the decison-making process. The sngle
biggest mistake of novice problem solvers is not
writing down enough in a form which is organized
to be a useful ad to their memory. If you have had
the experience of undersanding how to solve a
problem when someone shows you how but
“getting lost” when you try to do a smilar problem
yoursdf, the effective use of writing could be your
primary trouble.

A Physics-Specific Strategy

Each professon has its own specidized
knowledge and paterns of thought. The
knowledge and thought processes that you use in
eech of the steps will depend on the discipline in
which you operate. Taking into account the
specific nature of physics, we choose to label and
interpret the five steps of the general problem
solving drategy asfollows:

1. Focusthe Problem: In this step you develop a
quditative description of the problem. Firdt,
visudize the events described in the problem
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using a sketch. Write down a smple statement
of what you want to find out. Write down the
physics idees which might be useful in the
problem and describe the approach you will
ue  When you finish this sep, you should
never have to refer to the problem statement

again.

. Describe the Physics: In this dep you use

your quditative understanding of the problem to
prepare for a quantitative solution. Firg,
amplify the problem Stuation by describing it
with a diagram in terms of smple physicd
objects and essentid physcad quantities.
Redtate what you want to find by naming
soecific mahematicd quantities.  Using the
physics ideas assembled in step 1, write down
equations which specify how these physcd
quantities are related according to the principles
of physics or mathematics. The reaults of this
sep contains Al of the rdevant information so
you should not need to refer to step 1 again.

. Plan the Solution: In this step you trandae the

physics description into a set of equations
which represent the problem mathematicaly by
using the equations assembled in step 2. Each
equation should have a specific god to find a
sngle unknown quantity in the problem. An
equation thus used may involve a new unknown
quantity which must be determined using
another equation. In other words, solving the
origind problem usudly involves creating and
solving sub-problems. As you do the
mathematical operdtions to isolae your
unknown quantities, you create an outline of
how to arive & a solution. You will find that
most of your effort will go into deciding how to
condruct this logica chain of equations with
less effort gpent on mathematica operations.

. Execute the Plan: In this gep you actudly

execute the solution you have planned. Plug in
al of the known quantities into the agebraic



solution, which is the result of dep 3, to
determine a numerica vaue for the desred
unknown quantity(ies).

5. Evaluate the Answer: Findly, check your
work to see that it is properly dated, not
unreasonable, and  actudly answers  the
question asked.

Condder each sep as a trandation of the
previous step into adightly different language. You
begin with the full complexity of red objects
interacting in the redl world and through a series of
decisons arive a a gmple and precise
mathematica expression.

The solution to the following problem illudtrates
esch gep. On the right Sde of the page is the
actud solution, a you might

Teaching Problem Solving

congruct it. On the left Sde of the page are brief
descriptions of each step of the solution. We have
used afamiliar Situation so that you can concentrate
on understanding how the strategy is gpplied.

Problem Solving Strategy

| Problem Statement |

Focus the Problem

v

rD&ecribethe Physics ‘

v

Plan the Solution

v

Execute the Plan

v

, Evduate the Answer
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Example: Just as you turn onto the main avenue from a sde dreet with a stop sgn, a city bus going 30
mph passes you in the adjacent lane. 'Y ou want to get ahead of the bus before the next stoplight
which is two blocks away. Each block is 200 ft long and the Sde streets are 25 ft wide, while
the main avenue is 60 ft wide. If you increase your speed at arate of 5 mph each second, will

you meke it?

(1) Focus the Problem: In this gep of the problem solving strategy congtruct your initid quditative
understanding of the problem gSituation. Write down what you know, what you want to know, the physics
you will use, and the assumptions you will make. This understanding can be usefully expressed asfollows:

Picture & Given Information:
What's hgppening? Visudize the problem
Stuation and make a sketch of the important
objects and events.

Decide which given information may be useful and
write it down on the sketch.

Question(s):
What ig(are) the question(s)? Expressit as some
quantity to be found.

