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 A B S T R A C T

Context: Exception handling mechanisms are designed to manage abnormal events that disrupt normal pro-
gram execution, helping software recover from unexpected situations. However, defects in exception handling 
mechanisms can introduce errors, crashes, and unexpected behavior, reducing system reliability. Despite 
widespread adoption of Python, exception handling bugs in Python projects remain largely underexplored.
Objectives: This study aims to investigate the characteristics of exception handling bugs in Python projects 
by analyzing their root causes, fix patterns, and their relationship with anti-patterns (exception handling 
anti-patterns).
Methods: We conducted a large-scale empirical study on 550 open-source Python projects. Using our Exception 
Miner tool and manual validation, we analyzed 942 confirmed exception handling bugs identified from 
1,649 bug candidates extracted from issue reports and associated commits.
Results: Our analysis identified 12 root causes and 25 fix patterns. The most common root cause is Unhandled 
Exception, accounting for 50.64% of the analyzed cases. The most frequent repair strategies include adding 
exception handling blocks, changing exception types, and introducing appropriate raise conditions, which 
together account for approximately 60% of the fixes. A before-and-after analysis shows that many exception 
handling anti-patterns were preserved from the buggy version, while fixes still introduced an increase of 196 
exception handling anti-patterns occurrences.
Conclusion: The results reveal systematic relationships between root causes and repair strategies, indicating 
that exception handling bugs often follow predictable patterns. These findings provide insights to improve 
testing practices and design automated tools to detect and repair exception handling bugs in Python projects.
. Introduction

Exception handling is a fundamental aspect of programming, in-
olving mechanisms for handling errors or exceptional events that 
ccur during program execution and potentially disrupt the program’s 
ormal flow [1]. These exception handling mechanisms [2,3] (e.g., ex-
eption handling commands) are widely implemented across various 
rogramming languages such as Java, C#, and Python [4]. In Python, 
hese mechanisms (herein called ‘‘exception handling mechanisms’’) 
re implemented through exception handling commands, such as try,
xcept, finally, and raise, which enable the transition from 
ormal to exception-based control flow. Python, in particular, is a 
opular programming language for open-source projects.1 Exception 
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1 https://www.tiobe.com/tiobe-index

handling mechanisms provide advantages to the software quality, 
such as increasing program readability, reliability, and maintainability
[5].

Although exception handling mechanisms offer various benefits to 
software quality, their misuse can result in bugs [6] (hereafter called 
‘‘exception handling bugs’’). Beyond causing crashes, exception han-
dling bugs can also lead to incorrect behavior, misleading diagnostics, 
and silent failures, reinforcing the need for a systematic investiga-
tion of their causes and fixes. Previous studies have investigated the 
relationship of exception handling mechanisms with aspects such as 
evolution [7,8], practices [9], adopted strategies [10,11], and robust-
ness [12]. Other studies have focused on understanding exception 
handling bugs [6,13–15]. However, most of these studies analyze Java 
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and C# projects, leaving open questions about how such exception han-
dling bugs manifest in Python. Python differs from these languages in 
several ways, including its dynamic typing, lack of compile-time checks, 
and runtime dependency management [16], which could potentially 
lead to exception handling bugs with distinct root causes that may 
differ from those observed in previous studies.

In this paper, we conduct an exploratory study to understand ex-
ception handling bugs in Python projects by identifying and analyzing 
their root causes and fix patterns. We also investigate the impact 
of these fixes by analyzing whether their application contains anti-
patterns associated with exception handling mechanisms (hereafter 
called ‘‘exception handling anti-patterns’’). To this end, we collect 
942 exception handling bugs from 550 open-source Python projects. 
Based on the exception handling bugs collected, our results reveal a tax-
onomy of 12 root causes and 25 fixes emerged from exception handling 
bugs, indicating the variety of exception handling bugs. This taxonomy 
provides a structured approach to categorizing root causes and fix 
patterns into distinct groups. We also summarize the main fix patterns 
for each exception handling bug and analyze how exception handling 
anti-patterns evolve before and after bug fixing. The results show that 
many anti-patterns were already present in the buggy version, but the 
fixes still led to an increase of 196 anti-pattern occurrences. While 
these categories offer a comprehensive view of how Python developers 
handle exceptions, many of them align with findings from studies 
on Java and C# developers [6,10,13,15]. This suggests that, despite 
Python’s distinctive language features, exception handling bugs often 
share common characteristics across languages.

In summary, the main contributions of our study are:

• We perform the first comprehensive study to understand excep-
tion handling bugs in Python;

• We provide a taxonomy of 12 distinct root causes categories for 
the exception handling bugs collected in our study;

• We summarize the common fix patterns related to exception 
handling bugs;

• We provide a dataset containing 942 exception handling bugs ex-
isting in Python projects;

Our study and dataset2 pave the way for researchers to develop new 
tools for detecting and fixing exception handling bugs and advance in 
the understanding by exploring new analyses on the relation between 
root causes, fix patterns, and exception handling anti-patterns. For 
developers, the list of root causes and fix patterns provides a valuable 
resource for more effective bug triaging and fixing.

