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Physics students benefit from
a structured problem solving
strategy.

In order to be successful, it should be
explicitly taught, practiced on the board
and in small groups, and required on
homework and tests.

1. Increases Accuracy

2. Promotes Organization

3. Improves Communication



Problem Solving Strategies

| definitely didn’t invent the idea of teaching
structured problem solving. One of the pioneersin
the field was G. Polya who pub'ished How to Solve
It in 1948 which had a 4 step approach. There
have been many others whose research and

experience have added to the field of structured
problem solving.

| developed my strategy in the process of
researching and writing my Phd Dissertation at
Virginia Tech. | found that after using a problem
solving strategy, such as the WISE Strategy, that |
never wanted to teach without it.

For more information, check out a journal article based upon my
dissertation, which is entitled “A WISE Strategy for Introductory Physics”.
Itis in the April 1986 issue of The Physics Teacher (Vol 24, #4). If you
have electronic access to the Physics Teacher, you will find it at
aapt.scitation.org.



A WISE Strategy for Problem Solving

; ‘ hat’s Happening

Physical Principle
Sketch and Diagram
Knowns and Unknowns

Isolat-:—:: the Unknown|

Select an Equation
Solve Symbolically

Sub stitute

Plug in both the numbers and the units. Check
units.

Evaluate

Sign (+/-)
Magnitude
Units



Symbolic Solution




Problem: Chapter #

Sketch Enowns and Unknowns

Diagram

Symbolic Solution

Substitution Units Check

Evalnation: Sign ~ Magnitude  Units



A ball thrown off a 10 meter high cliff with a velocity of 20 m/s and at an upward
angle of 30 degrees. How long before it hits the ground? What is the velocity just
before impact?

What's Happening: Projectile Prob'em

10 m \

6=30 degrees

Vox=20m/s cos 30=17.3 m/s
Vay=20m/s sin 30=10 m/s
a,=-9.8 m/s?

X=?

Y=-10 m

V,=?

V=V




Isolate the Unknown

a) sz-"‘.i'w2= 2 Eh,r'l'
V,2=Vo,242a,Y

Vy=th/ Vo2 +2a,Y = negative #HH#H##HH
U_:{=Uﬂ;4
Vy=Voy +ayt Vy
0
t=(vy-voy)/ay v Yy
V= \/ Vi 4V, Angle=invtan (V,/Vy) 4™ Quad

b) Y= % ayt? +Voyt
0=Vs ayt* +Voyt =Y  a= Y%a, b=Vy c=-Y

Quadratic Equation t=- yﬂh’-\/ Voy?- 4(% ay)(-Y)
2(2 ay)

t= -£ﬁ+f - \/ U{ﬂl +2 ayY
ey

Find Vx, Vy and V as in part a)

Note: If we plug in v, into t=(v,-vg,)/a, we get
t= -Voy +‘~,_/ Vo’ +2 a,Y
Ay




Substitution
UY:'l'f— \/ VDYE +ZEI¥"|"'

=+/-_ (10 m/s)? + 2(-9.8 m/s2)(-10m)

=+/- “100mYst+196 mi/ss  Vm?/s? =m/s

= - 17.2 m/s (the negative comesfrom the diagram)

V= \/(-1?.2m/sﬁ+ (17.3 m/s)*=24.4 m/s

0= invtan(17.2/17.3) = 44.8 degrees below +x axis
Angle quadrant comes from the diagram.

t=(v,-vo,)/a, =(-17.2 m/s -10 m/s)/(-9.8 m/s?)=2.78 s

(m/s)/(m/s?)=s

Evaluate
Units_x__ Didn’t use blind faith. They worked

Sign__x___ Matches the diagram
Magnitude x__ Reasonable



A ball is tossed from the top of a 10 m high cliff with a speed of
20 m/s at an angle of 30 degrees and lands on the valley floor.
What is the speed just before impact and the time in flight.

