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Motivation: Ortiz, et. al (AJP 73, 6 (2005)) showed that students in calculus-
based physics classes display different levels of understanding
of the concepts of center of gravity and torque for discrete
systems compared with extended objects.
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A. Where is the center of gravity of the system?
B. Which crate/side of bat has the greater mass? Or are the masses equal?

Our research group is developing an embodied physics lab on center
of gravity. Students engage their sensorimotor systems by balancing
objects on their hands, and considering the center of gravity as the
balance point of an object.

mmssss) Can this embodied experience impact student learning?




Students: * OurIPLS students had lecture + embodied lab on center of
gravity and torque, then they had online homework + our center

of gravity questions.

* We also gave our center of gravity questions to a calculus-based
class that did NOT have the embodied lab, AND was given at the

end of the term.

Extended Object Questions:

1. In the diagram below, a baseball bat of
uniform mass density is balanced horizontally
on a fulcrum.

a) The center of gravity of the bat is

- D located at point P.
, to the right of point P.

o to the left of point P.

b) Briefly explain your reasoning.

2. The diagram below shows the same
baseball bat (uniform mass density) as in the
previous problem.
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a) The mass of piece A is

() less than the mass of piece B.
O I:| greater than the mass of piece B.

() equal to the mass of piece B.

b) Briefly explain your reasoning. -2-




Compare answers from the two groups of students:
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More than 30% of the IPLS students
answer INCORRECTLY that the center of

gravity is to the left of P.

95(5)% of the calc-based students in the

Ortiz study answered CORRECTLY (at P).

About 60% of the IPLS students answer
CORRECTLY that m, > m,.

About 85% of our calc-based students and
80(5)% of the students in the Ortiz study
answered INCORRECTLY that m, = m;.
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Look more carefully at IPLS student explanations

T e
= Location of Center of Gravity

Why do some students think the center of gravity is to the LEFT of P?

Nearly all of these students DENY the bat is balanced !

“The center of gravity of the baseball bat will be to the left of point P
because the bat has more mass on its fatter left end than on the
thinner right end. In order to keep balance the fulcrum should be
moved to the left.”

Interesting trends in student responses:

The student applies the concept of center of gravity, but ignores the
information that the bat balances at the point P.

The student refers the appearance and shape of the bat in order to
estimate the location of the center of gravity.




Comparison of masses when P is the balance point
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“Piece A has more mass because it has a shorter radius to the center and
both sides must be equal, piece B is longer and weighs less.”

“...the side with more volume will have a greater mass in a uniform mass
density object.”

“The center of gravity is closer to the side that has the greater mass.”

student applies an operational definition of center of gravity




Discrete Object Systems: The Crates W IPLS students

3. Two crates are at rest on a board of uniform mass B Calc-based students
density and the fulcrum is beneath the board’s
midpoint, as shown in the figure below.

Q3a: The CoG of the system is:
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a) The center of gravity of the system of crates is located

O to the left of the fulcrum.

leftof fulcrum directly above the right of fulcrum
fulcrum

O to the right of the fulcrum.

O[] directly above the fulcrum. About 20% of the IPLS students answer
INCORRECTLY that the center of gravity
is to the LEFT of the fulcrum.

b) Briefly explain your reasoning.

uses visual information

What drives the incorrect response?‘/l/

“Crate A is approximately twice the mass of Crate B and will therefore shift the

system's center of gravity in that direction.” /

concepts applied correctly, but ignores information in problem statement




Comparing the Masses of the Crates M IPLS students
B Calc-based students
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 equal to the mass of crate B.

greater than the mass of crate B.

About 70% of both student groups
answer CORRECTLY that m, < mj.

In the Ortiz study, ~¥95% of calc-based
students answered correctly.

b) Briefly explain your reasoning.

Sample IPLS student responses for correct mass relationship:

“Crate B is closer to the fulcrum which means the radius has decreased. ... to

Torque keep the board balanced, the force must increase as the radius decreases.”

CoG “Because crate B's distance from the center of gravity is smaller than crate
A's distance from the center of gravity.” -7 -




Sample IPLS student responses for incorrect mass relationship:

Qd: mA is equal or greater than mB because:
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About 40% of these students
rely solely on the size of the
crates as shown in the figure.

J |PLS students
B Calc-based students

Crate A Uniform Board

Some students argue that the
crates (rather than the board)
are of uniform mass density.




Reflections:

It was very noticeable that students in the IPLS algebra-based class
favored, and were successful at, applying something close to an
operational (or procedural) definition of center of gravity to the
baseball bat problem, and to a lesser extent, to the crates problem.

Operational definition: The center of gravity of an object is closer to
the heavier (or more massive) object (or part of the object).

Can we work with this operational approach and at the same time
allow students to become comfortable with a “proper” torque
approach to these problems?

Did our embodied center of gravity lab improve student performance
for extended objects (mass comparison of pieces of the baseball bat)?

* This work is supported by the National Science Foundation

through the grant NSF FIRE DRL-1042955

-9-




