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 The OpenDSA System 

 Identifying Difficult Topics 

 Through logged Data Analysis 

 Through Item Response Theory 

 Through Instructor Survey 

 Why Algorithm Analysis is Hard? 

 Future Work 

 

 



The OpenDSA System 
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 Interactive eTextbook infrastructure and a body of content. 

 Automatically graded interactive exercises and visualizations. 
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Identifying Difficult Topics 
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 To develop appropriate interventions and better allocate course resources. 

 Analyzing exercise answers: 

 OpenDSA log data 

 Exercise correct ratio 

 Using hints and guessing 

 Item Response Theory  

 143 students enrolled in a CS3 course in Virginia Tech during Fall 2014. 

 OpenDSA exercises accounted for 20% of total grade. 

  



Analysis of Correct Answer Ratios 
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 OpenDSA adopts a mastery level approach. 

 A Student’s performance on an exercise is assessed by: 
 

 

 

 Each exercise’s difficulty level is assessed by: 
 



Analysis of Correct Answer Ratios (Cont.) 
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 Min: 0, Max: 0.72 

Quartile Difficulty Level Range Topics 

Fourth dl > 0.25 22 / 26 Algorithm Analysis 

Third 0.13 ≤ dl ≤ 0.25  14 /25 Algorithm Mechanics 
10 /25 General course concepts 

Second 0.05 ≤ dl < 0.13  23 / 25 Algorithm Mechanics 

First dl < 0.05  Algorithm Mechanics 



Analyzing Hint Use and Guessing 
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 Harder exercises are expected to show a higher rate of hint use and trial and 
error. 

 Hint ratio is defined as: 

 

 

 Incorrect ratio is defined as: 



Analyzing Hint Use and Guessing (Cont.) 
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Topic Hint Ratio Incorrect Ratio 

Algorithm Analysis 0.24 0.77 

Tree Overhead Analysis 0.78 0.73 

Quicksort Analysis 0.32 0.67 

Mathematical Background 0.25 0.63 

Shellsort  0.16 0.61 

List Overhead Analysis 0.93 0.60 

Quicksort partition 0.27 0.58 

 Fourth Quartile: 

 First Quartile exercises are related to linear structures. 



Item Response Theory Analysis 
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 A theory of testing that relates student performance on an individual item to 
his/her overall ability. 

 IRT curves: 

 Item Characteristics Curve (ICC). 

 Item Information Curve (IIC). 

 Test Information Function (TIF). 



Item Response Theory Analysis (Cont.) 
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 Each chapter was treated as a test with exercises as items. 

 Exercise difficulty ratios were dichotomized. 

 r ≥ 0.75 ---------- 1 

 r ≤ 0.75 ---------- 0 

 1PL model was adopted.  



Item Response Theory Analysis (Cont.) 
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Algorithm Analysis Binary Trees Linear Structures Sorting 

 Overall 21 / 100 exercises discriminates between above average students. 

 19 of these 21 are related to Algorithm Analysis.  



Instructor Survey Results 
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 A survey was sent to CS3 instructors through SIGCSE mailing list. 

 23 instructor responses were analyzed. 

 
Topic # of instructors Percentage 

Dynamic Programming 7 18 

Algorithm Analysis 6 15 

OOP and Design 6 15 

Recursion 4 10 

Trees and Heaps 3 7 

Proofs 3 7 



Why Algorithm Analysis is Hard? 
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 OpenDSA logs were analyzed for 3 universities to see the time spent in 
Algorithm analysis content for the sorting chapter. 

University Module N Mean (Sec) % < 1 min 

Virginia Tech Insertionsort 98 63.57 74.48 

Mergesort 96 39.79 78.12 

Quicksort 92 64.71 73.91 

Texas El Paso Insertionsort 26 49.84 80.76 

Mergesort 22 41.45 77.27 

Quicksort 16 16.18 93.75 

Florida Insertionsort 53 40.39 84.90 

Mergesort 44 18.63 95.45 

Quicksort 39 26.12 92.30 



Why Algorithm Analysis is Hard? (Cont.) 
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 84 students were surveyed at the end of Fall 2014 in Virginia Tech: 

Algorithm 
Mechanics 

Easier 
86% 

Algorithm 
Analysis 
Easier 
14% 

Which is easier? 

Material 
78% 

Presentation 
Style 
22% 

Reason 



Why Algorithm Analysis is Hard? (Cont.) 
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Future Work 
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 Towards Visualizing Algorithm Analysis content in OpenDSA. 

 28 visualization were developed for the Algorithm Analysis Introduction and 
Sorting chapters. 

 Preliminary results indicate higher student engagement and better student 
performance. 
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Worst case 
Insertionsort 

Mergesort 

Selectionsort 

Best case 
Quicksort 



18 Friday, July 1, 2016 EDM 2016     Identifying Difficult Topics in a Data Structures Course Using Item Response Theory and Logged Data Analysis 


