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Breakpoints

Forward stepping Back-Stepping

Classic execution
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Digression on
codeBoot
- Online code editor 
- Beginner focused
- Executes Python
- Developed at UdeM 
(compiler lab)

3



Why study back-stepping

GDB
(C, C++, D, …)

GHCi
(Haskell)

ocamldebug

(OCaml) RR
(C, C++)

IntelliTrace
(C#, Visual Basic, C++)

But…

No controlled 
study 

evaluating 
back-stepping
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Research questions

• Does back-stepping increase debugging success? (Q1)

• Do programmers think that back-stepping is useful? (Q2)

• What differences in strategies can be observed when different 

stepping features are available? (Q3)
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Study Design

• Within-subject mixed methods study with three conditions:

• No debugger (no breakpoints)

• Step, breakpoints

• Back-step, step and breakpoints

2 slides.
screnshot for each condition.
+ breakpoints in conditions

15/18 instead of 82.6%.

8No debuggerStepBack-step



Study Design
• Bias towards back-stepping: 

• Tasks designed for back-stepping

• Tutorial and time to understand the feature
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• Recruited 18 experienced participants: 

• ≥2 years python

• 8 years of programming experience on average

• 17/18 use visual debuggers once a week

• 20$ compensation



Study Design

CodeBoot 
tutorial

Hello, consent,
demographic Pre Task 1st Task* Post task 

questionnaire

Pre Task 2nd Task* Post task 
questionnaire

Pre Task 3rd Task* Post task 
questionnaire

Interview

10*tasks are counterbalanced



*tasks are counterbalanced

Study Design

CodeBoot 
tutorial

Hello, consent,
demographic Pre Task 1st Task* Post task 

questionnaire

Pre Task 2nd Task* Post task 
questionnaire

Pre Task 3rd Task* Post task 
questionnaire

Interview

Collect programs for bug 
resolution (Q1)

Interviewed participants to 
know their strategies (Q3)

Collect answers for 
debugger usefulness (Q2) 11



Tasks design

Each task has the same structure

4 bugs to find in the 
first half 1 test case/bug

Two evaluation metrics: 
Test-rated and Expert-rated 
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Quantitative findings

13



Qualitative methods

- Linear mixed effects model in R (LMM)
- Analysed:

- Fixed & interaction effects of Condition, Task, and Order
- Participants random effect

- Bronfolli corrections for p-values
- Ensured normality (via Q-Q plots) and homoscedasticity of residuals
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Does backstepping increase debugging 
success? (Q1)
Test-rated success

What about expert-rated success?

Results are not significant
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Does backstepping increase debugging 
success? (Q1)
Expert-rated success

Stepping vs Back-stepping
Almost significant (p=0.0529)

Medium effect size (0.5 bugs/task)

Control vs Back-stepping
Control vs Stepping

Not significant
Not used to codeBoot’s UI

16



Does back-stepping increase debugging 
success? (Q1)

Analyzing the differences…
1. 62% (10/16) of corrections are localized one task

2. 50% (8/16) involve the 1st bug in this task

Test-rated vs Expert-rated success

WARNING: SPECULATIVE
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WARNING: SPECULATIVE
Digression 

Easy “wrong solve”: 
replace by G[current_node - 1]

(but makes the test pass)

Right solve: 
change the returned value
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Test-rated vs Expert-rated success



This difference might be caused by 
“wrong” solves!

WARNING: SPECULATIVE

Maybe back-stepping helps locate the real source of a bug?

Digression 
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Test-rated vs Expert-rated success



Is backstepping perceived as useful? (Q2)

Back-stepping is 
perceived as most helpful to 

identify bugs
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Qualitative findings
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Quantitative methods

- Iterative thematic analysis with affinity diagramming from post-study 
interviews to derive clusters (codes)

- Two coauthors (me and Jingyue) resolve discrepancies until reaching 
consensus
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Removes the fear of “missing the moment”

“[...] the moment you pass it, you say 
to yourself "shit was it that step or the 

step before?"”
(P6)

1. Without back-stepping

“I have to be really careful with going 
forward cause I don’t wanna start all 

[...] over again”
(P10)

2. With back-stepping

“[...] you can really isolate the
place where your change happens".”

(P6)

“[You] have a bit more freedom.”
(P8)

“I don’t have to load up the data again. I 
can just backstep.”

(P15)

Maybe the fear itself is useful?

“if it’s too easy to go back you’ll go faster and it’ll 
take you even more time to find bugs.”

(P1)
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Strategy changed to failure-first navigation

“ I started going straight to the error, and 
then doing step-back”

(P2)

“I launched it, it crashed, I went back up a 
few steps to see what was happening.”

(P8)

Maybe the proactive “failure first” 
strategy hinders understanding

“ just step, stepping, [...] with no constraints” and then 
reflected “it’s more important to read the

code first.”
(P10)

1. Back-stepping changes 
debugging strategies 2. Without back-stepping, more 

breakpoints and prints

“[when] there was no stepping back, I had 
to use breakpoints”

(P8)

“You have to modify the code, [...] and 
afterwards you have to clean up”

(P9)
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Lack of visual feedback makes backstepping 
hard to master

“it didn’t occur to me that I wanted to 
review something that was happening. I 

think I was too lost”
(P3)

“I lost time relaunching my code when I 
could have done four backward steps”

(P8)

Suggesting that the difficulty of mastering back-stepping comes from the 
misunderstanding of one’s position in the dynamic execution

1. The extra backward dimension 
needs time to master 2. Participants asked for visual 

feedback

“But just materializing [the stack] somewhere 
visually.”

(P4)

“What would be good, is to have a 
preview.”

(P6)
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Conclusion
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1. Perceived as the most useful debugger feature

2. Almost significant for expert-rated success when 
comparing stepping and back-stepping (p=0.0526) 

Conclusion
We performed a within-subject study with 3 conditions to study back-stepping.
We present the first positive result towards backstepping.

Quantitative results Qualitative results
1. Removes the fear of “Missing the moment”

2. Changes debugging strategies to failure-first 
navigation and backtracking

3. The lack of visual feedback makes back-stepping 
hard to master
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