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Overall Goals

Investigate:

» Common difficulties students encounter
when solving physics problems in
different representations.

» Hints that may to help students
overcome these difficulties.

i Spring 2009 Study Revisited

> 4 Interview sessions with 20 engineering
students taking Engineering Physics 1.

> Problems in mechanics.

> Numerical, graphical, and functional
representations.

> Key Math concept: Integral equals area
under graph.

> Effect of sequence of problems on
students’ performance
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i Spring 2009 Study: Major Findings 1

> Students had difficulty in reading off and
processing information from graphs to find
the desired quantities.

> Students did not spontaneously recognize
that integral was equal to the area under
graph.

> Hints on mathematical or physical meaning
were not as useful as those on basic issues
such as units.
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i Spring 2009 Study: Major Findings 22

> The sequence of the problems presented to
students affected their performance.

» Whether students were given the graphical problem or
the functional problem first affected the average
number of difficulties they had in an interview.

» Students seemed to gain representational
competence as they progressed through our
interviews.

» Students had less difficulties working with graphs and
functions in the later interviews.

i Fall 2009 Study

> 4 Interview sessions with 15 engineering
students (same as those in Spring) taking
Engineering Physics 2.

> Problems in Electromagnetism.

> Numerical, graphical, and functional
representations.

> Involve a variety of mathematical concepts
and skills: differentiation, integration,
geometric reasoning, ...
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Interview Problem Comparison

Spring Interviews Fall Interviews

= 3 problems each interview = 4 problems in interview 1,3, 4,
(interview 1 has 2 problems). | and 5 problems in interview 2.
= Based on exam problems. = Based on homework problems.
= Each graphical problem has | = Each graphical problem has 3 —

one graph — what to do with 4 graphs — appropriate graph to
graph. use.
= Minor change in context (i.e. | = Significant change in geometry.
spring vs. gun), no change in
geometry. = Probe more deeply students’
= Probe basic Understanding of understanding and using of

the concepts/processes. basic concepts/processes.

i Research Design: Fall 2009

Interviews Problem Sequences

Interview 1 CR;y > CR, » CR; » GR,
CiR;y » C,R; —» CiR, - G,R,
Interview 2 CR; » CR, » GR; —» C,R;
Interview 3 CR; » CR, » CR; » GR;
Interview 4 CR;y » CR; » CR, » CiR,
C;: One type of
Geometry

C,: Different type of
Geometry

R;: Numerical Representation
R,: Functional Representation
Rs: Graphical Representation

-8-
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i Interview 1 Problems

Find magnitude and direction of the electric field at point O.

Problem 1 CiR; Problem 2 ¢ a CiR,
/ :' s :\'_ m
A = const A(0) = A cos 0
Problem 3 Problem 4 C,R,
B zges>” S
T A(X)=a x?

GRAPHS

Interview 1 Problems

Problem 3 - Graphs

A®) 5in@ V.0

ilnterview 1 Problems
Problem 1 C,R, | Problem 2 B CiR,

2= const A(0) = A9 c0s 0
Prob.lem\_3l - .,01R3 Problem 4 C,R,
rl —
/ \\ A(X) = a X2
- GRAPHS

Issues regarding:

= Distribution of Charge

= Direction of Electric Field
= Magnitude of Electric Field

Interview 1 — All Probs.
— General Impressions  1/7

Distribution of Charge

= Many students determine charge distribution based on
the figure rather than from function or graphs.

= Some students have trouble in determining the sign of
charges in Problem 2.

= The change in definition of 6 (down from the vertical) is part
of the difficulty.

= Many students did not spontaneously mention the
symmetry of the distribution in their verbal
descriptions,
= Although their drawings of the charge distributions were often

symmetric.
S12-




12/1/2009

Interview 1 — All Probs.
— General Impressions  2/7

Distribution of Charge

= Students use a variety of strategies for
indicating charge density:
= varying the spacing between the charges
= drawing different sized clumps of charge at
equal spacing
= drawing different size of pluses

= drawing pluses under the graph of charge
density function.

Interview 1 — All Probs.
— General Impressions  3/7

Direction of the Electric Field

= Most students were able to say that the electric
field was vertically downward for Problems 1-3.

= Some students were able to talk about the
horizontal components of the contributions from
each side of the arch canceling.

= Some other students made “this is what the professor
did in class” types of explanations.

= The direction of the electric field in Problem 4
tended to be much more difficult for students.

= Several students drew arched field vectors for Prob 4.
14-

Interview 1 — All Probs.
— General Impressions  4/7

Magnitude of the Electric Field

= Several students wrote down/talked about the
equation for Gauss’ Law for finding the electric field
(integrating E.dA).

