.
Q) deepseck (Gemini

@ ChatGPT

¥ d E
Code Readability Assessment and Improvement:

Human and Automated Perspectives

s 4
wWak

Carlos Eduardo C. Dantas Marcelo de Almeida Maia
carloseduardodantas@iftm.edu.br marcelo.maia@ufu.br

http://carloseduardoxp.github.io

Universidade
' }| Federal de
Uberlandia

http://isel.ufu.br/

ISEL

Intelligent Software
Engineering Lab



https://iftm.edu.br/eventos/epd2024/

Code Snippet </>

arr.splice(index, @, item); will insert item into arr at the specified index (deleting @
Items first, that is, it's just an insert).

Developers often search for high-quality,
reusable code snippets online

In this example we will create an array and add an element to it into index 2;

var arr = [];

arr[e] "Jani";
arr[1] "Hege";
arr[2]
arr[3]
arr[d]

"Hai Jim";
1 EII:J T";I o n |

console.log(arr.join()); // Jani,Hege,hStale,Kai Jim, Borge
arr.splice(2, @, "Lene");
console.log(arr.join()); // Jani,Hege,Lene,Stale,Kai Jim,Borge

ORI Fess Ry e =8 [7 Expand snippet
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CROKAGE: effective solution recommendation SR
for programming tasks by leveraging
crowd knowledge

updates

Rodrigo Fernandes Gomes da Silva'! - Chanchal K. Roy? -
Mohammad Masudur Rahman? - Kevin A. Schneider? . Klérisson Paixao' -
Carlos Eduardo de Carvalho Dantas' - Marcelo de Almeida Maia’

Improved Retrieval of Programming Solutions With
Code Examples Using a Multi-featured Score

Rodrigo F. Silva®, Mohammad Masudur Rahman®, Carlos Eduardo Dantas®-~,
Chanchal Rov®. Foutse Khomh®, Marcelo A. Maia®
U Facwlty of Compuling, Federal University of Ubertandia, Hrazid

" Faculty of Computer Science, Dalhousie University, Canad,
“Institute Federal do Tridnguloe Mineiro, Brazil
“Deparitment of Computer Science, University of Saskatchewan, (

chndgque de Montréal, Canada
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Task:

Mum. of Answers:

Crokage

how to sum numbers in java

10

e 5 L1

How do you like the overall result?

* % % % X

(‘Postia: 17846344

=

In java-& you can use streams.

s b

int[] a = {1@,28,30,40,50};
int sum = IntStream.of(a).sum();

System.out.println{"The sum is " + sum);

Output:
The sum is 130.

I's in the package java.util.stream

import java.util.stream.*;

| Postid: 22078932 @M O
| use this:

public static long sum{int[] i arr)

L
long sum;

int i;

for{sum= @, i= i arr.length - 1; @ <= i; sumé= i arrfi--]);

return sum;




CROKAGE: A New Way to

Search Stack Overflow

D |
000 [[1]]
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Users from 80 countries garnered 15,865 queries
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usage examples

' # i
RESEARCH ARTICLE WILEY oﬁﬂﬁkmgﬁPl
(for each API)

APISonar: Mining API usage examples Compute rank
API similaritv

Readability
Andre Hora Reusability

Department of Computer Science, Federal
University of Minas Gerais, Belo
Horizonte, Brazil

Correspondence
Andre Hora, Department of Computer
Science, Federal University of Minas Rank API

Gerails, Belo Honzonte, Brazil. EXHITIp'ES
Email: andrehoraf@doc.ufmg. br

Contents lists available at ScienceDiraect

SOFTWARE

The Journal of Systems & Software

journal homepage: www.elsevier.com/locate/jss

Characterizing top ranked code examples in Google”

Andre Hora
Pq g e 7 Department of Computer Science, Universidade Federal de Minas Gerais (UFMG). Belo Horizonte, Brazil




{/> Code Readability

It Isa human judgment of how easy a text Is
to understand (Buse et al., 2010)
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Readability
Models

The readability models aim to
measure the effort required to read
code on single snapshots

Page 9

A Comprehensive Model for Code Readability

" W " - - l? - 1 P
Simone Scalabrino', Mario Linares-Vasquez?, Rocco Oliveto', and Denys Poshyvanyk®

L University of Molise, Pesche (IS), Italy
2 Universidad de los Andes, Bogotd, Colombia