2. Background

Exception handling is a fundamental programming language mech-
anism for handling abnormal situations that occur during program 
execution. According to the ISO/IEEE standard, exception handling 
enables the propagation of error information by throwing and catching 
exceptions [17], where an exception is defined as an event that sus-
pends the normal program execution and indicates that an operation 
request was not performed successfully [17]. Its primary purpose is to 
ensure the robustness and reliability of software systems by preventing 
abrupt program termination and enabling programs to respond to or 
recover from unexpected situations [4,18].

Modern programming languages provide constructs to support ex-
ception handling. In Python, these mechanisms include constructs such 
as try, except, finally, and raise, which enable developers 
to detect exceptional conditions, recover from errors, and perform 
cleanup. These mechanisms improve software reliability and maintain-
ability by separating normal-execution logic from error-handling logic. 
However, incorrect or imprecise use of these constructs may intro-
duce faults that lead to unexpected behavior, crashes, or inconsistent 
program states.

2 https://github.com/exception-handling/exception-handling-bugs
2 
2.1. Exception handling anti-patterns

Anti-patterns are common mistakes in software development that 
tend to produce more negative consequences than benefits [19]. In the 
context of exception handling, exception handling anti-patterns refer to 
improper uses of exception handling mechanisms that may introduce 
bugs and reduce code maintainability [8,20,21]. Prior studies have 
documented several recurring exception handling anti-patterns across 
programming languages [16,21–23], such as overly broad exception 
catching, swallowing exceptions, and bare except blocks. In this 
study, we analyze a set of exception handling anti-patterns identified 
in prior research and commonly reported by static analysis tools and 
linters. The detailed definitions and detection strategies are described 
in Section 3.5.

2.2. Exception handling bugs and root causes

To precisely characterize when a defect should be considered an 
exception handling bug, we adopt the widely accepted definition pro-
posed by Ebert et al. [13]. According to this definition, an exception 
handling bug is a defect whose cause is related to exception han-
dling mechanisms, occurring when exceptions are incorrectly defined, 
thrown, propagated, handled, documented, or when they should have 
been thrown or handled but are not. This definition emphasizes that 
exception handling bugs are identified by their causal relation to ex-
ception handling mechanisms, rather than by the specific failures they 
produce. In practice, these bugs often manifest through observable con-
sequences such as program crashes, resource leaks, or incorrect outputs. 
Studying their root causes is therefore essential, as they represent the 
underlying decisions that lead to such failures, for example, when an 
unhandled exception results in unexpected application termination.

3. Study design

Following the Goal Question Metric (GQM) template [24], the goal 
of this study is to investigate the root causes and fixes of excep-
tion handling bugs in Python projects. We also analyze the occur-
rence of exception handling anti-patterns and the impact of exception 
handling bugs fixes, particularly regarding the addition or removal 
of anti-patterns. To this end, we formulate the following research 
questions.

RQ1. How often do exception handling anti-patterns, occur in Python 
projects?

Purpose: Assess the prevalence of exception handling anti-patterns in 
Python projects, highlighting which patterns pose the most significant 
risks to code quality and maintainability.

Metric: The frequency of each anti-pattern relative to the total 
identified.

RQ2. What are the root causes of exception handling bugsin Python projects?

Purpose: Determine the most common underlying root causes of 
exception handling bugs. This understanding facilitates more effective 
bug detection, localization, and prevention.

Metric: Frequency of root causes (e.g., unhandled exceptions, incor-
rect exception types).

RQ3. How are exception handling bugs fixed in Python projects?

Purpose: Identify recurring strategies used by developers when fixing 
exception handling bugs, enabling the understanding of effective fixing 
practices.

Metric: Frequency of fix patterns to remove exception handling 
bugs(e.g., adding exception handling blocks, changing exception types, 
adding raise conditions).

https://github.com/exception-handling/exception-handling-bugs
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Fig. 1. Study design steps.
 

RQ4. What is the relation between fixes and root causes of exception 
handling bugs?

Purpose: Reveal how specific root causes are addressed through 
corresponding fixes, helping developers match bug characteristics with 
effective repair strategies.

Metric: Percentage mapping between root causes and the fixes ap-
plied.

RQ5. Does exception handling bug fixing influence the occurrence of excep-
tion handling anti-patterns?

Purpose: Evaluate whether fixing exception handling bugs reduces 
or introduces anti-patterns, highlighting risks associated with repair 
activities.

Metric: Frequency of anti-patterns added or removed during excep-
tion handling bugs fixes.

Fig.  1 provides an overview of the research methodology used to 
answer these questions. It illustrates the study workflow from project 
selection to the analysis steps corresponding to each research question.

