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Code Snippet
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Developers often search for high-quality, 
reusable code snippets online
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Users from 80 countries garnered 15,865 queries 
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Code Readability
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It is a human judgment of how easy a text is
to understand (Buse et al., 2010)



Readability
Models
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The readability models aim to
measure the effort required to read

code on single snapshots
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ASAT

Rule
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Set of metrics
that can identify potential

readability violations in code
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Automated Code
Readability

Improvements



Most readability models don't accurately
reflect the real-world code improvements
made by developers.
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Limitations
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Limitations
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Limitations
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Objectives



Large Language
Models

ChatGPT
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LLMs can also be used to generate
code snippets for the developers.



However

 The quality of its code suggestions is still
uncertain and requires further evaluation
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Objectives
Compare the readability warnings identified
by SonarLint in code snippets generated by
LLMs with those authored by human
developers on Stack Overflow



Selecting Developer
Input Queries
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Users from 80 countries garnered 15,865 queries 
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ChatGPT

349 SELECTED QUERIES 

01



Code Snippet Extraction from Stack
Overflow and LLM Models

Page 24

ChatGPT 3.5
SO post IDs with code
snippet recommended by
CROKAGE

349 SELECTED QUERIES 

Query + “in Java”

02

ChatGPT 4o



Assessing Semantic Adherence of
ChatGPT Code Snippets with Input Queries

4
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Query + Code Snippet

Semantic Adherence != Correcteness
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Assessing Semantic Adherence of
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327 OUT OF 349 CODE
SNIPPETS ARE 

SEMANTICALLY ALIGNED
WITH THE 

DEVELOPER’S QUERY

03



Identifying Code Readability Issues

107 Code Smell Rules 
5,910 warnings detected

1,635 code snippets

Page 27

04

ChatGPT



Identifying Code Readability Issues

107 Code 
Smell Rules

2

77 Readability
 Rules
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1 READABILITY

NON-READABILITY

Semantic LabelsSyntactic Scope

METHODS CLASSES

ATTRIBUTES

COMMENTSEXCEPTIONS

04



RESULTS

29%66%

225623

3 10

4 12

62 102

181 232

Avoid Commented 
Code
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SIGNIFICANT MORE
READABILITY  WARNINGS

THAN LLMS

3.5 4o

24%

151 261 198

34% 31%

SIGNIFICANT MORE
READABILITY  WARNINGS

THAN GPT 4O



RESULTS

74%68%

16%13%

3 10

4 12

62 102

181 232

Avoid Commented 
Code
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3.5

84%

5%

14% 16%

79% 74%

GENERATE FEWER
UNREADABLE CODE

SNIPPETS THAN
EXPECTED

Readable

Unreadable

Undetermined 18%

4o

10%

11%

7% 10%

GENERATE MORE
UNREADABLE CODE

SNIPPETS THAN
EXPECTED



RESULTS

Page 31 HIGHER LOC AND
COGNITIVE COMPLEXITY

DO NOT NECESSARILY
MEAN UNREADABLE

CODE.