3 The College of William and Mary, Williamsbure, Virginia, USA

A Model to Detect Readability Improvements
Changes

Devijeet Roy Sarah Fakhoury John Lee
Washington State Washington State Washington State
University University University
Washington, USA Washington, USA Washington, USA
devjeetroy@wsu.edu sarah.fakhoury@wsu.edu john klee@wsu.edu

in Incremental

Venera Arnaoudova
Washington State
University
Washington, USA
venera.arnaoudova@wsu.edu




Rule

JARY:Y B sonarlint
s o Array designators "[]" should be on the type, not the variable

{2;\ Code Smell Minor Quick Fix ‘ conventon

Set of metrics
t h a t Ca n |d e n tlfy pOte n tl a | Array designators should always be located on the type M Otherwise, developers must look both at the type and
the variable name to know whether or not a variable Is an array.
readability violations in code

Noncompliant Code Example
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Using Deep Learning to Automatically

Automated Code Improve Code Readability
Readability
Improvements

Antonio Vitale, Valentina Piantadosi, Simone Scalabrino. Rocco Oliveto
STAKE Lab @ University of Molise, Italy
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We presented an empirical study investigating the correla-
tion between code understandability and 121 metrics related
iself, to the documentation available for it, and

to the developer understanding it. We asked 46 developers
to understand 50 Java snippets, and we gathered a total of

324 evaluations. We assessed the perceived and actual partic-

O O O . , . ; .
LI m It at I o n s ipants’ understanding for each snippet they inspected and the
time they needed for the comprehension process. Our results

demonstrate that, in most of the cases. there 1s no correlation

between the considered metrics and code understandability.

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

We found that, more often than not., the considered
quality metrics are not able to capture the gualitv improvement

as perceived by developers.
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https://doi.org/10.1109/ASE.2017.8115654

How Does Code Readability Change During Software
Evolution?

Citation for published version (APA):
Piantadosi, V., Fierro, F., Scalabrino, S., Serebrenik, A., & Oliveto, R. (2020). How Does Code Readability

® ® ®
Change During Software Evolution? Empirical Software Engineering, 25(6), 5374-5412.
https://doi.org/10.1007/s10664-020-09886-9

Summary of R(Q,. The tool by Scalabrino et al. (2018) is not reliable when the
output is in the range [0.416, 0.600].

Summary of R(,. There is a loss of accuracy when using readability prediction
tools for transitions instead of single versions.
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Google

public class ArrayListMaxValue {
public static void main(String[] args) {

// creating list.
List<Integer> intValues = new ArrayList<=>(};

f/ adding values

intValues.add(6);
intValues.add (64} ;
intValues.add(45);
intValues.add(68) ;
intValues.add(9);
intValues.add(2);

// calling max() method.
Integer max = Collections.max{intValues);

System.out.println{"ArraylList values : " + intValues);

System.out.printin(“ArraylList max value : + max) ;

= Microsoft Bing

// Finding Maximum Element of Java ArraylList

import java.util.ArraylList;
import java.util.Collections;

class MinElementInArrayList {

public static veoid main(String[] args)
{
ff ArrayList of Numbers
ArrayList<Integer> myList
= new ArrayList<Integer=();

// adding elements to Java Arraylist
myList.add(16);

myList.add(26);

myList.add(3);

myList.add(52);

myList.add(7@);

myList.add(12);

int maximum = myList.get(®);
for (int i = 1; i < myList.size(); i++) {
if (maximum < myList.get(i))
maximum = myList.get(i);

}

System.out.println("Maximum Element in ArrayList

+ maximum) ;

Crokage
= 5 o e R B

Describe the Java programming task

public class MaxlList {
public static void main(String[] args) {

List 1 = new ArraylList();

1l.add(1);

1l.add(2),

1.add{3);

1.add(4);

1l.add(5);
System.out.println(Collections.max(1l)); // 5
System.out.println{Collections.min(1l)); // 1




Are Static Analysis Violations Really Fixed? A
Limitations Closer Look at Realistic Usage of SonarQube

Diego Marcilio?, Rodrigo Bonificio®”, Eduardo Monteiro®, Edna Canedo®, Welder Luz? and Gustavo Pinto®
“Computer Science Department, University of Brasilia, Brasilia, Brazil
“Paderborn University, Paderborn, Germany
‘Department of Statistics, University of Brasilia, Brasilia, Brazil
“Faculty of Computing, Federal University of Para, Belém, Brazil

Surprisingly, we found a low resolution

rate per project in all organizations—on average, 13% of the
issues have been solved in the systems.
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Limitations Understanding Code Understandability
Improvements in Code Reviews

Delano Oliveira, Reydne Santos, Benedito de Oliveira, Martin Monperrus, Fernando Castor, and Fernanda
Madeiral

Answer to RQ6. We found 89 out of 323 occurrences of un-
derstandability smells that could be detected by the linters.
Some of the remaining 234 occurrences of understandability

smells could be detected by creating new rules in these
linters, while other occurrences require a deeper and context-
dependent analysis that goes beyond what linters typically
do.