= Most students knew that they needed a factor of
cosine to pick out the vertical component of the
electric field in problem 1.

= However, in problem 2, several students didn't include this
factor because the charge density itself already had cos6.

= Some students have difficulty with switching between
integration variables dq = A ds.

= Hints asking them to think about the definition of A helped

many students.
15-

Interview 1 — All Probs.
— General Impressions  5/7

Magnitude of the Electric Field

= Nearly all students needed to be given the
trig identity cos26 = 2(1+cos20) in Prob 2.

= Many students were able to compute the
integral with this information.

= One student suggested that the integral of a
product is the product of each function’s
integral.
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Interview 1 — All Probs.
— General Impressions  6/7

Magnitude of the Electric Field

= All students had trouble deciding which graph to
use for Problem 3.

= Most students thought Graph 1 was the right one to use.

= Several students wanted to use Graph 2 because the
area was easy to calculate.

= Discussion about how the integrand is related to the
graph of a function whose area is the value of the
integral helped most students.

= Several students did not know what the ‘integrand’
meant.

Interview 1 — All Probs.
— General Impressions  7/7

Magnitude of the Electric Field

= Most students did not have trouble realizin% they
needed to integrate over 6 for Problems 1-3, but
several students didn't know what ‘ds’ was in
Problem 4.

= Most students referred to ‘r’ in Coulomb’s Law as
radius. This caused them difficulties in problem 4.

Interview 2 Problems

Find the resistance of the given resistor.

Problem 1 Problem 2

ClRl C1R7

I ™ AN ™

p| [ | e=const | p| | | e=ax |

| \ /
\ J/ NS, )
(8] X

B L K L
p(x)=const p(x)=ax

Problem 3 C,R, Problem 4 C,R4

— s

- N o L

p(x)=const graphs

ilnterview 2 Problems

Problem 4 - Graphs

-

nim
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i Interview 2 — General Impressions

Iroblem 1

Find the resistance of a cylindrical conductor of length L. diameter D and resistivity p (p is constant
along the conductor).

o 2= const
e
CiR; » CR, » CGRy = C)R;
= Do not remember formula for resistance.

= Thought of ‘A’ as surface area (with and without caps)
or volume.

-21-

i Interview 2 — General Impressions

Problem 2

Find the resistance of a eylindncal conductor of length L. diameter D. The resistivity pix) is changing
along the conductor as per the following finction:

plx)=ax
where v is the distance from the left end of the conductor.

CiR; = CR, - CGRy —» C)R;

-22-

Interview 2 — Prob. 2
i — General Impressions
= Integrated only the resistivity and multiplied
by L/A.
= Hinted by the unit of resistance.

= Knew but could not apply the meaning of
integration.

= Needed help to recognize the meaning of ‘dx’
in the integral.

-23-

i Interview 2 — General Impressions

Problem 3

A conductor has di
e length of this o

1@ from D to d over its length L. The resistivity p is constant along
e resistance of s conduetor,

N
D ( | P = const : ] d
| J
\ )
e
e L .

-24-
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Interview 2 — Prob. 3 _ )
i — General Impressions ilnterwew 2 — General Impressions

= Knew that they had to integrate something, but

Problem 4
were not sure what.
A conductor has diameter decreasing from D to d over its length L. The resisuviry of this conduetor
i i i along the x axis is v and its cross-sectional area is A, The graphs of o) vs, x, At vs, 1,
" COUId nOt. use geometrlc reasonlng to ﬁnd area ;n,l.‘.irlu s, v, and pvldi \'.:. xare gi\'\:nl. Find the resistance cs!‘l'.l:. :]mnlnulrl-rl. '
of the resistor as a function of x.
= Hinted by a graph of diameter vs. x. N
= Some students thought limits of integral were o| ( 7"\ P
from D to d because diameter was changing. \ ) -
NS
= Almost all students needed to be given the o ;
. I !
result of integral.
= Only one student succeeded in using u-substitution
to calculate the integral. Some students needed help CR; = CiR, - GR; - GRy
adding/subtracting fractions.
-25- 226-

) _ Interview 2 — Prob. 4
ilnterwew 2 — General Impressions i — General Impressions 1/2

Problem 4 - Graphs
v = Most students tried to find function of p(x) from
S the graph of to plug into the integral with
function of A(x) known from problem 3.

= The complicated integral forced students think of
using area under graph.

= Some students claimed that integral of division
of functions was division of each function’s
integral.

Al ime)
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Interview 2 — Prob. 4
i — General Impressions 2/2

= Some students claimed to find area of graphs of
p(x) vs. x and A(x) vs. X, then put those areas
(numbers) into the integral.

