1. MOTIVATION

» In our previous study [1], we found that:

» Students encountered a variety of
difficulties when solving problems In
graphical and equational representations.

» These difficulties were primarily due to
students’ Inability to activate the required
mathematical knowledge In the context of a
physics problem.

» In this study:

We developed problem sets aimed at
facilitating the activation of required
mathematical skills to solve physics problems
In graphical and equational representations.

2. RESEARCH QUESTION

Can a research-based sequence of math,
physics and non-traditional problems improve
students' ablility to solve physics problems In
graphical and equational representations?

3. METHODOLOGY

Focus Group Learning Interviews
(FOGLI’s) [2]
» Pre-test/post-test Control Group Design

» 20 engineering students enrolled in a calculus-
based physics course were randomly assigned
Into either a control group (8 students) or
treatment group (12 students)

» Students attempted a pre-test, a problem set
prepared by the researchers and a post-test
similar to the pre-test.

» Problem set for the treatment group included:

»two pairs of matched math and physics
problems

» one debate problem
» two problem posing tasks [3]

» Problem set for the control group Included
Isomorphic textbook problems covering the
same topics and principles.

» Students worked individually on the pre-test
and post-test and worked In pairs on the
problem set.

» Students In the control group were provided
with a printed solution of each problem while
students In the treatment group were required
to check In with a moderator before
proceeding to the next problem.
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4. INTERVIEW PROBLEMS

Problem A
A 0.05 kg bullet 1s loaded into a gun compressing a spring which has spring constant

k=15000 N/m. The gun is tilted vertically downward and the bullet is fired into a drum
5.0 m deep, filled with a liquid.

The barrel of the gun is frictionless. The magnitude of the resistance force provided by
the liquid changes with depth as shown in the graph below. The bullet comes to rest at
the bottom of the drum.

What is the spring compression x?

Resistance Force of Liquid vs. Depth
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Problem B

A 0.03 kg bullet is loaded into a gun compressing a spring which has spring
constant k = 3000 N/m. The gun is tilted verticallv downward and the bullet is
fired into a drum 5.0 m deep, filled with a liquid.

The barrel of the gun is frictionless. The magnitude of the resistance force F (in 0.5 m
Newtons) provided bv the liquid changes with depth x (in meters) as per the |
following function: T
F(x)=8x+0.5x"
am

The bullet comes to rest at the bottom of the drum.
What is the spring compression x7

Figure 1. Problems in the pre- and post-test

Problem 1

The graph below shows the magnitude of a force
F(x) acting on an object with respect to the .
displacement x of the object (F is in Newtons and |
X 15 m meters). Find the work done by force F on |
the object over the distance d that the force is 0
acting.
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Problem 2

The graph below shows the magnitude of a force
F (in Newtons) acting on an object with respect
to the displacement x (in mmeters) of the object. 3p--
Find the work done by force F on the object over
the displacement from 0 m to 10 m.
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Problem 3

A block is pulled on a horizontal frictionless floor by a force whose magnitude F (in
Newtons) depends on the displacement X of the block (m meters) as per the function:
F(x)=ax" +bx+c (a, b, c are constants). Find the work done by force F when the

block has been moved from x; to X;.

Problem 4

A block 1s pulled on a horizontal frictionless floor by a force F whose magnitude
depends on the displacement of the block as per the function: F(x)=2x -3x+2 (x is
in meters, F is in Newtons). Find the work done by force F when the block has been
moved from 0 mto 2 m

Problem 5

A 35 kg block 1s accelerated from rest by a spring, spring constant 632 N/m that was

compressed by an amount x. After the block leaves the spring it travels over a horizontal
floor with a coefficient of kinetic friction p, = 0.25. The frictional force stops the block n

distance D= 7.8 m.
s
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What was the spring compression x?

Figure 2. Problem set for the control group In
FOGLI session 3
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4. INTERVIEW PROBLEMS
(Cont’d)

Problem 1 f(x)4
The graph of a function {(x) i3 given below. /
c L I \
Find the value of the mtegral If(-‘f]fﬂ i1 — 1 E
terms of the constants a. b, ¢, m, n. | i i <
a h e ‘
Problem 2 Fx)y
The graph below shows the magnitude of a L
force F(X) acting on an object with respect to | |
the displacement x of the object (F is in i i
Newton and X i1s in meters). Find the work 0 :{; . . >

done by force F on the object over the distance
d that the force is acting.