Page 16



cdeepseck

& ~

@ GPT- 5 & 825#)?

StarCoderZ
* Claude 2

AlphaCode2 {Fg Codegen

code llama




Unveiling ChatGPT’s Usage in Open Source Projects:
A Mining-based Study

Rosalia Tufano* Antonio Mastropaolo® Federica Pepe
SEART @ Software Institute SEART @ Software Institute Department of Engineering
Universita della Svizzera italiana Universita della Svizzera italiana University of Sannio
Switzerland Switzerland Italy

Ozren Dabic Massimiliano Di Penta Gabriele Bavota
SEART @ Software Institute Department of Engineering SEART @ Software Institute
Universita della Svizzera italiana University of Sannio Universita della Svizzera italiana
Switzerland Italy Switzerland

Software Quality

-
- " -~

[ code review J ixi [ refactoring ] [ testing

g

(7 [s[2] Tm[s el !

,—-4—-—,,

spotting bugs [ fixing flaky test ‘ generating tests

supporting
debugging

writing code to

PCI g e ] 8 t reproduce a bug :
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Code Readablllty Perspectwes
5__--What developers are recommended to '-;'frltE‘ Whatdeuelnpers actuallywrlte and improve

Objectives
17

\FII'\

.q—sonarllnt

Suggested Snippet
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ChatGPT

how to insert an item into an array at a specific index in java?

java [C] Copycode

public static wold (5tringl] args) {

f/ Original array

Large Language .

ff Element to insert

Models

ff Create a new array with size one more than the original array

I—I—MS Ca n a |SO be used to generate [1 newArray = ne [originalArray.length + 1]1;
COd e S n i p pets fo r t h e d eve | O pe rS. Copy elements 'I_‘_"Zfﬂ'l original array to the new array

for ( =0, J = 0; 1 < originalArray.length; i1++, j++) {

If we reach the position to insert, insert the new element ar

1t (1 == position) {

newArray[j] = elementTolnsert;

j++; // Move to next position in newArray
3
newArray[j] = originalArray[i];

ff If the position to insert i1s at the end of the array

if (position == originalArray.length) {

Pq g e 2 O newArrayLnewArray.length - 1] = elementTolInsert;




However

The quality of its code suggestions is still
uncertain and requires further evaluation
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Al Generated
Content

Objectives

Compare the readability warnings identified

by SonarLint in code snippets generated by
LLMs with those authored by human
developers on Stack Overflow
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ChatGPT

Selecting Developer —
Input Queries

* X %k X X

Users from 80 countries garnered 15,865 queries

rayList.remove(i);

349 SELECTED QUERIES | |

lement at the first ime iterator stumble into it, afterwards when me n with the re nt, remove it using iterator.remove()

Page 23



Code Snippet Extraction from Stack
Overflow and LLM Models

349 SELECTED QUERIES

\‘ @ ChatGPT 3.5

§ SO post |IDs with code

I — I snippet recommended by @ ChatGPT 40 + New chat
CROKAGE

Query + “in Java”

Q) deepse ek&?

Page 24

+ .
Gemini



Assessing Semantic Adherence of
ChatGPT Code Snlppets with Input Queries

1) UNRELATED )

( 2) WEAKLY RELATED |

@ @
= =y

Query + Code Snippet

( 3) RELATED )

@ UNDERSTANDABLE ]