Approach:
What approach shdl | take? Ouitline the concepts

which can rdlae the given information to the
question.

bus — — —
—1 —1 \{)us —
@ P =
O
Vea = —>acy gop light
< > <4 >

Find the distance the car travels to catch up
to the bus. See ifitis less than 425 feet.

Use the definition of average velocity for the
bus since it travels at constant velocity.

Use the relationship between acceleration
and position for the car since it travels at
constant acceleration.

Initial time is when the bus and the car are
first together. Final time is when the bus
and the car are next together.
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(2) Describe the Physics: In this step use your physics idess to trandate your initid understanding of the
problem into a diagram of the actud problem. This diagram contains only idedized physcd objects and
representations of important physica quantities. Identify which of these physica quantities you need to find
to answer the question. Write down the relationships between the quantities which will hdp you determine
the unknowns. This information can be summarized with the following items:

Diagram & Define Quantities:

For kinematics problems, use amotion diagram.

This diagram requires:

* Coordinate axes.

* Smplified representations (usudly points) of
objects.

* |ndication of position, velocity and acceleration
of objects a important times.

Identify known and unknown quantities.

Target Quantity(ies):

Decide which of your unknowns you will need to
find in order answer the problem question.

Quantitative Relationships:

Decide which physics principles or other
meathematica relationships are gpplicable for the
Stuation diagrammed above.

| v I Vb
buse —=> e —>> v

| | 'cf
car VCOZO e

* —)ac ’ —> ac

| | +X
Xo» to Xf'tf

Xo =0 X§ =%

t,=0 ty =7
Voo =0 Vg =7

Vp, =30 mpk 8,=5 mpl/ sec

)

X =

V= —— =— v, constant

Xt :%ac(f ) to)2 +Vco(f } to)"'xo

Xt :_;ac(f)z

a. constant
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(3) Plan_the Solution: In this step trandate your physics description of the problem into the particular
equations, which will help you solve the problem. Always begin with an equation from your quantitetive

relationships containing the target quantity.

If that equation contains additional unknowns, write down

another equation from your quantitative relationships containing one of those unknowns.  Continue until you
have introduced a new equation for every unknown in your plan.

Congtruct Specific Equations:

Use your quantitative relaionships to write
specific equations relaing unknown quantities to

ones which are known.

Check Units:

Make sure the units on both sides of your

equation are the same.

Find Xy

Xt :_;ac(f)z

=4k
) Cf\)

a{E]

unknowns

o
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(4) Execute the Plan: In this gep cary out the mathematics specified in your solution plan in order to
determine anumerica vaue for your target quantity(ies).

Calculate Target Quantity(ies):

Put numerica vaues of known quantitiesinto the a%
equation for the target quantity. Convert unitsiif B 0
necessary and calculate a vaue for the target X§ = aesm B
quantity. o
¢ s ~
e o
= 360 gs

dno & H 0 1
=360
€hr Ir 2°83600s €3600s9 10

Since 0.1 miles is 528 feet, which is more
than 425 feet, you do not make it.

(5) Evaluate the Answer: As aresult of executing your plan, you have a numerica answer to the physics
problem. In thisfina step, check that your answer is properly stated, not unreasonable, and complete.

IsAnswer Properly Stated?:

Check that your answer has the appropriate units Yes, miles are a correct unit for distance.
and sgn.

Is Answer Unreasonable?:
Check that the magnitude of your answer is not The answer is only about 100 ft longer than
unexpectedly large or small. the 2 block distance which is not
unreasonable.

IsAnswer Complete?:
Check that you have answered the origina The care does not make it answers the
question. guestion
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"What's going on?"
FOCUS on the PROBLEM

"What hasthisto
do with physics?"
DESCRIBE the PHYSICS

"Can wefind a solution?"