3.1. Selecting projects

To perform our study, we used the SEART GitHub Search En-
gine [25]3 to identify Python open-source projects hosted on GitHub. 
Following criteria adopted in prior studies [10,21], we selected projects 
that: (i) are open-source and primarily developed in Python; (ii) are 
actively maintained, with at least one commit in the last three months 
and a history of at least three years; (iii) have significant community 
engagement (more than 10 contributors and 1k stars); and (iv) contain 
a sufficient number of reported issues (more than 50) using GitHub’s 
issue tracking system. These criteria ensure that the selected projects 
are mature, actively maintained, and contain sufficient bug-related 
information for analyzing exception handling bugs.

A complete list of projects, including metadata such as commits, 
contributors, stars, and issues, is available on our accompanying web-
page [26]. In total, our dataset includes 550 Python projects, with an 
average of 4109 commits, 127 contributors, 16,049 stars, and 1543 
issues. To mitigate potential domain bias, we classified each project by 
its primary application domain using repository descriptions, GitHub 
topics, and project documentation. The dataset covers a diverse set 

3 https://seart-ghs.si.usi.ch/
3 
of domains within the Python ecosystem, including Data Science, Ma-
chine Learning & AI (168 projects, 30.52%), DevOps, Cloud & Infras-
tructure (89 projects, 16.23%), End-user Applications & Systems (89 
projects, 16.23%), Developer Tools & Libraries (89 projects, 16.24%), 
Web Development & APIs (64 projects, 11.69%), Security, Networking 
& Reverse Engineering (43 projects, 7.79%), Scientific & Numerical 
Computing (6 projects, 1.30%).

3.2. Extracting exception handling mechanisms

To extract exception handling mechanisms, we developed Exception 
Miner [27], a tool that analyzes Python abstract syntax trees (ASTs) to 
identify exception handling constructs such as try-except, raise,
try-finally, and try-else. Exception Miner identifies these con-
structs by traversing explicit AST nodes rather than by relying on 
textual matching, keywords, or regular expressions.

The tool uses the Python binding of Tree-sitter [28] to define AST 
queries over Python syntactic structures. Specifically, try-except,
try-finally, and try-else mechanisms are extracted from
try_statement nodes, while raise mechanisms are extracted from
raise_statement nodes. Applying these queries, we identified 
168,716 exception handling mechanisms across 1,295,519 functions, 
including 58,186 try-except, 98,771 raise, 7,725 try-finally,
and 4,034 try-else constructs. These numbers indicate that the 
analyzed projects contain a reasonable amount of exception handling 
mechanisms. To the best of our knowledge, our study is the largest 
study focused on exception handling bugs in Python. The list of AST 
queries to detect the aforementioned exception handling mechanisms, 
along with our tool, is available on the accompanying web page [26].

To evaluate whether the extracted exception handling mechanisms 
were affected by false positives, we manually validated a stratified 
sample of 384 mechanisms (95% confidence level, 5% margin of er-
ror). The sample includes instances of the four mechanism types ana-
lyzed in this study: try-except, raise, try-finally, and try-
else. These mechanisms correspond to explicit Python AST structures:
try-except, try-finally, and try-else are extracted from
try_statement nodes, while raise mechanisms are extracted from
raise_statement nodes. To do this, two authors independently 
inspected each sampled mechanism and its surrounding context to 
verify that the extracted snippet corresponded to the intended Python 
exception handling mechanism. Disagreements were resolved through 
discussion until a consensus was reached. The extraction step using our 
tool achieved 99.48% accuracy, 100.00% precision, 98.97% recall, and 
99.48% F1-score, with detailed results by mechanism type available in 
the supplementary material [26].

https://seart-ghs.si.usi.ch/
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3.3. Collecting exception handling bugs and fixes

Unlike prior work that uses exception-related keywords to identify 
exception handling bugs in textual artifacts [14], our study does not use 
keywords as a proxy for exception handling semantics. Instead, follow-
ing established mining software repositories [29,30], we use generic 
bug-related keywords only to retrieve candidate bug-fixing activities. 
Specifically, we mine the complete commit history of the analyzed 
Python projects and select commits whose messages contain (‘‘fix’’ or 
‘‘solve’’) and (‘‘bug ’’ or ‘‘issue’’ or ‘‘problem’’ or ‘‘error ’’). This process 
resulted in 18,904 candidate fixes from the 550 selected projects. These 
keywords are not used to classify commits as exception handling bugs; 
the final classification relies on code-level evidence, namely whether 
the fix modifies exception handling mechanisms, followed by manual 
validation.

After collecting the bugs and fixes, we identify the exception han-
dling bugs (step 2 in Fig.  1) and associate them with their respective 
fixes by following these steps: First, we gather the issues or pull requests 
associated with previously identified fixes. Then, for each bug-fixing 
commit, we identify exception handling bug candidates by analyzing 
whether the fix modifies exception handling constructs in the source 
code. As most of the exception handling fixes are related to adding or 
removing exception handling mechanisms, we consider as a exception 
handling bug candidate, those that introduce changes within exception 
handling mechanisms, such as try, except, raise, try-else, or
try-finally, following established approaches in prior empirical 
studies [29].