@ STRAIGHTFOWARD j
Page 25 A

Semantic Adherence !'= Correcteness



Assessing Semantic Adherence of
ChatGPT Co\e Snlppets wﬂ%put Queries

327 OUT OF 349 CODE
SNIPPETS ARE
SEMANTICALLY ALIGNED
WITH THE

DEVELOPER'S QUERY
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g

ldentifying Code Readability Issues

sonarlint a B

&

107 Code Smell Rules
5,910 warnings detected

CODE

SMELL 1,635 code snippets

Page 27 </>



«

ldentifying Code Readability Issues

107 Code
Smell Rules

@ ® 77 Readabilit
% r \%
, / Rules

o o
S Sy

(@ 1) READABILITY j
( zj NON-READABILITY j METHODS ~ CLASSES
ATTRIBUTES
Page 28

EXCEPTIONS COMMENTS



RESULTS
S G ss

/>
A

SIGNIFICANT MORE

SIGNIFICANT MORE
READABILITY WARNINGS
THAN LLMS READABILITY WARNINGS

THAN GPT 40




RESULTS

Readable

Unreadable

Undetermined

GENERATE MORE GENERATE FEWER

Page 30 NREADABLE CODA NREADABLE CODE
g SNIPPETS THAN SNIPPETS THAN

EXPECTED EXPECTED




Lines of Code (LOC)

RESULTS

Cognitive Complexity Distribution by Baseline

Lines of Code (LOC)

LOC Comments Distribution by Baseline

HIGHER LOC AND
COGNITIVE COMPLEXITY
DO NOT NECESSARILY
MEAN UNREADABLE
CODE.




Clarify Code

Intent
%
Improve Replace Avoid Use Proper Use Static Improve Avoid Nested Use Specific
Regex Magic Literals Shadowing Modifiers Properly Naming Structures Exceptions

{2 Rules {2 Rules

RESULTS

Code

. ,.-—77 Readabmty ®

Ru | €S '/ Eliminate Simplify Rehéllt?;glgnt Use try with Prefer Built-in
Redundancy Lambdas Blocks resources Methods

1 Rule | 13 Rules |

Clean U . Improve Code
P Convention Modularity
Remove Remove CoR;mgxfe d Use Naming Follow Code Follow Refactor Limit Variable
Useless Code Duplicate Code = Conventions Style Conditional Complex Logic Scope
ode Conventions Conventions

£13 Rules| § 1Rule | 4 Rules | { 1Rute |



RESULTS

@Override
hardcoded string literals




RESULTS

Preter
Concise
ode

<> diamond operator ahonymous class




RESULTS

& cdeepseek

useless code useless code useless code useless code
commented code




RESULTS

& cdeepseek




RESULTS

ImProve
Code
Modularit




RESULTS

Conditions

%12 Rules]

Loops

% 4 Rules ]

Attributes

(Fields) Methods Statements

£10 Rules| £ 7 Rules | £7 Rules |
Assignment Regex Generics

i Rulesﬂ i Rulesﬂ 8 4 Rules ]
Classes Parameters Comments

§ 3 Rules] % 2 Rules l % 1 Rule ]

Local
Variables

§ 6 Rulesﬂ

Lambda

£ 4 Rules |

Constants

£ 1Rule |

Exceptions

£ 5 Rules |

Modifiers and
Annotations

{é\ 3 Rules ﬂ




RESULTS

=

Local
Variables Variables

£ 36% | £ 15% |

Assignment Assignment

£ 30% | £ 15% |

Generics Generics

§ 4% | § 3% |

40

Local
Variables

£ 10% |

Assignment
§ 9% |

Attributes

o |

& cdeepsecek

Assignment

£ 19% |

Local
Variables

£ 18% |

Attributes

£ 5% |

Comments
8 8% ﬂ

Local
Variables

8 8% ﬂ
Statements

§ 6% |




RESULTS

Assessing the Readability of ChatGPT Code Snippet
Recommendations: A Comparative Study

Carlos Eduardo C. Dantas Adriano M. Rocha Marcelo A. Maia
carloseduardodantas@iftm.edu.br adriano.rocha@ufu.br marcelo.maia@ufu.br
Federal University of Uberlandia Federal University of Uberlandia Federal University of Uberlandia

Brazil Brazil Brazil

Page 40
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Discussion

S‘ CROKAGE frequently suggests Stack Overflow posts that are
I — I linked to the specific context of their corresponding thread.

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

Page 41



Discussion

‘ 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.

f'.'."'/.l'f_l_l'l

- —_—
Yo YL 220 0 7 27 77
S s e Ay a7 Sy —

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




How developers
perceive Code
Readability?

Linters rely on predefined rules and may not fully capture
how developers percelve code readability in practice.