Sketch

Diagram A X

% |,

o

S}’mhﬂlic Solution

Enowns and Unknowns

'v".j 'l-’Lq + ?rd‘iﬁj
Vj =4 ”Vaq +'.C2_ﬂ:f}f/
Vk-:vbit

t= (v~ vy)/ ay

Substitution

UL —
Viy= ruﬁowrf 42 (- Qs ny;é)('iDm)

= 4 J-'F%‘“}E‘ + 19emy, =~1T2 my

= (=17.2m = mmf)/qu{:: 2.78s

'“'}GE()”\") +([1 3;":-;) = 244ml,
6= vwitm ]Iﬁ%""” | = 445" hedaw tiau

Units Check

1@::""

o
AN

Evaluation: SignX

Magnitude: X Unpits *



1.Improves Accuracy

It slows them down and gives them tools to
assess their work.

| did a study where | categorized 1300 mistakes that
my students made as conceptual mistakes, algebra
and trig mistakes, or careless mistakes. | found that
46% of the mistakes were simply carelessness
(miscopying, wrong units, sign errors and arithmetic
errors, overlooking information, answering the wrong
question, leaving out variables, drawing sloppy
diagrams, etc.) Writing down every step avoids
mistakes of just doing things “in your head”.

Proper diagrams can help with “signs”. Units checks
can detect algebra mistakes and avoid the “blind
faith” technique of just writing down the units at the
end that “know” are supposed to be correct. Listing
knowns and unknowns in one place is helpful in
finding and clarifying variables. If symbolic solutions
are not done and numbers are plugged in too early,
it's very easy to make a mistake that can’t be easily
found. Also the “physics” of the problem is lost in a
flurry of numbers.



2.Promotes Organization.

Students have a structure that helps them keep on
task, It gives them a starting point and a series of
questions to ask (i.e. what do | know and what don't |
know, what is the principle involved in this problem,
what kind of diagram will help me, is it a vector or a
scalar equation, etc.)

As Donald Woods indicated, that “problem solvers
can overcome the initial panic of ‘how can | ever
solve that’, and it provides a consistent structure than
can be used for all problems.” (Problem Solving
News #14, pg 12-13)

The Formula Fact sheet helps them know when and
how to use the equations. It's much more than just
memorizing a formula.



3.Improves communication

It is easier for faculty to help students or students to
work together, because everyone is using a very
similar approach. Errors are easier to spot
(symbolic solutions, properly drawn diagrams, unit
checks, knowns and unknowns are |isted in the
same spot, etc.), because everyone tackles the
problem with defined steps and in a particular
order.



A 75 m long train begins uniform acceleration from rest. The front of the
train has a speed of 18 m/s when it passes a railway worker who is
standing 180 m from where the fron to fo the train started. What will be

the speed of the last car as it passes the worker? 0) @
S (Worker) Kaowns and Unknowns
4 {§0m NRATS BN W =Om/ | V= l?mé
TRAIN 8 AN ML IRAIN
vi= ) §m, : V,= 7
L L ES | . 9 X =180m % =76m
W=0 .—)V' l o > . > U= ? | A== ?
-, |
! ¥, - I ¥ I
, @ | l@ Schve @ for &
VflOC("u a:‘t tbb M JG) "VQ&;{‘Q d b@q”){tﬂio@ ‘HW\ Sdl/e@ APC( Vz
Symbolic Solétion 0) |
2 2
V'Q‘/ \/013 QG, Y‘ : Vi = = 2az><z
2 2
q‘ .- V; VU I| Vl = l/‘ + 2@2 XZ
2y b V2 :fﬁ 4 20, X3
I
Substitution | Units Check
G= (l‘z'r,%)’ ,(Om/{)i’- | V,~ ¥ VQ&\Q‘Z 1—2(()9;31 Y 75m) m )1 m} 2
. " 3
ZCLKM‘) l vz.: _‘_ 2’.4"\/ gt = — | n\/s
Q0 m/2 | o m m
6‘1 = 0 Mé ¥ cona 'ﬁ‘nﬂ Oltﬂgmm

=
<
4
—
o ‘1;'”
1)

13

Evaluation: Signy”” Magnitudey” Units



A2 kg block on a horizontal surface with a coefficient of friction of 0.1, is connected a string and a
pulleyto al kg block that is falling straight down. What is the acceleration of the blocks.