These candidates were automatically detected by traversing the 
AST and identifying modifications to constructs related to exception 
handling mechanisms. This preliminary step reduced the dataset to 
commits more likely to involve exception handling bugs, enabling 
focused manual validation. Using this process, we identified 1,649 can-
didates from the 18,904 bugs and pull requests collected in the previous 
stage. Since not all candidates correspond to genuine exception han-
dling bugs, the first three authors manually inspected each case to 
confirm whether the observed bug was causally related to exception 
handling.

During validation, we examined the source code changes, issue 
or pull-request discussions, and, when available, related test cases 
to determine whether candidates corresponded to genuine exception 
handling bugs. In cases without explicit tests, we relied on issues 
labeled as ‘‘bug’’ and their corresponding fix commits as supporting 
evidence, following prior studies [14,15]. Candidates were excluded 
when the detected modification to an exception construct was inci-
dental and unrelated to fixing an exception handling issue, such as 
general refactoring, non-bug-related updates (e.g., API adaptations or 
dependency updates), or false positives produced by the detection 
tool. For instance, in pull request #3271 from the PyTorch Lightning 
project,4 the tool flagged a modification inside a try-except block, 
but manual inspection revealed that the actual fix addressed a dif-
ferent component unrelated to exception handling mechanisms. After 
applying this filtering process, we obtained 942 genuine exception 
handling bugs from the initial 1,649 candidates (942 confirmed bugs 
after removing 707-exception handling bugs candidates).

Our analysis also revealed that many fixes were accompanied by test 
cases designed to reproduce the exceptional behavior and validate the 
applied fix. In cases without explicit tests, we relied on issues labeled 
as ‘‘bug’’ and their corresponding fix commits as supporting evidence, 
following prior studies [14,15].

3.4. Labeling exception handling bugs, root causes, and fix patterns

In our study, we systematically categorize the root causes and fixes 
associated with exception handling bugs in Python projects (steps 3 and 

4 https://github.com/Lightning-AI/pytorch-lightning/pull/3271/
4 
4 in Fig.  1). Although prior studies propose taxonomies for classifying 
exception handling bugs [14,15], we derived our own taxonomy di-
rectly from empirical data rather than adopting predefined categories. 
This approach reduces potential bias in category selection and allows 
root cause and fix categories to emerge from the observed data. Despite 
this independent construction, our taxonomy shows similarities with 
existing classifications reported in previous studies [13,15], supporting 
its validity.

We adopted an open coding approach [24], commonly used in 
empirical software engineering studies [31], to label the root causes 
and fixes of exception handling bugs. We first conducted a pilot study 
on a random sample of 50 bugs from the total 1,649 exception handling 
bugs candidates. The first three authors independently analyzed these 
bugs without predefined categories and iteratively refined emerging 
patterns through discussion, resulting in an initial taxonomy of root 
causes and fix patterns.

Using this preliminary taxonomy, the remaining exception handling 
bugs were labeled by a team consisting of the three authors and 
five master’s students with experience in Python programming and 
familiarity with exception handling mechanisms. Before starting the 
labeling task, the master’s students participated in a training session. 
The training introduced the study context, Python exception handling 
mechanism, and the exception handling anti-patterns considered in 
the study. Participants also received a validation guide describing the 
step-by-step procedure: opening the bug report and fixing commit, 
checking whether the issue was actually related to exception handling, 
identifying root causes from the bug report and code review discussion, 
classifying the fix pattern from the code changes, and checking whether 
tests were added. The guide also instructed participants to disregard 
cases not related to exception handling and to refine or propose new 
categories when the initial taxonomy was insufficient.

The exception handling bugs were then divided into eight datasets 
and independently labeled by participants. Disagreements were re-
solved through group discussions, and the training and validation guide 
was used to align the students’ classifications with the pilot study con-
ducted by the authors. This iterative process expanded the taxonomy 
with nine additional root cause categories and twelve new fix pattern 
categories, resulting in the final taxonomy used in our analysis.

Labeling Root Causes: The root cause refers to a source of a bug 
such that if it is removed, the bug is decreased or removed [17], which 
includes technical factors in the source code that directly contributed to 
the exception handling bug. To identify them, we analyzed how excep-
tion handling mechanisms were misused or implemented, examining 
the buggy source files associated with each bug. Also, bug reports and 
comments provided helpful context, with a focus on their descriptions 
and discussions to identify potential observable root causes.

Labeling Fix Patterns: Fix patterns capture the code modifications 
developers applied to resolve the exception handling bugs. To this end, 
we analyzed changes in commits or pull requests, focusing on edits to 
exception handling constructs described in Section 3.2. By examining 
the exact modifications (e.g., adding an exception type, restructuring a
try-finally block), we derived recurring strategies that developers 
used to repair bugs. Other sources, such as bug report discussions, 
were used only to clarify intent; however, the classification itself relied 
exclusively on the code changes.

