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Abstract: For several years we have investigated the well-known gender gap in performance on the Force Concept Inventory (FCI) which is certainly seen with our students. Indeed, our incoming female population has much lower pre-test scores (26%) than do their male counterparts (42%). This difference is not
consistent with course performance, and we would like to account for this discrepancy. Our students represent the full range of possible pre-test scores. To investigate how our students think, we conducted think-aloud student interviews on a specific subset of FCI| questions. Our subjects had previously taken the
FCI twice. Preliminary results indicate that students who score 20% or lower are not guessing; they have reasons for their answers. Furthermore, particular incorrect answers are selected for a variety of reasons.

Introduction

The Force Concept Inventory has been administered to high school and college students for
over 25 years. The resulting scores have been analyzed in a multitude of ways. Gains in the
FCI have been used to support the efficacy of various teaching strategies. Yet, despite its
familiarity, the FCI remains problematic. For example, there is still no satisfactory explanation
for the fact that males routinely outperform females on the FCI.

As part of our continuing effort to understand student performance on the FCI, we have
begun to conduct think-aloud interviews with physics students as they grapple with some of
the questions on the FCI. The initial dozen interviews have been revealing. We found that
some students have ways of looking at some questions that would never have occurred to us.
We, as experienced physics instructors, are effectively oblivious to difficulties that beginning
students can have with test questions. The nuanced wording of the questions we create is lost
on some students for whom the question might just as well be written in Sanskrit. To some
students our carefully constructed diagrams resemble the entrails of a goat. When presented
with such questions, students try to engage in sense-making by grasping at whatever straws
appear.

We are here not dealing with what are commonly known as misconceptions. To be a
misconception there has to exist some coherent mental construct that can be so-labeled.
What we observe could better be called misunderstandings. We here draw attention to some
of the misunderstandings revealed during the interviews.

Interview Protocol 4 Key:

Phase 1 student comment

Phase 2 student comment
J

20 FCI questions
~1 hour §
*Think aloud in two phases
— Phase 1: The student is asked to answer each question and think out loud.
- Phase 2: The student is told the “physicist’ s answer” for each question and
asked to explain that choice and how reasonable it seems.
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As they grappled with the figure, interviewees seemed to lose sight of the problem statement
and how time is implicitly included. In this sense, one might see this overall method of
posing this problem to be a distraction in itself. (One student lost sight of the problem
statement and saw the blocks as moving in opposite directions.)

Interestingly, interviews revealed that certain students having problems with Question 19
seemed to interpret Question 20 correctly — they saw consecutive squares equally spaced
over equal time intervals and reasoned that the speed for each block is constant, and,
therefore, the accelerations are both zero. However, this wasn’ t always the case. Some
students still appeared to have a general problem of seeing how to handle time, and, thus,
speed and acceleration, properly, given the figure.

Overall, this way of presenting Questions 19 and 20 seems, given the students’ responses, to
have left students unclear as to how the motion in question is to be interpreted. This would
suggest that, for some students, their simplest understanding of kinematics could not be
employed, thus, having one ask what these questions are ultimately testing. As one student
put it (after being made aware of the correct answer), “It 's just a number line with blocks. No, |
don’t understand.” At least Question 20 labels the blocks (Question 19 does not) in the figure
allowing students to more immediately grasp the figure’ s intent.
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clearly changed his answer to B because of the second
diagram even though his reasoning supported option C.

6. Which path in the figure at right would
the ball most closely follow after it
exits the channel at "r" and moves
across the frictionless table top?

Reads the question out loud while pointing to the correct diagram. “So it still has 1 it always has gravity.
q to O um so it would be 1 and 3 a force pointing in the direction of motion. O to g umm I’ m going to go
with C 1 and 3. A downward force of gravity and a force in the direction of motion. But then there’ s also
(points to next diagram) wait 1 and 2 actually I’ m going to go with B 1 and 2 force exerted by the
channel from q to O because it’ s going to go like this (points along path B of second figure) unless the
channel is still going around so B”.

»Many students were overwhelmed by the question. Several had to write notes or arrows while working
out the answer. Two students chose different options from their reasoning. It appeared this was simply an
error due to the load necessary to translate the description of the forces to a force, then identify the correct
number associated with each force and then to identify an answer option that contained only the numbers
for the forces they had identified.
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“v, is velocity constant and v, ...and | don’t know. Well v, is initial... |’ m trying to remember back to
what he taught me. We used v; and | guess...”

“...the original speed, o for original.”

»30% of interviewees chose option B. Their descriptions could be considered consistent with the
understanding that the final velocity was given in the problem as v,.

“B. Equal to the speed you’ re hitting it with because if you have a frictionless surface.”
“ I’ m going to go with B. Just cause it’ s motion is independent and all that junk on a frictionless path.”

» Students combined part of the distracter information with the question. “v, and v, are independent,” which
is only suggested in option B and is not part of the question.

“Now if it asked for the resultant vector then it would be E but it says independent so | would not concur.”
> At least one student did not know what “arithmetic sum” meant.

“Equal to the arithmetic sum. Oh Wait. It has the initial and it gets another and they don’ t add. Yea I’ m
going to go with C.”

Incorrect Diagram

Most students did not understand the diagram. 2 of
14. A bowling ball accidentally falls out o S correct responses came with correct reasoning.
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the ground and viewing the plane as in ; Co ot . . .

the  figure at right, which path would Lk physical reasoning could not be interpreted.
the bowling ball most closely follow
after leaving the airplane?

» The diagram is incorrect and was misinterpreted by the majority of students. The plane is shown at
the time the ball is released; however, the ball is shown at the time it hits the ground.

“A Because it’ s going to appear as the plane’ s moving. Are they watching it from the plane. That’s
just a confusing question in my opinion. With D | would see it as if the plane is at a standstill. | guess
if the plane continued and the ball dropped out of the back.”

“Is the plane still moving?” She had correct reasoning but talked herself into B because of the
diagram. “Not possible for the ball to land ahead of the plane.”

»50% of correct answers were based on intuition and not the physics.
“I’ d probably say D. It looks right.”

“It’ s going this direction so that force... (used one hand horizontal -plane continuing on - and one
the ball.) D.”

Confusing Wording Students all used physical reasoning to
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*
> The predominant idea is that for the
elevator to go up, there must be a net
Elevator going up force in the upward direction.

at constant speed

“They re saying they are equal. But if it’s moving shouldn’t the force upward be greater? If it were just
sitting there they would equal each other. | think they’re full of it.”

“But it’s going up! Maybe because the upward force of the cable is like the normal force. They have
to equal each other. The cable is shortening maybe? All the forces are equal...”

» A couple of students ,when faced with the correct response, wondered if a motor could explain this
strange answer.

“Maybe a motor?” or “They re just one constant speed that’s being moved by some motor or
whatever.”

»The majority of students understood “no frictional effects” to mean no air resistance as well as no
friction on the elevator. However, 30% of interviewees interpreted air resistance as being different than
friction.

“And friction is negligible but air can still play a role.”

“| feel like there’ s a downward force of air and an upward force due to air so they would cancel.”

“All right | don’ t really see anything about air. So | don’ t think the question is worded very well. Um

we’ re going to neglect air, the force of the cable is greater than the force of gravity. They don’ t say
anything specifically about air but | think it" s such a moot point it won’ t even matter anyway.”

Conclusion

The results of these interviews call into question the validity of some of the FCI questions in that

misunderstandings, arising from flaws in their presentation, prevent them from accurately
measuring physical understanding.




