
Assessing the Quality of the 
Steps to Reproduce in Bug Reports

27th ACM Joint European Software Engineering 
Conference and Symposium on the Foundations of 

Software Engineering (ESEC/FSE’19)

Wednesday, August 28th, 2019

Oscar 
Chaparro

Carlos
Bernal Jing Lu

Kevin 
Moran

Andrian
Marcus

Massimiliano
Di Penta

Denys
Poshyvanyk

Vincent
Ng

William & Mary
University of  Texas at Dallas

University of Sannio



REPORTING SOFTWARE BUGS

Users and developers report bugs when software does not behave as expected



REPORTING SOFTWARE BUGS

Users and developers report bugs when software does not behave as expected



REPORTING SOFTWARE BUGS

Users and developers report bugs when software does not behave as expected



COMPONENTS OF A BUG REPORT

MetaData



COMPONENTS OF A BUG REPORT

Attachments



COMPONENTS OF A BUG REPORT

Description



STEPS TO REPRODUCE (S2RS)

Description



STEPS TO REPRODUCE (S2RS)

Description



STEPS TO REPRODUCE ARE OFTEN…



STEPS TO REPRODUCE ARE OFTEN…

Missing



STEPS TO REPRODUCE ARE OFTEN…

Missing Ambiguous



STEPS TO REPRODUCE ARE OFTEN…

Missing Ambiguous Incomplete



THE GITHUB ISSUE PETITION



THE GITHUB ISSUE PETITION



THE GITHUB ISSUE PETITION



THE IMPACT OF LOW-QUALITY S2RS

Non-Reproducible Bugs
[Erfani Joorbachi et.al., MSR’14]

Unfixed Bugs
[Zimmerman et.al., ICSE’12]



THE IMPACT OF LOW-QUALITY S2RS

Non-Reproducible Bugs
[Erfani Joorbachi et.al., MSR’14]

Unfixed Bugs
[Zimmerman et.al., ICSE’12]



THE IMPACT OF LOW-QUALITY S2RS

Non-Reproducible Bugs
[Erfani Joorbachi et.al., MSR’14]

Unfixed Bugs
[Zimmerman et.al., ICSE’12]

Additional Bug Triage
[Breu, et.al., CSCW’10 

& Zimmerman, et. al., ICSE’12] 

Delay in Bug Resolution
[Guo, et. al., ICSE'10 

& Zimmerman, et. al., ICSE’12] 
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EULER: ASSESSING THE QUALITY OF S2RS

Bug 
Report EULER Quality Report Reporters

Euler is able to detect:
1) Missing Steps
2) Ambiguous Steps
3) Steps with Unexpected Vocabulary
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Approach: neural sequence labeling + dependency parsing
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MODEL INPUT + DATASET LABELS

Beginning-Inside-Outside (BIO) tagging

Paragraph	1:	

Sentence	1.1	à [O]		
Sentence	1.2	à [B-S2R]	
Sentence	1.3	à [I-S2R]	
Sentence	1.4	à [I-S2R]	
Sentence	1.5	à [O]	
Sentence	1.6	à [O]	

Paragraph	1:	

Sentence	1.1	
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Sentence	1.3	
Sentence	1.4	
Sentence	1.5	
Sentence	1.6	

S2Rs
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…

…
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O

B-S2R

….
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Labels

Conditional 
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(CRF)



S2R:[action][object][preposition][object2]

User	operation Direct	entity Related	entityRelationship

S2R FORMAT

“When	I	create	an	entry	for	a		
purchase,	the	autocomplete	list	shows	up”

S2R:[create][entry][for][purchase]



DEPENDENCY PARSING

“When	I	create	an	entry	for	a		
purchase,	the	autocomplete	list	shows	up”

S2R:[create][entry][for][purchase]
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Application Installer Execution Model
Execution 
Database
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EXECUTION DATABASE TRANSFORMATION

Execution database Execution Model (EM)

𝐸𝑀 = (𝑉, 𝐸)

� :	App	screens𝑉  � App	interactions𝐸:  

𝑣 ∈ 𝑉 = (𝐺𝐶, 𝐻) 𝑒 ∈ 𝐸 = (𝑣𝑥, 𝑒, 𝑐,  𝑣𝑦)

𝐺𝐶:Set	of	GUI-components

� :𝐻 Component	hierarchy

𝑣𝑥: Source	screen
𝑒: Event	(tap,	swipe,	etc.)
𝑐:
𝑣𝑦:

Component	from	� 	𝑣𝑥
Target	screen
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COMPONENT RESOLUTION & QUERY FORMULATION

S1:	[press]	[‘Go	to…’]

Individual S2R

S1:	[enter]	[‘10’]	[on]	[price]
S1:	[set]	[price]	[to]	[’10’]

q1:	press	+	Go	to…	
q2:	Go	to…

Queries

q1:	price

Resolved Component

Matching 
Algorithm
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S2R EXECUTION & INFERENCE

[press]	['Go	to...‘]	
[type]	[number]	
[press]	[‘Go‘]