Octoverse: Al leads Python to top
language as the number of global
developers surges
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Pull Requests (PRs)

PRs promote a peer code review
Process

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

Page 44

Refactor listSplits operation when using maxSplits #2381

 on Dec 13, 2021

L Corversation 5

Refactored listSplits method in TableOperationsimpl. This change affects the IsiSplits command which takes maxSplits as an

optian 5
Detailed

Description

« Renamed vanable names to enhance readabllty B—0——+—-—-—-— o — — I
+ Added documentation for the method
« Replaced while-loop wath if-loop after determining while-ioop was only run at most once each nme

« Created IT test for method in ShelliT class

v -3 G8 ENEE i

: 15ESpLils(tableName); '] Variable name Before Commit |

[ List<Text> endRows =
if {endRows.size()

return F-rll|::'|'.-."-'1:

ts(tableName ) —I--| Variable name After C.r.nrnmitJ



v Mining Candidate Pull Requests

READABILITY j

Candidate
Pull Requests

N\

1

N\ Zz

/. N\

@2 UNDERSTANDABILIT\?
N\

3 LEGIBILITY

/ “READABILITY”
KEYWORKD MENTIONED (
IN MAJORITY OF THE é
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2 Selecting Readabillity-focused
PRs from Candidates

Candidate
Pull Requests

Pull Requests focused on
Code Readabillity
Improvements

Page 46



Collectlng the Types of Code
Redddblllty Improvements

437 CODE READABILITY
@1 PR HYPERLINK j /) %IMPROVEMENTS

‘2 DETAILED DESERIPTIDNS]

Pull Requests focused on
Code Readabillity
Improvements

456 CODE READABILITY
CDDE DIFF j ¢ IMPROVEMENTS
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Classifying the Types of Code @
Readability Improvements

System: "You are a software developer specialized in [PROGRAMMING LANGUAGE],s 91% 3 greem ent
skilled in reading GitHub Pull Request texts written by other developers and labe-; ]
(74% first round)

ling the code readability improvements described by them using one of the following

labels: [LABELS]. You may also suggest new labels if none of the provided labels

accurately represents the improvement described by the developer.’ o
User: ‘Based on this pull request with the developer description: , .4 88% agreement
[DEVELOPER_DESCRIPTION], the code was changed by the developer from ° - (( (76% first rou ﬂd)
[CODE_BEFORE] to [CODE_AFTER]. please, provide the appropriate label that

represents the code readability improvement described and performed by the

developer. No explanations, only the name of the appropriate label

Pde 48



RESULTS



RESULTS

“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

~Cy

(358
. »

nc ude Type Hints

and Named

S Add Pare nthesis :*§
. for Clarit
B Prefer Specific

IE xception Handling
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RESULTS

“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”

‘ I
Page 52



RESULTS | |

.| mprove String
&  Formatting

Y ]
o

7 Construction and

e

Statements
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RESULTS

7

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

“removing unnecessary method calls indirections

and resulting unused methods”

‘ “Cleanup unused imports”

‘ O -
Page 54



RESULTS
7
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RESULTS

‘ “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™”

‘ O -
Page 56



RESULTS

ove Logic to Anothé:.f? o S
' Dataclass
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RESULTS

‘ “Add comments between logical blocks”

‘ “Rewrites comment to read better”

‘ “fixing some comment typos”

‘ I
Page 58



RESULTS
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RESULTS

“Moves functions around to be in a more intuitive
lace”

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

‘ “adding spaces where recommended by PEP8).”

¢ I
Page 60



RESULTS

- Guidelines ™4

Fo'rmat S paCi H '
& (Python Black) 4
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Discussion .
subjective

VS.
objective

( 1 BREAK LONG LINES j [ 1 REPLACE GENERIC APIS j

N

[2 INDENTATION [ 2 CONSUME LANGUAGE API\
/

/
N\

(3 IF/ELSE CODE STYLE (3 IMPROVE NAMING
/

N\
/
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Automated
Improvements

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 nhot guarantee that
developers will actually improve the readability of the code.
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=’ stackoverflow

217
affected | -

ChatGPT

12023

O\Prompting LLM for Readability Improvements \QJ

[SONARLINT_WARNINGS] [CODE_SNIPPET]

sonar[lrl;