PLAN the SOLUTION

"What's the answer ?"
EXECUTE the PLAN

"Can thisbetrue?"
EVALUATE the SOLUTION
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Focusthe
Problem Statement

< Problem

construct a mental image

of the sequence of events

described in the problem
statement

¢

sketch a picture which
representsthis mental
image; include given
infor mation

!

» What's going on?
» What objects are involved?
» What are they doing?

* Areadl the important objects shown?

* Arethe spatid relations between the
objects shown?

* Arethe important times represented?

* Aretheimportant motions represented?

* Arethe important interactions

— N

represented?
determine the question
‘ * Does the question ask about a specific
measurable characteristic(s) about a
. ' ' ?
select a qualitative approach ﬁg?ﬁ?oébjw(s)' If not, reformulate
which should lead to a
solution to the problem
/ « What isthe system of interest?
» Which physics principles could be used
. : to solve the problem?
DeSC“ be the PhyS CS » What information is redly needed?

* Arethere only certain timeintervas
during which one gpproach is useful?
* Should we make any approximetions?
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Describethe
Physics

Focusthe Problem

\ » What coordinate axes are useful? Which
direction should we cdll postive?

* Rdative to the coordinate axes, where is (are)
the object(s) for each important time?

 Rdativeto the coordinate axes, what is (are)
the velocity and acceleration for each object
a each important time?

* Are other diagrams necessary to represent the

construct diagram(s) to
show important space and
timerelationships of each
obj ect

¢

interactions of each object or the time
make sure all symbols J evolution of its state?

representing quantities
» What quantities are needed to define the

problem mathematicaly using the approach
chosen?

» Which symbols represent known quantities?
Which symbols represent unknown
quantities?

* Aredl quantities having different vaues
labeled with unique symbols?

* Does the diagram(s) have dl of the essentid
information from the sketch?

shown on diagram(s)
are defined

Y

declare atarget
quantity

‘ » Which of the unknowns defined on the
diagram(s) answers the question?
state quantltatlve
relationships from
general principles and

specmc constraints

» What equations represent the genera
principles(s) specified in our approach and
relate the physics quantities defined in the
diagram?

* During what time intervas are those

Pl an the relationships ether true or useful?

SOI ution « Are there any equations that represent special

conditions that are true for some quantitiesin

this problem?
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Describe the Physics

AN

choose one of the
guantitative relationships
which involvesthe tar get
guantity

No arethere additional

unknowns

choose a new equation from
your gquantitative

relationships which involves
the new unknown

solve the equation for

L the desired unknown
and substituteinto the

previous equation

J,

solve for thetarget
guantity and check the
units of the result

¥

Execute the Plan

Teaching Problem Solving

Plan the
Solution

» Which quantitative relationship includes the
target quantity?

* For what object does that equation gpply?

* For what timeinterva does that equation

aoply?

* Are there any unknowns in the equation other
than the target quantity?

* Arethere any unknowns that cancd out inthe
algebra?

» Which quantitative relationship includes the
unknown quantity?

* For what object does that equation gpply?

* For what time interval doesthat equation
aoply?

» Isthis equation different from those areedy
used in this problem?

» What unknown isthe target of this specific
equation?

» Which previous equations have that
unknown?

* Arethere any quantities that cancel out in the
algebra?

« After dl the subgtitution for unknowns, isthe
only unknown |eft the target quantity?

« Are the units the same on both sdes of the
equation?
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Plan the Solution

S

4 )
put in the numerical value
and units for each quantity in
your equation for the target
guantity
g ; ,
4 )
Yes check that each additive

term of the solution hasthe
same type of units
\_

J

+No

change additive terms to
same units by multiplying
the term to be changed by
1 expressed as aratio of

\_ units

Y

calculate the numerical value
of the target quantity by
combining the numbers with
arithmetic and the units with
algebra

'

convert units as necessary to
simplify the expression for the
target quantity in terms of an
understandable set of units
and answer the question

s

Evaluate the Solution
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Execute
the Plan

» Which vaues (numbers with units) from the
physics description should be put into the
equation for the target quantity?