RESULTS
77 Readability

 Rules

Page 65 Use Naming
Conventions

Convention

Follow Code
Style

Conventions

Replace
Magic Literals

Clarify Code
Intent

Avoid
Shadowing

Remove
Useless Code

Clean Up

Use Proper
Modifiers

Improve
Regex 

Remove
Commented

Code

Use Static
Properly

15 Rules

6 Rules 4 Rules

Refactor
Complex Logic

Improve Code
Modularity

Remove
Duplicate Code

5 Rules

4 Rules1 Rule13 Rules

15 Rules

1 Rule

23 Rules

4 Rules 2 Rules 3 Rules 4 Rules 5 Rules

Improve
Naming

2 Rules

Avoid Nested
Structures

2 Rules

Follow
Conditional

Conventions
5 Rules

Use Specific
Exceptions

1 Rule

Limit Variable
Scope

1 Rule

Eliminate
Redundancy

Prefer Concise
Code

Simplify
Lambdas

19 Rules

9 Rules 4 Rules

Merge
Redundant

Blocks
2 Rules

Use try with
resources

1 Rule

Prefer Built-in
Methods

3 Rules



RESULTS

6%16%

2490

Page 33

3.5 4o

6%

26 31 54

7% 12%

Clarify
Code
Intent

List list = new ArrayList(); @Override

hardcoded string literals[0-9]*$



RESULTS

9%21%

3591
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3.5 4o

3%

12 17 26

4% 6%

Prefer
Concise
Code

<> diamond operator anonymous class<> diamond operator

anonymous class



RESULTS

18%40%

155303
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3.5 4o

13%

98 209 97

24% 16%

Clean Up

useless code

commented code

useless code useless codeuseless code useless code



RESULTS

0,1%16%

7130
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3.5 4o

0,2%

11 3 14

0,1% 0,2%

Convention

Naming Convention
Style Convention



RESULTS

0,1%0,1%

49

Page 33

3.5 4o

0,1%

4 1 7

0,1% 0,2%

Improve
Code

Modularity
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77 Readability

 Rules

Parameters

Modifiers and
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Attributes
(Fields)

4 Rules

2 Rules

3 Rules4 Rules
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Methods
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Comments
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12 Rules
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3 Rules

Constants

1 Rule
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6 Rules
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7 Rules
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4 Rules
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4 Rules
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RESULTS
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3.5 4o

Local
Variables

36%

Assignment

30%

Generics

14%

Local
Variables

15%

Assignment
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Generics
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Local
Variables
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RESULTS
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<> diamond operator
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anonymous classes

method reference



Discussion
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CROKAGE frequently suggests Stack Overflow posts that are
linked to the specific context of their corresponding thread.

LLMs tends to provide more generalized responses, not linked to
a particular context.



Discussion
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The code snippets generated by ChatGPT often exhibit
consistent patterns in terms of code readability issues.

Stack Overflow, being a platform where multiple users contribute
to posting code snippets, exhibits more diversity or variation in

terms of coding styles, conventions, patterns, or structures.



How developers
perceive Code

Readability?
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Linters rely on predefined rules and may not fully capture
how developers perceive code readability in practice.
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Pull Requests (PRs)

 PRs promote a peer code review
process

Developers could detail code
changes in PR comments to 
help reviewers understand.



Mining Candidate Pull Requests

10 stars
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1

Candidate 
Pull Requests

Recently
Modified 

READABILITY1

UNDERSTANDABILITY2

LEGIBILITY3 “READABILITY”
KEYWORKD MENTIONED

IN MAJORITY OF THE
CASES



Selecting Readability-focused
PRs from Candidates
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Candidate 
Pull Requests

2

Pull Requests focused on
Code Readability

Improvements

Readability Focused PRs

User-Facing readability PR

Unexplained Readability PR

Tangled PR



Collecting the Types of Code
Readability Improvements

Page 47

3

1

2

PR HYPERLINK

DETAILED DESCRIPTIONS

3 CODE DIFF

Pull Requests focused on
Code Readability

Improvements

437 CODE READABILITY
IMPROVEMENTS 

456 CODE READABILITY
IMPROVEMENTS 



Classifying the Types of Code
Readability Improvements
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4

91% agreement 
(74% first round)

88% agreement
(76% first round)



RESULTS
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IMPROVE
CODE

MODULARITY

IMPROVE
CODE

FORMATTING

READABILITY++

CLARIFY
CODE
INTENT

CLEAN UP

IMPROVE

DOCUMENTA
TION

PREFER

CONCISE CODE

44 TYPES OF CHANGES 

38 TYPES OF CHANGES 



RESULTS

48%

45%
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CLARIFY
CODE
INTENT

“Renamed variable names to enhance readability”

“This PR changes ‘graphconverter.py‘ by using
constants instead of hard-coded strings”

“Split up some single lines of code to make it
easier to read”



RESULTS
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CLARIFY
CODE
INTENT

Improve Naming

Extract Variable

Include Modifiers and
Annotations

Extract Literals to 
Constants

Clarify Test Intent

Replace Lookup
with Dict

Include Type Hints
and Named
Parameters

Prefer Positive
Conditions

Improve Regex

Apply Early Return

Replace Ternary
With if/else

Clarify Numeric
Constants

Add Parenthesis
for Clarity

Extract Literals to
Enumerated Values

Add Parenthesis
for Clarity

Prefer Specific
Exception Handling

Replace Generic With
Specialized API

Clarify Positional
Indexing

Use domain
specific types to

clarify intent

Encapsulate
Private Logic



RESULTS

25%

31%

Page 52

“Improve readability by removing boilerplate
code.”

