
vIn doing a physics problem, if my calculation gives a result very different from what I'd expect, I'd trust the calculation rather than going back through the problem.
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Thanks to David Hammer for his assistance in conducting this 
study within his course and for allowing us to reproduce his 
course materials.

• CLASS responses may not accurately reflect what 
students’ do when they solve physics problems.

• Work on practical and formal beliefs should shape 
our interpretations of CLASS responses. 

• We only have access to what students wrote. It is 
possible that students may engage in sense-making 
practices such as checking that their answer make 
sense without including that in their written work.

• This study was conducted with a small sample size; 
further study is needed.

We see little to no relationship between 
evidence of sense-making in students’ 
homework and their responses on CLASS. 

• The first two homework assignments were analyzed for comparison with pre-
course CLASS responses. 

• Both assignments were due within the first 2 weeks of the course. 
• 7 total problems were analyzed for each student.

• We first read through all students’ responses to the first assignment, looking 
for common features of responses that seemed to reflect sense-making.

• We then generated a list of codes for these features, and counted 
occurrences of these features. 

• Scores were summed for each student to get an overall homework score.

The course
• Calculus-based interactive lecture course at Tufts 

University
• Approximately 50 students enrolled

• Majority had taken physics in high school
• Designed to target students epistemological beliefs

•  Similar to the course described by Redish & 
Hammer [4]

• Homework designed to elicit detailed responses
• Credit given for sensible, but incorrect 

responses
Data collection

• Students registered were sent a link to CLASS a 
week prior to starting the course.

• All homework was collected and scanned.
• All lectures were video recorded.
• Due to enrollment changes during add/drop period 

and relatively low response rate (60%) on CLASS, 
we have 26 matched sets of CLASS responses 
and the first two homework assignments.

• Work in science education has argued for 
distinguishing between students’ practical and 
formal beliefs about science. [1, 2]
• Practical belief: the beliefs underlying what 

students do when they engage in science 
activities

• Formal belief: how students describe their 
beliefs on surveys and in interviews

• The Colorado Learning Attitudes about Science 
Survey [3] has become a standard tool for measuring 
students’ beliefs about Physics in the Physics 
Education Research Community.
• Measures students’ formal beliefs and attitudes

• We aimed to investigate students’ practical and 
formal beliefs in an intro physics course.
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Code
1. Explains an expression
2. Checks if the answer makes sense
3. Checks math
4. References physical interactions
5. Mentions an at-home experiment
6. Gives alternative answers

7. Gives multiple explanations for a particular answer

8. Uses a picture or diagram as a tool
9. Includes no explanatory words
10. Uses math that does not model the physical scenario
11. Gives an unreasonable answer 

Scoring
+1 for each occurrence
+1 for each answer checked
+1 for each calculation checked
+1 for each interaction mentioned
+1 for each experiment mentioned
+1 for each alternate answer beyond 
what was asked for
+1 for each additional explanation 
beyond what was asked for
+1 for each type of diagram
-1 if no explanatory words 
-1 for each non-physical model used
-1 for each unreasonable answer 
without comment
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Do students’ responses 
on the CLASS 

correspond to what they 
actually do when they 

solve physics problems?

1. I hit that bowling ball from lecture with the mallet, starting from rest. Suppose every time I hit it, its 
velocity increases by exactly 10 cm/s. You start timing, t = 0 seconds, at the instant I hit the ball the 
first time, and I hit it once every second.
Two simplifying approximations: (1) Suppose each hit is very quick, so the speed changes 
“instantly.” (2) Suppose the ball doesn’t slow down between hits. 

a)  At t = 6 seconds, how far has the ball moved from its starting position? 
b)  Write an expression for how far the ball has moved after t seconds.
c)  Now I change my technique. I ease up how hard I hit the ball, so that now it speeds up 5 cm/s 

with every hit. But now I hit it once every half second. Start the clock again at the instant I hit 
the ball the first time, starting from rest, and again say how far the ball has moved at 6 seconds. 

Checks math by 
calculating the 

answer two ways

Explains an 
expression in 

terms of physical 
quantities (time, 

distance)

Uses a 
diagram to 

aid or clarify  
explanation

Explicitly 
references 
a physical 

interaction.

Example 1: Score of 4

Example 2: Score of -1
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Percent favorable response on 
the CLASS is uncorrelated with a 
Pearson correlation coefficient of 
r=0.17 and p=0.40

Percent unfavorable response on 
the CLASS is weakly correlated 
with a Pearson correlation 
coefficient of r=-0.33 and p=0.10

We also examined total scores in particular codes, 
such as “gives an unreasonable answer” and closely 
of related questions on the CLASS, such as “In doing 
a physics problem, if my calculation gives a result 
very different from what I'd expect, I'd trust the 
calculation rather than going back through the 
problem,” and found weak to no relationships.