= After such troubles as above, students were able
to recognize that they should find area of the
graph of p(x)/A(x) vs. X.

-29-

i Interview 2 — General Impressions

Problem 5

A capacitor 1s made of fwo cirenlar condnetmg plates of diameter 13 and o The permutnaty & of the
matenal filled between the plates is constant, Find the capacitance of this capacitor.

Interview 2 — Prob. 5
i — General Impressions
= Did not remember formula for capacitance

of parallel-plate capacitor.

= Tried to set up an integral with 'dx’ on the
numerator.

= Did not spontaneously recognize series
capacitors.

= Needed help converting sum to integral to
find equivalent capacitance.

-31-

Interview 3 - Problems
Find magnitude of the magnetic field by the current at point P.

Problem 1

j(r)=j, =const i(r)=ar

ClRl Problem 2 CIRZ

=i )

Problem 3

J=jir)

graphs | = const
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Interview 3 - Problems
Problem 3 - Graphs

Jovs. e i) vs. 1

jiem)
ity em)

i v o vt

o
e
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i Interview 3 — Change in Problems

= Students did not know where to start and what to
do to solve the problems.

= It was impossible to help students solve the
problems without making the interview a tutoring
session.

= Add a picture of the cross section of the wire.

= Split each problems 1 — 3 into two parts:
= A) Find the total current in the wire.
= B) Find the magnitude of the magnetic field at point P.

i Interview 3 — General Impressions

Problem 1

A cylindrical wire of radius R is carrying a current of density j = jp (jp is a
constant). Find the magnitude of the magnetic field caused by the wire at a point P

on ifs surface.
' Jj=js

CiR;y » C;R, > CR; » GR,

= Students asked for formula of current density, although
they could figure it out themselves.

-35-

i Interview 3 - Problems

Problem 2
A cylindrical wire of radius R is carrying a current of density j = ar (¢ is a

constant, r is the distance from the center of the wire). Find the magnitude of the
magnetic field caused by the wire at a point P on its surface.

. =

CR; » CR, » CR; - GR,
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Interview 3 — Prob. 2
i — General Impressions

= Integrated j(r) only and multiplied by the total
area.

= Students seemed to be so familiar with integrals
with dx, dr, do, ... that it didn't make sense to
them to integrate j.dA,
= Even though they remembered that, they failed to tell
what dA meant.

= Students had difficulties finding dA.
= Hints on derivative of area with respect to r helped.

-37-

Interview 3 — Prob. 3
i — General Impressions

Problem 3
A cylindrical wire of radius R = 2 cm is carrying a current of density j which

depends on the distance r from the center of the wire as per the graphs given. Find
the magnitude of the magnetic field caused by the wire at a point P on its surface.

P

= Some students confused between j(r) and j.r, so
they thought of using the graph of j(r) vs. .

-38-

i Interview 3 — Prob. 4

Problem 4

A tuhe carrying electric current expands uniformly over a distance L. The radius at
the beginning of the tube is r, and at the end of the wbe the radius is R. If the total
current going through the tube is I what is the average current density at location a
quarter of the way down the tube (closer to the smaller end)?

™ I
— (A M "| >
— ) _,

CiR;y = CR, » CR; - C)R

-39-

Interview 3 — Prob.4
i — General Impressions

= Most students claimed to integrate the
area, because area was changing.

= Needed help figuring out the function of
diameter vs. x.

-40-
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Interview 3 — All 4 Probs.
— Calculating B Field -- General Impressions

Students tried to recall a formula for B.

Hinted on Ampere’s law and given its
expression.

Students had a hard time ‘unwrapping’ the left-
hand side of Ampere’s law.

Some students wrote the left-hand side as
B.2xnR but failed (or used weak reasoning) to
explain that result.

Some students didn't know what ‘ds’ meant in
the integral of Ampere’s law.

-41-

Interview 4 - Problems

Find the unknown quantities in RLC circuits.

Problem 1 ClRl Problem 2 C1R3
:!T:-t !\'..J--l. g-(i’[f-\ i l 7_/\
Problem 3 ClRZ Problem 4 CJ_RZ

I{e)=2x107 «( 600000 450" + @' )

I

N300y +| (sx 10 H)xar- —h
i e g FTe s

-42-

Interview 4 — Prob. 1

Problem 1

The curent in a series RLC circuil reaches its maximum amplitude of
Iog = 2 A when the driven angular frequency is «, = 5= 10% rad/s. The emf
amplitude is 100V and the capacitance iz 0.4 uF. Find R and L.

CR;y > CR; > CR, » CiR,

-43-

Interview 4 — Prob. 1
i — General Impressions

= Students either did not remember formulae or
did not know that current depended on » and
reached maximum when o = o, (resonance).