To evaluate the reliability of the manual labeling process, three 
participants independently labeled a statistically significant sample 
of 312 bugs (95% confidence level, 5% margin of error). Inter-rater 
agreement was assessed using mean pairwise Cohen’s kappa [32,33] 
and Krippendorff’s alpha [34], following recommendations from prior 
work [35]. The analysis yielded a Cohen’s kappa of 0.5285 and a Krip-
pendorff’s alpha of 0.5247, indicating moderate agreement according to 
established standards for empirical software engineering datasets [36].

During this validation process, we also recorded the labeling time, 
which averaged 121.92 s (approximately two minutes) per bug, reflect-
ing the complexity of analyzing exception handling bugs.

https://github.com/Lightning-AI/pytorch-lightning/pull/3271/
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3.5. Extracting exception handling anti-patterns

Previous studies [8,20,21] investigate several bad practices related 
to exception handling mechanisms. These studies suggest that exception 
handling anti-patterns can lead to unexpected behavior, disrupt the 
program’s normal flow, and introduce bugs. Thus, they should be 
avoided when developing or evolving software. In our study, we focus 
on a set of exception handling anti-patterns based on three criteria: 
i) the risks that they bring to the system; ii) whether they could 
be detectable by a static analysis tool; iii) whether they have been 
analyzed in previous studies [9,15,20–22] or technical documentation.5 
As a result, we analyze the following exception handling anti-patterns:

• Too Broad Raising: Raising exceptions that are too general, 
lacking specificity. For example, using a Generic exception type. 
This can hide bugs and make debugging harder.

• Too Broad Except: Handling exceptions that are too general, 
lacking specificity;

• Swallowing Exceptions Doing nothing or logging insufficient 
information inside an exception handler potentially leads to silent 
errors. This exception handling anti-pattern is common in Python 
using the try-except-pass flow.

• Nested Try-Except Blocks: Using three or more nested try-except 
blocks, thus indicating complex exception handling logic;

• Bare Raise Block: A raise statement with no exception pro-
vided, i.e., re-raising the last active exception. Bare raises should 
be used only in except blocks;

• Bare Except Catch Block: An except block with no exception 
provided. Bare except catches all exceptions, including exceptions 
such as SystemExit or KeyboardInterrupt ;

• Bare Raise inside Finally: Raising exceptions directly within 
a finally block, which may lead to unexpected states and 
conditions;

• Try and Return: Using a try block solely to return from a 
function indicates a potential design issue.

We used our tool to collect the selected exception handling anti-
patterns (steps 3.2 and 3.5 in Fig.  1). The tool was first applied to the 
latest versions of each project (Section 3.1) to identify existing anti-
patterns in exception handling. We then manually inspected the fixes 
associated with exception handling bugs to detect the introduction or 
removal of exception handling anti-patterns during bug fixes.

Each exception handling anti-pattern is detected through specific 
AST queries implemented in our tool, based on definitions from prior 
studies [22]. For example, the Nested Try-except anti-pattern was origi-
nally identified manually in previous work and later translated into an 
AST query to enable automated detection across projects. The complete 
list of queries is available in the accompanying webpage [26].

To evaluate the detection accuracy of the Exception Miner tool [27], 
we manually validated a stratified sample of 766 instances: 381 positive 
and 385 negative exception handling anti-patterns (95% confidence 
level, 5% margin of error). The positive set contains candidates de-
tected by Exception Miner, whereas the negative set contains exception 
handling snippets for which no anti-pattern was detected. Following 
prior work [37], two authors independently assessed each case using 
four confidence levels: low, moderate, high, and absolute. Disagreements 
were resolved through discussion until a consensus was reached. Ex-
ception Miner achieved 96.87% accuracy, 93.70% precision, 100.00% 
recall, and 96.75% F1-score. Detailed precision and recall results by 
anti-pattern category are available in the supplementary material [26].

To analyze whether exception handling bug fixes affect the occur-
rence of exception handling anti-patterns, we performed a before-and-
after analysis for each fixing commit. For each confirmed exception 

5 https://github.com/pylint-dev/pylint
5 
Table 1
Distribution of exception handling anti-patterns in Python 
Projects.
 EH Anti-Pattern Count Perc (%)
 Too Broad Except 18.455 41.47% 
 Swallowing Exceptions 12.674 28.48% 
 Too Broad Raising 7.263 16.32% 
 Bare Except 5.153 11.58% 
 Nested Try 812 1.82%  
 Bare Raise Block 134 0.30%  
 Bare Raise Finally 12 0.03%  

handling bugs, we analyzed the buggy version immediately before the 
fix and the fixed version after the fixing commit. We then applied 
Exception Miner to the exception handling constructs affected by the fix 
in both versions. This procedure allows us to distinguish anti-patterns 
that were already present before the fix from those added, removed, or 
preserved during the repair. Therefore, our analysis does not assume 
that every anti-pattern observed in the fixed version was introduced by 
the fixing activity.

4. Results

In this section, we describe the results and answer the research 
questions.

