
One-hour interviews with undergrads who have taken college physics (N = 16)
Answer-rating / Explanation sequence for 3-6 multiple-choice questions

Two of the questions asked (from smartPhysics (Gladding, Selen, & Stelzer, 2011)):

Procedure for each question:

Response categorization:
- Two researchers grouped the A, B, C explanations based on how similar they were to one another.

A typical approach to studying student understanding:

This methodology doesn’t capture the range of resources (pieces of knowledge) (Hammer, Elby, Redish, & 
Scherr, 2005) students have for answering physics problems.

• Knowledge can be “fragmented”: numerous resources that don’t necessarily fit together.
• A resource can be used in either right or wrong explanations.

Q: Will asking students to explain their reasoning for all parts of a multiple choice question reveal new 
resources that wouldn’t have been captured if only one choice was explained. 
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Two Boats Q1 – equal initial speed Two Boats Q2 – equal peak heights

Answers
A)   Target 1
B)   Target 2
C) The ships are hit at      

the same time

Rate the likelihood that you 
believe each answer (A, B, C) is 

correct

0 – it’s not likely at all.
100 – it’s definitely correct

For each choice, provide a 
reasonable explanation for 

why someone might choose it.

Rate the likelihood that you 
believe each answer (A, B, C) is 

correct

0 – it’s not likely at all.
100 – it’s definitely correct

Multiple-choice physics question:
What do you think the answer is? Explain your reasoning

Correct answer with 
correct explanation

Incorrect answer,
but elements of correct 

explanation

Incorrect answer
but can generate 

correct explanation

Incorrect answer with 
wrong explanation

Alignment with correct physics

ResultsResearch Question

Method

Relation to Physics Instruction

Chose C: “hit at the same time” (incorrect)
12/16 students + 1 tie

5 students – “lower peak height”
4 students – “more direct path”

2 students – “lower peak height” & “more 
direct path” 

Chose A: “target 1 is hit first” (incorrect)
9/16 students + 2 ties

2 students – “same peak height”

Even though students chose the wrong answer, they can give the right explanation.

Two Boats Q1
wrong answer choice: 

but gave a correct
explanation for correct choice:

Two Boats Q2
wrong answer choice: 

but gave a correct
explanation for correct choice:

Many incorrect explanations were not pure “misconceptions,” they still had elements 
of correct physical reasoning:

Considering distance OR speed to determine time, rather than both together
•Target 1 is hit first, because it’s closer to the battleship (Q1: 14 students; Q2: 12 students)
•Q2: Target 2 is hit first, because projectile 2 has a greater (initial) velocity (12 students)
•Q1: Projectile 1 goes a higher distance and Projectile 2 goes a farther distance. Therefore, 
they both travel about the same distance, so they should hit at the same time (8 students)

Correctly considering distance and speed but drawing invalid conclusions
•Q2: Speed/Distance compensation: Projectile 2 travels further, but also travels faster, so

they hit at the same time (6 students)

•Even students who chose incorrect answers could have some correct thinking. 
•Perhaps, instruction should focus on making students believe in these correct ideas.
•Moving Forward – Modeling explanations with causal networks.
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