“The anonymous classes were converted to
lambda at the places where it improves
readability and decreases the lines of codes”

“Split up some single lines of code to make it
easier to read”

PREFER

CONCISE CODE



RESULTS
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Prefer Built-in Methods

Improve String
Formatting

Simplify Object
Construction and

Conversion

Collapse Boolean
Return

Simplify Import
Statements

Reduce Conditional
Nesting

Favour Diamond
Operators

Replace Lambda
With Method

Reference
Inline Temporary

Variables
Replace Switch

With if-else

Unwrap Unnecessary
Else

Prefer Idiomatic
Conditions

Replace Anonymous
Classes With

Functional Style

Prefer Idiomatic
Iteration

PREFER

CONCISE CODE
Prefer Structured

Resource Management

Replace if-else with
Switch



RESULTS

15%

19%
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“We better clean up duplicated code and
enhance code readability.”

“removing unnecessary method calls indirections
and resulting unused methods”

“Cleanup unused imports”

CLEAN UP



RESULTS
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Remove Duplicate CodeRemove
Commented Code

Remove
Unnecessary Throws

Remove Unused
Imports

Remove Useless
Parameter

Remove Unused
Method/Chunk of

Code

Remove Unnecessary
Annotation or Modifier

Remove Unused 
Field of Variable

CLEAN UP



RESULTS

15%

19%
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“Split long functions into multiple logical units”

“Splitting the ‘linter.py‘ and formatters in separate
files”

“Use a proper builder pattern for `SourceTestStep`
and `SinkTestStep` ”

IMPROVE
CODE

MODULARITY



RESULTS
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Extract Method from
Large Function

Move Logic to Another
File Extract Logic to

Dataclass

Use Builder Pattern

Extract Lambda Into
a Named FunctionIMPROVE

CODE
MODULARITY



RESULTS

25%

14%
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“Add comments between logical blocks”

“Rewrites comment to read better”

“fixing some comment typos”

IMPROVE

DOCUMENTA
TION



RESULTS
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Include new Comments

Clarify CommentsIMPROVE

DOCUMENTA
TION



RESULTS

16%

10%
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“Moves functions around to be in a more intuitive
place”

“use line-length=120 for better code readability”

“adding spaces where recommended by PEP8).”

IMPROVE
CODE

FORMATTING



RESULTS
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Limit Line Length

Format Spacing
(Python Black)

Explicit Imports

Standardize
Indentation

Reorder Elements

Use Pep Standard
GuidelinesIMPROVE

CODE
FORMATTING



Discussion
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1 BREAK LONG LINES

2 INDENTATION

IF/ELSE CODE STYLE3

1 REPLACE GENERIC APIS

2 CONSUME LANGUAGE API

IMPROVE NAMING3



Automated
Improvements
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Although significant progress has been made in assessing if the
code is readable or not  and in identifying code fragments that

could potentially be improved, this does not guarantee that
developers will actually improve the readability of the code.



Automated
Improvements
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Prompting LLM for Readability Improvements

616 New
Code

Snippets

217
affected

Code
Snippets

115
affected

Code
Snippets

105
affected

Code
Snippets

98
affected

Code
Snippets

81
affected

Code
Snippets

[CODE_SNIPPET][SONARLINT_WARNINGS]
616 New

Code
Snippets

616 New
Code

Snippets



Prompting LLMs
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RESULTS

70%

Page 66

GPT IS THE LEAST
EFFECTIVE LLM IN

CORRECTING
WARNING

79%77%Corrected

Not Corrected

Introduced

15%

15%

11%

12%

12%

9%
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Clean Up

17~25% of code snippets not corrected or introduced new warnings

Remove unused code often introduce new warnings



RESULTS
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Clarify
Code Intent

LLMs actually corrected the code or simply
removed the portion that raised the SonarLint warning

Warnings addressed with single prompt



RESULTS
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Prefer
Concise Code

Most of the Prefer Concise Code rules were successfully addressed
using a single prompt

Some rules could apply sequentially



RESULTS
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Convention

LLMs often suggested names that follow conventions

Even large classes and long methods were refactored

Improve Code
Modularity



Conclusions

Page 71

LLMs can generate code with significant fewer readability warnings
than human-written code from Q&A platforms such as Stack Overflow

56 docummented types of code readability improvements (26 shared, 12 for
Python and 18 for Java)

While LLMs proved to be useful as annotators, code generators, and for
refactoring tasks, they are heavily dependent on well-crafted prompts and
rich contextual information.
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ChatGPT
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