+X

Sketch - o o Knowns and Unknowns

| m. Direction of motionis
q the +x direction. ml=Zkg p=01
x m2=1kg T=7?
m Tis the tensionin the Fy=? F.=7
: string a=7
2and Tare the same for both blocks
Diagram ¥ We will need four eguations in
F. four unknowns
Definition of Fy,
T +X T .
+ » Three F=ma eguations.
Mg m.g
+X
L 3

Symbolic Solution
A= KRy
BBlockl ZF.=m.a T-Fy=maa
CBlockl ZF=0 Fy-mg=0 Fy=myg
D Block2 ZF.=mga m:g-T=m;a

Solve Cfor Fy, then plug thatinto Ato find Fe. Thensolve B and D simultanecusly for “a”. Plug “a" into either B or Dto find T.

Fs= HFsa= pm.g (B}
(o)

Factor a from the right side of the eguation

T-pm:g= msa
mzg-T =m:a

Add both equations together

Solving eguation Dfor” T* weget T=m.g-m.a

m_gg_ um;g=m13+m;ﬂ

m.g- Wm:g={m+m.)g anddivide by m.+m; toget a={ m.g- pmg)f{m.+m,)

Substitute numbers into the first eguation to find “a", then plug thatinto the second equation tofind T

Substitution

a=(1lkg*9.8m/s2-(0.1)[2kg)(9.8m/s?)/({1kg+2kg)= 2.61 m/s?

T=1kg*9.8m/s2-1kg(2.61 m/s?)=7.19 N

Units Check

a=[m/s*—kem/s)= m/s*
ke

T=kg m/s*- kg m/s*=kg m/s'=N

Evaluation: Sign X

Magnitude_X Units_X

Tensionis less thanm;

ais in positive x direction



A 20 kg skier slides down a frictionless slope that is 30 m long at angle of
30 degrees, and then slows to a stop along the level ground where the
kinetic frictional force is 20N. How far does the skier go on the level
ground?

V=0
Sketch o s —
Ps beﬁn“'g ‘m:QO(? v =,=0
: VQ VQ_ :‘30”‘
I od - &= 30°
Digram  y= O— — ?ﬂd d;‘?
Fc V= ‘ﬁc_-" ZON
h =Cm
ho= L s30°= 3om(iS)=ISin
Symbolic Solution

Wie = AKE +APE

T dees (80 2;}{&_% +%f¥— Mﬁl’lc

C oSS OJ all 2Cjo -‘cmu

d:-*rngk.

ti Cos 80
e Units Check
= == DS ms X 1S P )
(20NX-1) TR

Evaluation Sigx_[ Magmmde_\/ Units_i

majmlvcb fq,(_gw,HO will simall '{’/Lc*l@'l’{%fCG



Formula Fact Sheet

When,/What:

Scalar__
Vector Diagram/Sketch

Component__

Magnitude Only___

Direction

Requires A and Ag
Symbol Name Units {Basic&derived) Motes

Notes: Hints/Constraints Companion Equations



d=1/2 at?+vgt  v=vp+at Formula Fact Sheet
CAYR 1AYSYHGAO O NRIoOE SaA

Vivgigzad  d=1/2(v+volt | \when/what:

Scalar____

Vector_ x _ Diagram/Sketch

Component X

a=-9.Bm/s2
Magnitude Only Car accelerates away from '
a stoplight, then brakes to
Direction 8 sTop.
|
V=0 Wi : A"E] Wa=0
e & «— | .
RequiresAand Ag__ X — | —
i dz
Symbaol MName Units [Basic&derived) MNotes
d distance meters This will either be x ory
v velocity meters/sec This will eitherbe vy or vy
Vo initial velocity  meters/sec This will either be vox or vy
a acceleration meters/sec? This will eitherbe ax or ay (In free fall a,=9.8 a.=0) |
Notes: Hints/Constraints Companion Equations
In..one dimensional motion, you will just need one set Intwodimensional free fall problem,, youwill have the

of equations. ¥ for horizontal motion, ory for vertical following set of equations. 3,=-9.8 m/s* and ax=0

motion. Onan inclined plane,, you can define x to be 5
y=1/2 a,t*+vg,t  x=0 +vg,t

vy-vp, =28y VX=Voy

the direction of motion.

