
Applying text analysis to compare student explanations in physics education research
Sheh Lit Chang and Peter S. Shaffer, Department of Physics, University of Washington

Abstract

Physics 
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• Student explanations to physics tasks 
form the basis for many studies into 
student understanding of physics.  

• The explanations are interpreted and 
categorized by one or more 
investigators, to try to identify 
common patterns in student thinking 
and lines of reasoning.  

• There are computer programs that 
can quickly parse many paragraphs 
of text and identify common words, 
terms, and phrases for text analysis.

• This analysis is known as natural 
language processing (NLP).  

• We describe the use of an NLP 
technique, cosine similarity, to 
compare student explanations in the 
context of two-dimensional motion 
and rolling motion. 

• The results are comparable to 
traditional qualitative methods.

Summary 
& Future 
Work

 NLP comparisons of student explanations in the 2 tasks using cosine similarity are consistent with hand-coding.
 NLP techniques may provide a semi-objective approach to analyze large amount of text data in a short time.
 Instructional implications:  The results suggest that students have the tendency to use the given shape/curve to 

determine the direction of instantaneous velocity at a point. It is a good approach for particle motion, but not for 
rigid body motion.  We are currently using this result to improve the tutorial curriculum.
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Preliminary investigation
A cylinder rolls 
without slipping as 
shown.  Find the 
direction of v in 
the ground frame1.

Question:
To what extent do students use the
given curve/trajectory to explain
their answers?
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Results:
• In Task 1A, 70% of students who chose       explained using “tangent to curve”.
• In Task 1B, ~70% of students who chose        or     also explained using “tangent 

to curve” ideas.
• Students who were correct on both tasks tend to use different approaches.
• Students who selected the vertical arrows (upward in Task 1B / downward in 

Task 2) on at least one task typically used the same approach for both.

Hand-coding vs. Cosine similarity

NLP method to compare explanations

Cosine similarity:

• and are document vectors. Their basis vectors are the words/ 
phrases,  and are the term frequencies. 

• measures the extent of the overlap of words/phrases used in 
and .  It ranges from 0 (totally different) to 1 (exactly the same).

Task 1 (T1) Task 2 (T2) N % similar
(by hand)

Cosine 
similarity

T1 (Correct) T2 (Correct) 41 0.25 0.10

T1 (Correct) T2 (CM) 120 0.50 0.60

T1 (CM) T2 (CM) 25 0.50 0.50

Results:
• % similar (by hand) is determined by whether students mentioned 

the idea of “tangent” in their explanations in both tasks. (compare 
the 2 explanations in each student)

• Cosine similarity is calculated by using the 2-word phrases used in 
the explanations to Tasks 1 & 2. (compare the 2-word phrases used 
in all explanations to one answer in T1 to that in T2)

• The results obtained from both techniques are comparable.

Further investigation
1.Give two tasks to two groups of students, both showing the cycloidal trajectory 

(one with and one without the cylinder). 
2.Give another common task and compare student answers and explanations.

Students

Task 1A (N = 130) 
Cycloid trajectory only

Task 1B (N = 111) 
Cycloid trajectory + 

Rolling cylinder

Task 2 (N = 241)
Rolling Motion Task

Additional question:
Would calculating the cosine
similarity of student explanations
in both tasks produce similar
results to those done by hand?

Results:
• 20% answered correctly
• 65% answered     , most (70%) 

explained by tangential velocity. 
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between Task 1A () and Task 1B () = 0.82

1Rimoldini and Singh, “Student understanding of rotational 
and rolling motion concepts”, Phys. Rev.–PER, 2005. 