4.1. RQ1. How often do exception handling anti-patterns occur in  Python 
projects

Exception handling mechanisms are common in Python programs, 
but developers may misuse them, leading to exception handling anti-
patterns. Thus, this research question investigates the prevalence of ex-
ception handling anti-patterns in Python projects that could potentially 
lead to maintainability problems, such as architectural degradation and 
technical debt [8].

Table  1 reports the distribution of exception handling anti-patterns
identified in the analyzed projects. The first column presents the ex-
ception handling anti-patterns, while the second and third columns 
describe the occurrence and the corresponding percentage.

The results show that the occurrence of exception handling anti-
patterns ranges from 0.32% to 41.47% across the analyzed exception 
handling mechanisms. The exception handling anti-pattern Too Broad 
Except has the highest occurrence (41.47%). This result aligns with the 
frequent use of generic exception types in the analyzed projects, such 
as Exception (13.54%) and RuntimeError (13.13%), which encourage 
overly broad catch blocks. Such practices reduce the specificity of error 
handling, obscure the underlying causes of failures, and complicate 
debugging and recovery. Prior studies similarly report the high preva-
lence and negative impact of this exception handling anti-patterns on 
program comprehension and maintainability [10,20,21].

The second most common exception handling anti-pattern is Swal-
lowing Exceptions, affecting 28.48% of the analyzed functions. This 
exception handling anti-pattern occurs when generic exceptions are 
caught but neither rethrown nor properly handled. Developers often 
suppress errors using empty handlers or pass statements inside ex-
cept blocks, allowing execution to continue without addressing the 
exceptional condition [38]. Such practices hinder fault diagnosis and 
have been widely reported as one of the most problematic Python 
anti-patterns [39].

Furthermore, Too Broad Raising and Bare Except present similar oc-
currence rates of 16.32% and 11.58%, respectively. Both anti-patterns 
are associated with the use of generic exceptions: the first involves rais-
ing overly general exceptions such as Exception or BaseException, while 
the latter corresponds to catch blocks that intercept all exceptions, 
including those not typically intended to be handled (e.g., SystemExit or
KeyboardInterrupt). The remaining anti-patterns—Nested Try, Bare Raise 
Block, and Bare Raise Finally—occur less frequently, with rates ranging 
from 0.03% to 1.82%.

https://github.com/pylint-dev/pylint
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Table 2
Exception handling bugs distribution by root causes.
 Root Cause Total Perc. (%) 
 Unhandled Exception 477 50.64%  
 Incorrect Handling Action 206 21.87%  
 Missing Exception Raising Condition 99 10.51%  
 Improper Exception Message 62 6.58%  
 Incorrect Re-raising of Exceptions 19 2.02%  
 API-Related Exception Handling Errors 18 1.91%  
 Wrong Exception Type 18 1.91%  
 Unexpected Raising 14 1.49%  
 Wrong Raise Type 14 1.49%  
 Import-Related Exception 9 0.96%  
 Improper Finally Block Usage 3 0.32%  
 Python Version Compatibility Issue 3 0.32%  
 Grand Total 942 100.00% 

    

Summary: Exception handling anti-patterns are widespread in 
Python projects, with Too Broad Except, Swallowing Exceptions, 
and Too Broad Raising being the most prevalent.

The high prevalence of exception handling anti-patterns, particu-
larly overly broad handlers and exception swallowing, indicates that 
imprecise and generic error-handling strategies remain common in 
Python projects. These findings suggest that static analysis tools and 
coding guidelines should prioritize detecting exception handling anti-
patterns, especially those associated with overly generic exception 
handling and improper exception raising.

4.2. RQ2. What are the root causes of exception handling bugs in python 
projects?

This research question investigates the root causes of exception 
handling bugs identified in our study and their manifestation during 
program execution. Table  2 summarizes the root causes observed, 
reporting their descriptions along with the corresponding frequency 
and percentage of occurrences.

Unhandled Exception (50.64%). This root cause occurs when 
exceptions are raised but not properly handled, allowing them to prop-
agate beyond their intended scope and often leading to abrupt program 
termination or unexpected control-flow interruptions. Such effects of-
ten lead to application crashes, inconsistent states, or failures to handle 
expected exceptional conditions. Determining which exceptions should 
be explicitly handled remains challenging for developers, as indiscrim-
inately catching all exceptions is considered bad practice [20,22,40]. 
Issue #62276 from the Ansible project illustrates this issue, where an 
unhandled exception related to character encoding caused execution to 
fail unexpectedly.

Incorrect Handling Action (21.87%). This root cause arises from 
flawed logic inside exception handling blocks, where the handling code 
executes incorrect or incomplete recovery actions. In practice, such 
bugs often lead to inconsistent behavior, partial functionality, or mis-
leading outcomes during execution. Common cases include improper 
return values, incorrect conditional checks, or faulty recovery logic that 
allows execution to continue in an invalid state. Issue #27627 from 
the OpenBB project illustrates this root cause: incorrect handling logic 
within a try-except block led to unintended execution behavior.