Whenyou listyour knowns and unknowns, you will

usually find that you have three knowns and one VyTVot Eﬂ»

unkmown. Every kinematic equation has four variables. Y= 1;“'2 {1'1"\("'1'-"-3\(}:!:\'

Pick the equation, that has only one unknown and solve Typically you will have an equation in eitherthe x or
thatone. Example: If youknow v, vaandgd andneedto the y column that will have only one unknown, so
knowa, youwould use v-vg?=2ad you will start there.

You will often getthe signs for the knownsand unknows If the acceleration of the problem changes, you will
fromyour diagram, so draw the diagram carefully. need to splitthe probleminto pieces, each witha

Direction of the acceleration is the same as the direction constantacceleration. The final velocity of part 1

of the net force that caused it. becomes the initial velocity of part 2.

You must identify the beginning and the end!!!



F=ma

Formula Fact Sheet

When/What:
Force is directly proportional to acceleration
Scalar To find Force needed to produce an acceleration
or vice versa
Vector  x Diagram/Sketch:
Component X T
Magnitude Only m c 4 T
N
Direction s @
W
Requires A and Ag:If using “a” to find velocities 4

Symbal Mame Units [Basic&derived)

Notes

F Force N (kg/ms?) use resultant force

m Mass kg

a acceleration m/s? in the direction of the force that caused it
Fry normal force M component of contact force perpendicular to surface

Notes: Hints/Constraints

L Fy=mayx L Fy=may
Used tofind Normal Force: If a,=0 then X F,=0

Companion Equations

If acceleration is constant and x0=y0=0:
x=1/2 at? + vt
v=vp+at

Vi-Vp?=2ax
x=1/2{vo+v)t

Fr=usFn  where p=coefficient of friction

Block sliding dnwrl‘ncll ed plane with friction. Direction of motion is the +x axis.



Formula Fact Sheet
F busyan =PM\WMS

When/What: Buoyant Force in a Static Fluid

P=h l—}ﬂmﬂgm Pressure due to a static fluid

Scalar T
Vector X Diagram/Sketch
i @
Component X h
Magnitude Only | 4
Direction  Fn is always up T Eg
Pressure is always at right angles to a surface
W
Requires A and Ap
Symbol Mame Units (Basic&derived) Motes ¥
Fi Buoyant Force M {kem/s2) Direction is always opposite to gravity
P Pressure Pa(N/m2) Patm  =1.013x 105 Pa
Priuid Density of Fluid ke/m? density of freshwateris 1000 kg/m? [1g/cm?)
h height m h isthe heightof the fluid above the pont in question
Notes: Hints/Constraints Companion Equations
Fypis always equal to the weight of the displaced fluid p:mN
If an object “sinks”_then the Vspceqfuis is P=Force/Area
Equal to the volume of the object Vsghere=4/3 r3
If an object floats, then Fr=weight of the object Veip=length x width x height
and the Vgisplaceq fuic Will be less than the Vopei. P=hppuzg (No area dependence!)

Itis often convenient to use grams and cm?, because fresh water has a density of 1 g/em?.
Then we can talk about Fp in grams, even though grams is really not @ force. If a submerged
block hanging from a string has a volume of 30 cm? and a “weight” of 50 grams, then the
buoyant force will be 30 grams and the fension in the string will be 20 “grams”. It avoids
having to multiply everything by 980 cm/s? and get lost in the math.



