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Programming is Hard
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The Importance of Feedback
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But This Takes Timel!
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Researc
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What We Currently Have

C:AWINDOWS\system32\cmd.exe

A7,85,20085 10:44 AM {DIR>

A7,85,2005 10:44 AM 273

87,85,2005 160:44 AM 381
2 File<(s> 1.354
2 Dirdsd 2.029.604.864

C:\cayNcompilerlab>javac CashRegisterTe

CashRegisterTester.java:8: cannot find

symbol : class Scanner

location: class CashRegisterTester
§canner in = new Scanner{System.]

CashRegisterTester.java:8: cannot find

symbol : class Scanner

location: class CashRegisterTester
Scanner in = new §canner(8ystem.i

CashRegisterTester.java:15: cannot find

symbol : variable register

location: class CashRegisterTester
double change = Kegister.giueChan

3 errors

C:\cay\compilerlab>
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And more...

e Knowledge Modeling
— Syntax Patterns
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The Solution Space

Each node is a solution state that a student
might reach,
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Our Approach

Feedback Creation
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Step 0O: Solution Space Setup




Human-Computer Interaction Institute

School of Computer Science, Carnegie Mellon University




Human-Computer Interaction Institute

School of Computer Science, Carnegie Mellon University




Program Normalization

e Remove dead code and comments

e Variable propagation
e Commutative Expressio
e Anonymize
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Program Normalization

Original Student Program Normalized Version

def findPattern(s, pattern, startindex): def findPattern(s, pattern, star

| = len(s)
foriin range(l):
if (find
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Program Normalization

Original Student Program Normalized Version

def findPattern(s, pattern, startindex): def findPattern(s, pattern, st
| = len(s) foriin range(
foriin range('): if (fi
if (findPatternAtindex(s, patt

startindex + i
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Program Normalization

Original Student Program Normalized Version

def findPattern(s, pattern, startindex):  def findPattern(s, pattern
foriin range(len(s)): foriinran

if (findPatternAtindex(s, pattern, '

):

startindex + i)

returni + st
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Program Normalization

Original Student Program Normalized Version

def findPattern(s, pattern, startindex):  def findPattern(s, patt
foriin range(len(s)):

if findPatternAtindex(s, pattern,

startindex + i):

return
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Program Normalization

Original Student Program Normalized Version

def findPattern( , pattern, -torincx):  def findPattern(
for inrange(len( )): for i

if findPatternAtindex( , pattern,

startindex + i):

, Vv
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Step 1: Find Optimal Learning
Progression
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Insert New State




Finding the Best Path

e Distance function
— Tree edits

— Levenshtein string di

— Feature
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Step 2: State Transition - Edits

e Deletions: ([code lines], [])
— Semantically unnecessary code

e Changes: ([code fragment], [code fragment])

— Switching from one version to another

e Additions: ([], [code lines])
— Missing a step in the solution
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State Transition - Trace

Index-2
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Step 3: Generating Individual
Feedback
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Levels of Hints

: What line needs to be changed?
— Make a change in

Content: Which code
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The Feedback Doesn’t Match

23 def findPattern(s, pattern, startindex):
24 | =len(s)

25 foriin range(l):

26 if findPatternAtindex(s, pat

27 return i

28
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But it’s Normalized!

23 def findPattern(vO, v1, v2):

24 for v3 in range(len(v0)):

25 if findPatternAtindex(vO, v1, v2 + v
26 return v3

27 return-1
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Undo the Transformations




Many to One
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Unrolling the Trace

Index-1

l v3
Index-0
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Index-0
- def findPattern(s, pattern, startinde

foriin range(len

Index-1

Index-0
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Mapping the Transformations?

e Deleted lines

e Extra code
e Reordered expressi
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Overview

Feedback Creation
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Research Question

e Automatically generate feedback
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Research Question

e Automatically generate feedback

e ...inorder to ma
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Wotk ¢
' How to Measure?

e Rate relevance of messages
— Relation to test results

— Targeted solution
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For students, we hope...

e Help them squash ‘impossible’ bugs

e Recommend how correct solutions can
become better
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For teachers, we hope...

e Help them target struggling students

e Discover missing knowledge components
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Discussion

e Limitation: reliance on previously collected
data

e Learningt
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Next Steps

e Generalize for many teachers...

e ...and otherla
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Questions?

oY
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Time on Task

Stoppers Tinkerers Movers

Perkins & Martin, 1986; Jadud, 2006
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