Missing Exception Raising Condition (10.51%). This root cause 
includes situations in which exceptional conditions occur, but no ex-
ception is raised to signal the error. As a consequence, failures may 
remain undetected or manifest later as inconsistent behavior, incorrect 
results, or downstream crashes. These cases typically stem from missing 

6 https://github.com/ansible/ansible/issues/6227
7 https://github.com/OpenBB-finance/OpenBBTerminal/issues/2762
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validation checks or incomplete error-detection logic. An example is 
issue #101858 from the NumPy project, where the absence of a nec-
essary exception raising condition allowed invalid values to propagate 
through the system (AssertionError when comparing NaT’s (not a time 
type in Numpy) with different types. Addressing challenges associated 
with missing raising conditions is essential to improving error-detection 
mechanisms.

Improper Exception Message (6.58%). This root cause involves 
exceptions that convey inaccurate, incomplete, or misleading infor-
mation to developers. While execution may fail correctly, the lack of 
clear diagnostic information significantly increases debugging effort 
and maintenance cost. In practice, this often leads to confusion during 
failure analysis or to incorrect assumptions about the source of an 
error. Issue #11559 from the Scikit-learn project exemplifies this root 
cause, where a developer argues that need to change the error message, 
since it references a non-existent attribute, obscuring the true source of 
the failure: ‘‘You refer to an attribute named self.tokenize which 
does not exist. According to the if-else structure, I assume the correct 
attribute here is self.analyzer, right?’’.

Incorrect Re-raising of Exceptions (2.02%). This root cause occurs 
when an exception is caught and then rethrown without adding any 
additional information or context. The main challenge is ensuring 
that re-raised exceptions contribute meaningful insights for effective 
debugging. Developers must balance providing sufficient information to 
understand the issue while avoiding unnecessary verbosity (e.g., flood-
ing the application loggers or cluttering the client with unnecessary 
messages). For example, the Robot project’s issue #221710 demon-
strates this scenario. Note that re-raising the exception (DataError) 
causes issues in the application because it is not handled properly, 
leading to immediate failure.

API-Related Exception Handling Errors (1.91%). This root cause 
arises from changes or misuse of external APIs that alter exception 
behavior or contracts. Such issues frequently lead to execution failures 
after dependency updates, build failures in continuous integration envi-
ronments, or unexpected runtime errors. Issue #1077611 in the PyTorch 
Lightning project demonstrates this root cause: changes to an external 
API led to exception handling bug that required code adaptation.

Wrong Exception Type (1.91%). This root cause involves using 
inadequate or incorrect exception handling mechanisms, such as wrong 
exception types, leading to ineffective recovery (e.g., the intended han-
dler is bypassed), confusing error reporting, or unexpected termination 
when the raised exception is not captured by the selected handler. 
For instance, issue #1361312 from the Requests project describes an 
exception handling bug in which a HTTPError was handled instead 
of the more general RequestException. As noted by a developer, ‘‘the 
solution is to have raise_for_status handle RequestException instead of 
just HTTPError ’’, ensuring that failures are captured consistently and 
do not propagate unexpectedly.

Unexpected Raising (1.49%). This root cause refers to scenarios 
where exceptions are raised unnecessarily or in unintended code loca-
tions. These cases typically manifest as disruptions to normal execution, 
premature termination of a feature, or partial functionality, even when 
the program could proceed safely. Issue #455413 from the Pandas
project illustrates this root cause, where a developer indicated that a
raise condition triggering a TypeError should be removed, because it 
unnecessarily prevented valid execution paths.

Wrong Raise Type (1.49%). This root cause involves instances 
where exceptions are raised using an incorrect exception type, leading 

8 https://github.com/numpy/numpy/issues/10185
9 https://github.com/scikit-learn/scikit-learn/issues/1155
10 https://github.com/robotframework/robotframework/issues/2217
11 https://github.com/Lightning-AI/pytorch-lightning/issues/6745
12 https://github.com/psf/requests/issues/496
13 https://github.com/pandas-dev/pandas/issues/4554
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https://github.com/OpenBB-finance/OpenBBTerminal/issues/2762
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https://github.com/Lightning-AI/pytorch-lightning/issues/6745
https://github.com/psf/requests/issues/496
https://github.com/pandas-dev/pandas/issues/4554
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Fig. 2.  Distribution of exception handling bug root causes across project domains.
to potential confusion during error handling. In practice, this can 
mislead developers during debugging, trigger inappropriate handling 
logic, or cause failures to be mishandled when callers catch a different 
exception type than the one raised. Consequently, error recovery be-
comes less reliable, and error diagnosis more difficult. Issue #1310314 
from the NumPy project exemplifies this scenario: the fix required 
changing a ValueError to a TypeError to better reflect the actual issue.

Import-Related Exception (0.96%). This root cause refers to er-
rors encountered during module or dependency loading, where import 
failures are not handled appropriately or where exception handling 
around imports leads to inconsistent initialization behavior. In practice, 
these cases often manifest as crashes at startup, incomplete feature 
availability (modules silently missing), or failures in automated en-
vironments (e.g., CI) due to differences in dependencies. The Spyder 
project’s bug report #245615 illustrates this scenario, where adding 
appropriate handling around imports prevents execution from failing 
during initialization and enables more robust recovery when depen-
dencies are unavailable. This approach is common in Python due to 
the flexibility in handling module imports since developers can use 
the try-except clause to gracefully handle situations where imports 
may fail, making recovery possible for exceptional program execution.