Problem 3
Find the area of the region surrounded by the graphs of the following functions:

f{I):I3—I—EI+1, f{."{):[}! X=X, X=X,

Problem 4
A block is pulled on a horizontal frictionless floor by a force F whose magnitude (in
Newton) depends on the displacement x of the block (in meters) as per the function:

F(x)=ax +bx+ec (a, b, ¢ are constants). Find the work done by force F when the
block has been moved from x; to X,.

Problem 5

Five students are discussing their strategies to solve the following
problems.

A 3.5 kg block 15 accelerated from rest by 2 spring, sprmg constant 632 N'm
that was compressed by an amount x. After the block leaves the sprmg 1t
travels over a horizontal floor with a coefhicient of kmetic fnichon pe = 0.23.
The frictional fores stops the block m distanee D =78 m.
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What was the sprmg compression x7

Which student i1s correct? Comment on each student's ideas. Explain who
vou agree with most and whyv. For the students who make statements vou

disagree with, trv to identifv what went wrong in the student's reasoning.

Student Strategy Comments

Energy is conserved so all the changes in energy add
to zero. The block starts from rest and then comestoa
stop, so there 1s no change in kinetic energy. The only
David | energy that changes is the spring's potential energy
and that's good because that involves the compression
of the spring. You can calculate the change n
potential energy and solve for the compression.

Friction 1s involved so you need to use AK + AU =
W, where W = -ukmgD 1s the work done by friction.
AK 15 zero because initial and final speeds are zero.
The mitial U is that of the spring and final U 1s zero.
Then put everything into the equation and solve for
X

Mary

Isn't the work +ukmgD). because W mn that equation is
Eric |the amount of work done and therefore 1t must be
positive?

But the spring does wotk on the block too and you
have to take that mto account. Work 1s force times
distance, and since the force of the spring is -kx and
the spring pushes the block a distance x, the work
done by the spring is -kx”?_That’s the fornmla you
should use to find the compression.

susan

All you have to do to calculate the work done by the
spring s to plug in the total distance the spring pushes

Mike | the block into the force -kx. So, if the iitial

compression 1s L, the work done by the spring 1s kL.

Problem 6
a. Start with the physics problem m problem 5. modify it by including in it the
physics ideas i problem 2 to create a new solvable problem of vour ovwm.
Write vour instructions to solve that new problem.
b. Start with the physics problem in problem 5. modify it by including m it the
physics ideas i problem 4 to create a new solvable problem of vour ovwm.
Write vour instructions to solve that new problem.

Figure 3. Problem set for the treatment group
In FOGLI session 3
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5. RESULTS

» Problems in the pre-test and post-test graded separately
on the physics part and the representation part.

» The non-parametric Mann-Whitney test used to test
significance of the difference In scores between control
and treatment groups.

TABLE 1. Mann-Whitney for physics scores

Problem Pre-test Post-test
p= 1.00 p= 042

Graph z=-0.04 z=-0.85
r=-0.01 r=-0.19

p= 0.82 p= 051

Equation z=-0.27 z =-0.69
r=-0.06 r=-0.16

» Table 1 : Treatment does not appear to improve students’
ability to solve work-energy problems compared to the
control.

TABLE 2. Mann-Whitney for representation scores

Problem Pre-test Post-test
p=0.79 p=0.04

Graph z= 031 z2=-2.04
r=-0.07 r=-0.46

p=0.88 p= 0.05

Equation z=0.11 z=-197
r=0.03 r=-0.44

» Table 2 : Score on representation aspect of the treatment
group Is not statistically significantly higher than that of
the control group on the pre-test, but it Is statistically
significantly higher on the post-test.

» Treatment problem set improves students’ ability to work
with graphical and equational representations more than
the control problem set does.

6. CONCLUSIONS

Initial results suggest that our research-based sequence of
problems has a positive effect In improving students’
performance on the representation aspect of problems, while it Is
not as effective In improving students’ performance on the
physics aspect of problems.
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