= Most students seemed not familiar with the
resonance case (did not know that X, = X; and
I..x = E/R at resonance), so they could not
simplify the problem.

= One student used the energy method to
calculate L.

- 44 -
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Interview 4 — Prob. 2

Problem 2

The current amplitude I versus driving angular frequency oy for a driven
series RLC circuit is given in the graph below. The inductance is 200 pH
and the emf amplitude is 8.0 V. Find Cand R.

I(A)

0 L
10 30 50
@, (1000 rad/s)

CiR;y » C,R; —» CiR, » CiR,
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Interview 4 — Prob. 2
$ — General Impressions

= Most students chose the point of
maximum current on the graph, but could
not explain their choice.

= Some students did not know which point
to choose or chose a random point on the
graph to getI and .
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i Interview 4 — Prob. 3

The cusent amplitude I{m) {in Amperes) of a series RLC circuit depending
on the driving angular frequency o (in mdiansecond) is given as follow:

v
o) =— L

lra | —~ 1
(300) +| (=107 H)ep— —————|
| (22107F)

Find the resistance R, inductance L. capacitance C, resonance frequency oy
and maximum current amplitude Lo,

CR; » CR; —» CiR, » CiR,

47 -

Interview 4 — Prob. 3
i — General Impressions

= The mapping task in this problem was
very easy for all students.

= The units of quantities helped them to
some extent.

-48 -
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i Interview 4 — Prob. 4

The current amplitude o) (in Amperes) of a series RLC circuit depending
on the driving angular frequency o (m radian per second) is given as per the
following function:

(o) = 2% 107 «{ 600000 - 4500" + ')

Find the resonance angular frequency oy and the meaxinmum current
amplitude Iny.

Ci{R;y » C,R; —» CiR, - CiR,
a9-

Interview 4 — Prob. 4
i — General Impressions 1/2

= Since students were not familiar with the
resonance case, they did not know how to do
this problem.

= When hinted that they needed to find o that
made I(®) maximum, they still could not think
of the mathematical process to solve the
problem.

= Hint on an analogous mathematics problem of
finding value of x that made f(x) maximum was
helpful to some students but not to others.

Interview 4 — Prob. 4
i — General Impressions 2/2

= The first few students were told that a function
reached extreme values at zeros of its first derivative.

= Other students were given a graph with maximum
and minimum, and asked to find the common
property of those points.

= Students found two zeros of first derivative of I(w).
Some thought that the larger o gave larger current,
others plugged each o into I(w) to find current and
compared.

= Hinted on the change of slope when passing the
maximum and minimum points.

= Only two students (out of 15) mentioned the “second-
derivative test”.

Fall ‘09 — All 4 Interviews
i — Overall Impressions

= “Integral = area under graph” seemed to be
obvious to students, but they had difficulties
choosing the right graph to use.

= Thinking more deeply on the relation between graph and
integral, they no longer chose a graph because it was
easy to find area.

= Students knew meaning of mathematical operations
(derivative, integration, ...) but could not apply that
knowledge in the problems.

= Students seemed to automatically integrate
anything that was changing.

-52-

13



12/1/2009

Summary of students’ difficulties in
* each representation i Next Steps

Nurmber Picture Function Graph = Phenomenographic analysis of transcripts.
Algebra[c Assc_x:iating s_ymbols Algebraic computation calculus processeslfor finding )
puaton || wih e pre feaures: = Investigate resources that students
sociating riting down a function 9 i H
smbols with |18 e | Caleuuscomputation | ntegral > area activated to solve the problems and the
e aea Aoy APETOPTE applcation of factors that affected their choice of
Units O :fa ?Ss:ncu: ion |formu as (ir specia c:;es: iR e
s i1 i resources.
Identifyvi;?iairl;f:gration finding f_max
Units estimating area/slope
units of area/slope

i Spring 2010 Plans i

= More detailed literature review on multiple
representations.

= Focus group interviews? {Iﬁdn& (YOU

= E.g. Similar to Fran’s Interviews

= Framework for explaining results: Candidates
= Conceptual Resources (Hammer)
= Cognitive Framework for Math in Phys (Tuminaro)
= Dynamic Transfer (Schwartz)

14



Comments

= Why did only 1 student think integral of product was
product of integrals while several thought that for
quotients?
= Literature suggests that when students find questions
difficult to comprehend the conceptual level of all their work
can suffer.
= Can you relate errors by individual students across
the interviews?
= Take advantage of the longitudinal structure of your work to
see how conceptions and misconceptions develop in
individual students.
= You need a framework to allow you to trace
conceptual growth over time
= But you note this in your future plans.

12/1/2009

15