Matched S2Rs to 
app interactions

[press]['Go	to...‘]	
[scroll	down]	
[tap][‘Enter	number’]	
[type][number]	
[scroll	up]	
[press][‘Go‘]

Inferred Missing 
StepsExecution Paths



S2R QUALITY ANNOTATION

[press][‘Go	to...‘]	
[type][number]	
[press][‘Go‘]	
[scroll	down]

Matched S2Rs to 
app interactions

Quality Report
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EVALUATING EULER

24 bug reports: 
• 5	crashes	
• 14	functional	
• 5	look-n-feel

6 Android apps: 
• GnuCash	
• Mileage	
• Schedule	
• …

12 evaluators: 
• MS	and	PHD	

students	
• B.	Analyst	
• …



RESEARCH QUESTIONS

RQ1: What is the accuracy of Euler in Identifying 
and Assessing S2Rs?

RQ2: How useful are Euler's Reports?
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GENERATING IDEAL REPRODUCTION SCENARIOS

Bug Reports
Reproduction 

Scenarios
Video 

RecordingsBug Replication
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EXTERNAL EVALUATION OF EULER

Quality Reports

Video 
Recordings

Evaluators

• Correct/Incorrect 
S2Rs and 
Annotations 

• Usefulness/Quality of 
the Feedback
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• Identified S2Rs: 85/89 (98%) are correctly identified 

• Quality annotations: 91/124 (73%) are correct 

• Inferred missing S2Rs: 
• 92/158 (58%) are correctly inferred 
• 5/7 steps for bug report (on avg)
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• Inferred missing S2Rs: 
• 92/158 (58%) are correctly inferred 
• 5/7 steps for bug report (on avg)

Euler assesses the quality of S2Rs with high accuracy
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7%

15%

87%

83%

6%

1%

Comp.

Useful.

100 50 0 50 100
Percentage

Response Disagree Somewhat disagree Not agree nor disagree Somewhat agree Agree

Euler’s quality reports are both easy to understand and would 
prove helpful when writing bug reports
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PARTICIPANT FEEDBACK

“EULER’s S2Rs are pretty descriptive and 
would guide the user to complete better the 

bug description” “Developers/maintainers would find 
this tool *very* useful for their 

debugging process”

“EULER correctly flags words such as ‘find’ 
and ‘fix’ that do not directly translate to an 

app action”.
“[The missing steps] help avoid 

the guessing part when 
reproducing the bug”
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https://www.kpmoran.com
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S2R RESOLUTION

𝑣𝑥 ∈ 𝑉 = (𝐺𝐶, 𝐻)

S1:	[press]	[‘Go	to…’]

Individual	S2R

App	state	(screen)

𝑒1 ∈ 𝐸 = (𝑣𝑥, 𝑒, 𝑐,  𝑣𝑦 = 𝑛𝑢𝑙𝑙)
Resolved	interaction

S1:	[tap]	on	[‘Go	to…’]	button



TEXTUAL SIMILARITY MEASURE

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝑠1, 𝑠2) =
𝐿𝐶𝑆(𝑠1, 𝑠2)

𝑎𝑣𝑔( 𝑠1 , 𝑠2 )

• � 	and	� 	are	two	term	sequences	
• � 	is	the	Longest	Common	Substring	(at	term	level)	
• � 	is	the	average	length	of	both	sequences

𝑠1 𝑠2
𝐿𝐶𝑆(𝑠1, 𝑠2)
𝑎𝑣𝑔( 𝑠1 , 𝑠2 )



GUI COMPONENT RESOLUTION EXAMPLE

S1:	[search]	[number]

Individual	S2R

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(′�𝑠𝑒𝑎𝑟𝑐h 𝑛𝑢𝑚𝑏𝑒𝑟′�,  ′�𝑠𝑒𝑎𝑟𝑐h′�) =  
′�𝑠𝑒𝑎𝑟𝑐h′�

𝑎𝑣𝑔(2,1)
=

1
1.5

= 0.67

Screen



SYSTEMATIC APP EXPLORATION

Exploration	StrategiesGUI	Ripping	à GUI	hierarchy

Top-down Bottom-up

Execution	database:	
• App	activities/screens	
• Sequential	GUI	interactions
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COMPONENT MATCHING ALGORITHM

• For	each	component	in	the	screen:

• Compute	its	textual	similarity	with	the	query
• If	the	similarity	is	high	enough	(>0.5)
• The	component	is	selected	as	candidate

• Return	the	top	candidate	or	reformulate	the	query	
using	synonyms



S2R MATCHING

[press]	['Go	to...‘]	
[type]	[number]	
[press]	[‘Go‘]

[press]	['Go	to...‘]	
[type]	[number]	
[press]	[‘Go‘]

Individual	S2R

Execution	Model

Matched	S2Rs	to	app	interactions
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• Starting	from	a	state/screen	in	the	graph:	
• Select	the	adjacent	states	within	n	levels	
• Resolve	the	S2R	on	each	state	
• Match	the	resolved	actions	against	the	graph	
transitions/interactions	

• Return	the	closest	matched	interaction	to	the	
starting	state
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