
Vector Analysis
36-dimensional vector represents the edges of the network-like graphs (𝟔𝐱𝟔 possible response combinations)

Summary
We demonstrate a visualization of matched pre- and post-test responses on the CSEM as a tool for better 

understanding and categorizing student response patterns.  We also use a vector analysis method for quantifying 
such comparisons.  These tools have potential uses for both instructors and for addressing research questions.

Motivation
• Multiple choice tests like the Force Concept Inventory (FCI) and the Conceptual Survey of Electricity and 

Magnetism (CSEM), are commonly used for assessment the effectiveness of introductory physics courses [1-3].
• Typical analyses use a binary model of correct and incorrect responses, thus missing significant detail about how 

individual student reasoning changes from pre- to post-test.  E.g. normalized gain, classical test theory, item 
response theory, factor analysis [4-5].

• We wish to provide an easily digestible view of all students’ responses to and from any answer choice.

Data
• Matched responses to CSEM from 2514 Cornell STEM students across 12 semesters.
• CSEM administered online in E&M course as a pre- and post- test in first and final weeks of semester.
• Pre-test average (standard deviation) of 41% (16%).  
• Post-test average (standard deviation) of 61% (20%).

Visualization:  Network-like graphs
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DC = 0.480 
RC = 0.586 
RD = 0.881 
DD = 0.719 
RR  = 0.671 

Pre: 31.4% correct
Post: 46.2% correct

CC = 0.550 

Shows popularity of pre- and post-test responses Node size shows popularity of pre- and post-test responses
Edges show transitions from pre- to post-test responses
Nodes ordered by popularity of post-test response

We designed representative vectors, 
which highlight common pre- to post-test 
response patterns observed in our data.

The CC edge is removed for highlighting 
underlying features of the patterns, and 
for higher orthogonality between vectors.

Dot product between representative 
vector and data vector represents how 
“aligned” they are:
• Value of 0 represents no similarity. 
• Value of 1 represents a perfect fit.

Representative Vectors

Correct to Correct Distractor to Correct Random to Correct

Distractor to Distractor Random to Distractor Random to Random

CC = 0.843 
DC = 0.854
RC = 0.553
RD = 0.609
DD = 0.827
RR = 0.435

CC = 0.252
DC = 0.413
RC = 0.425
RD = 0.717 
DD = 0.721 
RR  = 0.732 

CC = 0.628
DC = 0.612
RC = 0.935
RD = 0.748
DD = 0.457
RR = 0.604

Examples

CC = 0.500
DC = 0.270
RC = 0.480
RD = 0.859
DD = 0.649
RR  = 0.836 

Roughly 40% of students who chose the correct answer (d) pre-test chose the most common distractor (c) on post-test.  
This information is conveyed in the network-like graphs, but not in the histogram.

Question 22 classified as “Random to Distractor” response type. 

Semester Comparison

Semester A Semester B

CC = 0.248 
DC = 0.478
RC = 0.489
RD = 0.664
DD = 0.661
RR = 0.801 

CC = 0.347 
DC = 0.468
RC = 0.665
RD = 0.797 
DD = 0.469
RR = 0.644 

Directly take dot product between two groups of students for same question.  Typically the value is >0.90 (similar).
Here, we show an example of a difference, with a direct dot product of 0.80.

Future work will address the application for showing potential differences in response patterns between different 
demographics such as academic preparation, gender, or underrepresented minorities, for example.

Conclusions
• Network-like graphs provide an efficient detailed view of student performance.
• Using representative vectors and dot products assists and quantifies the analysis.
• Can also take direct dot products between semesters, or any two groups of 

students for understanding any differences in performance or response patterns.
• The analyses presented here can be used for any multiple choice test with pre-

and post-test conditions.
• Future work will address comparisons between groups of students.
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