* Do you need to convert units?

» What ratio of unitsequals 1?

» Useacdculator for the numbers and agebra
for the units.
* Do any units cancd?

* Do we need to convert any units?
» What is the most reasonable set of congstent
unitsfor this problem?



Execute the Plan

\

check that answer
IS properly stated

OK check that answer
isnot
unreasonable

unreasonable

review problem solution

determineif
answer is
complete

J
J
J
J

<

A Good Solution

Teaching Problem Solving

Evaluatethe
Answer

* Do the units make sense?
» Do vector quantities have both magnitude and

direction?

* If someone ese read just your answer, would

they know what it meant?

 Doesthe answer fit with your menta picture

of the gtuation?

* Isthe answer the magnitude you would

expect in this Stuaion?

Do you have any knowledge of asmilar

gtuation that you can compare with to seeif
the answer is reasonable?

* Can you change the Stuation (and thus your

equation for the target quantity) to describe a
ampler problem to which you know the
answer?

* Isyour physics description complete?
* Arethe definitions of your physcs quantities

unique?

* Do the sgns of your physics quantities agree

with your coordinate system?

» Canyou judify dl of the mathematica sepsin

your solution plan?

* Did you use unitsin a congstent manner in

your execution?

* |sthere a cdculation misake in the execution?

» Have you answered the question from the

Focus the Problem step?

» Could someone d<e read and follow the

solution plan?

* Areyou sure you can justify each

mathematica step in the plan?
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FOCUS the PROBLEM
Picture and Given Information

Question(s)

Approach

Format Sheet for Problem Solving

DESCRIBE the PHYSICS
Diagram(s) and Define Quantities

Target Quantity(ies)

Quantitative Relationships
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PLAN the SOLUTION EXECUTE the PLAN
Construct Specific Equations Calculate Target Quantity(ies)
EVALUATE the ANSWER

Is Answer Properly Stated?

Is Answer Unreasonable?

Is Answer Compl ete?

(extraspaceif needed)

Check Units
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Grading Feedback for Students Problem Solutions

Focus on the Problemand Describe the Physics

Pictureor Diagram ismideading or inaccurate
* missng important objects or interactions
* includes spurious objects or interactions
* other incorrect diagrammetic trandations of problem information

Relevant variables not assigned and clearly labeled
* many important variables not defined
* defined variables not clearly distinguished from each other

Approach invalid, too vague, or missing
» gpplication of principlesingppropriate
* misunderstanding of fundamenta principle
» gamplifying approximations not stated or ingppropriate

Necessary fundamental principles missing
Incorrect or invalid statement of known values or assumptions

Incorrect assertion of general relationships between variables
 gpplication of principlesto inappropriate parts of the problem
* incorrectly assumed relationship between unknown variables, such as T1=T2.
* overlooked important relationship between unknown varigbles, such as aj=ap.

* misunderstanding of fundamenta principle
Incorrect statement of target variable or no target stated
* target variable doesn't correspond to question in Approach
» doesnot explicitly Sate target variable
¢ wrong target

Major misconception

Plan the Solution

Poor use of the physics description to generate a plan
 physics description was not used to generate aplan
* inappropriate equation(s) was introduced
» undefined variables used in equations

Improper congruction of specific equations

* ingppropriate subgtitution of variablesinto genera equetions
* numerica vaues were subdgtituted too soon
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Solution order ismissing or unclear
 thereisno clear logica progresson through the problem
 solution order can't be understood from what is written

Plan can not be executed

* there are not enough equations
 areaionship was counted more than once

Execute the Plan and Evaluate the Solution

Execution isillogical
* Incorrect physics was introduced to solve the problem
*  unacceptable mathematica assumption was used

Mistakein execution
» dgebramistake
e usad incorrect vaues for known variables

Did not check unitsand/or sign of answer

Teaching Problem Solving
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Notes:
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