When/what:

F=Xg1% /2 E= Find iy electrockte Terce
/' _ % e Eleetne Fiedd
seanar (k. cippXreasthsfiddod < peoct s
vector V' ’ piagram mqbﬁeftlurwm cheyra)
| +2¢ +3C Fap Uni)pwt]
Component ' e A 4
NS (1 %
Magnitude only z | > Fkl‘
Direction dmcﬂn [ %C L s 9
& ! \iﬂi -NC Eto EAD
Requires A and A, f Eap
. : Basics
Symbol Name Units (Derived) Notes X
F : Force N QE{"/ £ ) atlroeimer (e!wh'w
g chome -C ﬁ&:a.n«w'tdmm} Hypeall, pCer oL
- clitonee belweea chegy M e ¥ ~
oS Electec Frold - ”/g ' Foree prrent chone
Notco: Hintc/ConsBtraints TompAanion Rquations
%t assume &+ por chavee. Fird magnitudy f: @ Ex 15 uied b g &4y
and directem o %\'*h(’"‘"‘ HWQ‘NOC’CMN Ferte one chogt placedtad
ol 12l .
e~ I o= \owiny Lhne law s thed fWL
i-‘cm.;mbo&;rcr’rd:mﬁb' th s, K::Q.O"loqwz";
by amxw lok A b AR indeselien k=L
ss; fely Inth exanl ebue “qC, Z
AR vé)\mJoPoWJ Be Gdd veckrs: 8
Fac w ndopnedy § B 5he = hees® 'fﬂﬁaﬁso
Then addthe vectks & fio TR = fisnd sne
U res ulind feee onO8 gy i F= ‘ﬁt*fqa &—‘1_?
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Student Comments

| feel more confident than 10 weeks ago. | have
learned to go slow and think.

| feel better able to organize myself and define the
problem, which in turn makes it easier to choose the

proper equation

It make problem solving standardized which make the
info of the problem easier to communicate to others.

Solving symbolically makes it easier. | used to think
that it was easier to put numbersin at first. I've
changed my mind. If the strategy was optional in the
beginning | would have done it my own way.

You would have chaos if you let them do what they
wanted. You have to make themdo it. | don’t see how
they would learn it otherwise.



It reduced my errors greatly. The strategy made me be
very careful in my work.

One student had taken physics at another college. She
said she had spent many hours on homework in her
previous work in physics, but without benefit, and
without understanding what was happening. She said
that she was doing much better this time, and the
main reason for that was the WISE Strategy. She said:

Before it was like big numbers chomping up...

My first time through, | got the impression that,
these are the equations and these are the
numbers. Do it. Don’t try to understand... | don’t
panicon problems like | used to... The WISE
strategy gets me organized in the beginning. |1 do
not think | could have done as well without it.



Final Notes:
1.1f you don’t require the use of a strategy and it's
components (diagrams, lists of knowns and
unknowns, symbolic solutions, etc) and grade
students accordingly, they won't do it . (Why do you
care how | work a problem as long as | get the
answer?)

2. You will need to practice the components. For
example, explicitly teach and practice drawing
diagrams. Some of my test questions would just be

drawing a proper diagram for the problem. | might
also have them just eliminate the Substitution part of
the problem, and just focus on the What's happening
and Isolate the unknown steps.

3.If their diagram is correct and they have listed the
knowns and unknowns, that is more than half of the
battle.

4.Develop a Formula Fact Sheet as a group. This
helps to identify how and when to use the equations.
The Formula Fact Sheet is an essential part of the
problem solving strategy that | developed.

5. | didn’t worry about significant digits for the
homework and tests. | would ask them to express
answers to 3 significantdigits. Of course, we
definitely paid attention to significant digits in the lab.



Conclusions

1. My dissertation research indicated
that out of 136 students, 100 said
that WISE Strategy was very helpful,
34 said that it was somewhat helpful
and 2 said that it was not helpful.
126 said at the conclusion of the
course, that they would use it even it
was not required.

2. My class retention rate (took the first
test of the quarter and completed the
quarter with a grade of “D" or better)
went from 70% (previous 10 quarters
before implementation of the WISE
Strategy) to 86% in the three quarters
of the program.



3. Keep it simple. My initial attempts at
a structured program with too many
steps were not very successful, and |
had some very frustrated students.

4. If you expect to have success with
the WISE Strategy, it must be
required. Many students commented
that if it were not required they would
not have used it. They may do it
without the template, but all
components of the plan must be
included!