616 New
Code
Snippets

~>) & sonarlint




= 4

& Gemini 2.5 Pro EESrEet
coder

System: "You are a software developer specialized in the Java programming lan-
I. ° guage, with expertise in improving the readability of the code based on a list of
P r O pt I n g L L M S recommendations.”
User: 'Given the following Java code snippet: [CODE_SNIPPET], the following
improvements are recommended: [SONARLINT WARNINGS]. Please provide a revised

version of the code snippet that applies the recommended improvements. Only the

revised code snippet, without additional text.’
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RESULTS

n 4
& Gemini 2.5 Pro despsaok

Corrected

Not Corrected

Introduced

GPT IS THE LEAST
EFFECTIVE LLM IN
CORRECTING

WARNING




RESULTS

Clean UP

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

Remove unused code often introduce new warnings
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RESULTS

Clarﬁly
Code Intent

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

Warnings addressed with single prompt
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RESULTS

Prefer
Concise Code

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

Some rules could apply sequentially
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RESULTS

Improve Code

Convention Modular +Y

LLMs often suggested names that follow conventions

Even large classes and long methods were refactored

Page /70



Conclusions

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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Assessing the Readability of ChatGPT Code Snippet
Recommendations: A Comparative Study

Carlos Eduardo C. Dantas Adriano M. Rocha Marcelo A. Maia
carloseduardodantas@iftm.edu.br adriano.rocha@ufu.br marcelo.maia@ufu.br
Federal University of Uberlandia Federal University of Uberlandia Federal University of Uberlandia

Brazil Brazil Brazil

Simposio Brasileiro de Engenharia de
Software (SBES)

o [
I u I C q t I o I l S Aluno de doutorado Carlos Dantas recebe premiacgao

por Sistemas de Informacao - Monte Carmelo €3 Compartilhar 0

Uitima mod

CERTIFICADO

AWARD PAPER

SBES - RESEARCH TRACK
Assessing the Readability of ChatGPT Code Snippet
Recommendations: A Comparative Study

Carlos Eduardo Dantas {UFU), Adriano Rocha (UFU),
Marcelo de Almeido Maia (UFU)

.c_:.afinn smfru. | AWDREN FONTAD
ek Co-Chair CBSal"28 General Chal
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Publications

Page 73

How do Developers Improve Code Readability? An
Empirical Study of Pull Requests

%' Carlos Eduardo C. Dantas 2" Adriano M. Rocha 3*d Marcelo A. Maia
Federal University of Uberlindia Federal University of Uberldindia Federal University of Uberldindia
Uberlindia, Brazil Uberlandia, Brazil Uberlandia, Brazil

carloseduardodantas @iftm.edu.br adriano.rocha@ufu.br marcelo.maia@ufu.br



Readability and Understandability Scores for Snippet
Assessment: an Exploratory Study

Publications

Carlos Eduardo C. Dantas Marcelo A. Maia
carloseduardodantas@iftm.edu.br marcelo.maia@ufu.br
Federal University of Uberlandia Federal University of Uberlandia

Brazil Brazil

Readability and Understandability of Snippets Recommended
by General-purpose Web Search Engines: a Comparative Study

Carlos Eduardo C. Dantas Marcelo A. Maia
carloseduardodantas@iftm.edu.br marcelo.maia@ufu.br

Federal University of Uberldndia Federal University of Uberlandia

Brazil Brazil
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https://doi.org/10.5753/vem.2021.17217

ChatGPT

Other Academic
Contributions

Page 75

What Developers Ask to ChatGPT in GitHub Pull Requests?
an Exploratory Study

Julyanara R. Silva', Carlos Eduardo C. Dantas', Marcelo A. Maia®

nstituto Federal de Ciéncia e Tecnologia do Tridngulo Mineiro (IFTM)
Campus Uberlidndia Centro — Uberlandia, MG — Brazil

2Universidade Federal de Uberliandia (UFU) — Uberldndia, MG — Brazil

Estudante do Campus Uberlandia Centro ganha
prémio por artigo apresentado no 15° Congresso
Brasileiro de Software

Publicado em 03/10/2024 13:43 Atualizado em 04/10/2024 09:58




How Readable Is LLM-Generated Code Snippets? A
Comparison of ChatGPT, DeepSeek, and Gemini

Giovanna Fernandes', Marcelo A. Maia?, Carlos Eduardo C. Dantas’

nstituto Federal do Tridngulo Mineiro (IFTM) — Uberlandia, MG — Brazil
*Universidade Federal de Uberlandia (UFU) — Uberlandia, MG — Brazil

Ot h e r A C d d e m i C How Close Is ChatGPT to Developer Judgment? A Study on
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