Improper Finally Block Usage (0.32%). This root cause encom-
passes errors in cleanup logic associated with finally blocks, such 
as missing cleanup actions, incorrect cleanup execution, or inappro-
priate use of finally. In practice, these issues frequently manifest 
as resource leaks, inconsistent runtime state (e.g., unclosed database 
sessions or file handles), or performance degradation when resources 
accumulate across executions. Pull-request #834416 from the Freq-
trade project exemplifies this root cause, where improper closing of a 
database session required correction to ensure resources are released 
correctly.

Python Version Compatibility Issue (0.32%). This root cause 
arises when exception handling behavior or code constructs are in-
compatible with a particular Python version or dependency configu-
ration. These cases typically manifest as failures during execution or 
initialization, CI pipeline breakages, or inconsistent behavior across 
environments due to version-specific exception types. Issue #65517 

14 https://github.com/numpy/numpy/issues/13103
15 https://github.com/spyder-ide/spyder/issues/2456
16 https://github.com/freqtrade/freqtrade/pull/8344
17 https://github.com/pytest-dev/pytest/issues/655
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from the Pytest framework illustrates this scenario, where developers 
needed to ‘‘work around different ways that cause Python 2/3 causing 
failures in 3rd party code’’.

    

Summary: We identify 12 root causes associated with exception 
handling bugs. The most frequent root causes are Unhandled 
Exception and Incorrect Handling Action, which account for the ma-
jority of cases and are responsible for a wide range of observable 
execution-level failures, including abrupt termination, incorrect 
recovery behavior, and inconsistent program states.

The findings highlight the need for stronger testing practices that ex-
plicitly exercise exceptional execution paths, particularly those related 
to imports, API usage, and interpreter compatibility. The emergence 
of Python-specific root causes, such as import-related exceptions and 
version incompatibilities, also underscores the importance of multi-
version testing and systematic dependency validation. For researchers, 
these results motivate the development of targeted mutation operators 
and testing strategies designed to expose faults in these scenarios.

4.2.1. Root causes across project domains
To investigate whether the distribution of root causes varies across 

application domains, we analyzed the frequency of each root cause 
within the projects of each domain. Fig.  2 presents a heatmap of 
this distribution, where each cell shows the percentage of root cause 
category in a given project domain.

The results show that Unhandled Exception remains the most fre-
quent root cause in all analyzed domains, although its proportion 
varies across them. For example, it accounts for 41.5% of bugs in 
ML & AI, 52.3% in Web APIs, 52.0% in DevOps/Cloud, 57.4% in 
Developer Tools, and 56.5% in End-user Applications. Interestingly, ML 
& AI exhibits a lower proportion of Unhandled Exception and a higher 
proportion of Missing Exception Raising Condition (16.0%) compared 
with most other domains. Web APIs show a similar pattern, with
Missing Exception Raising Condition accounting for 20.5% of bugs. These 
results suggest that ML/data pipelines and Web APIs often fail not only 
because exceptions are left unhandled, but also because invalid inputs, 
missing validations, or domain-specific preconditions are not explicitly 
signaled early through appropriate raise conditions.

4.2.2. Impact of exception handling bugs
To complement the root-cause taxonomy, we analyzed the observ-
able impact of each confirmed exception handling bug when such 

https://github.com/numpy/numpy/issues/13103
https://github.com/spyder-ide/spyder/issues/2456
https://github.com/freqtrade/freqtrade/pull/8344
https://github.com/pytest-dev/pytest/issues/655


J. Souza et al. Information and Software Technology 199 (2026) 108264 
Table 3
Observable impact of exception handling bugs. Percentages are computed over the 942 confirmed exception handling bugs.
 Impact category Description Count (%) Most frequent root causes
 Incorrect Behavior Program continues execution but produces wrong 

outcomes, such as incorrect recovery, unexpected 
control flow, or inconsistent data.

600 (63.7%) Unhandled Exception (336); Incorrect Handling 
Action (128); Missing Exception Raising 
Condition (70)

 

 Crash or Abrupt Termination Program execution is unexpectedly interrupted due 
to an unhandled or improperly propagated 
exception.

116 (12.3%) Unhandled Exception (72); Incorrect Handling 
Action (19); Missing Exception Raising 
Condition (11)

 

 Misleading Diagnostics Error messages are inaccurate, incomplete, or 
obscure the actual failure, hindering debugging 
and root-cause identification.

86 (9.1%) Improper Exception Message (58); Unhandled 
Exception (13); Missing Exception Raising 
Condition (6)

 

 Silent Failure Exceptions are suppressed or handled too broadly, 
hiding the underlying problem while the program 
appears to continue normally.

82 (8.7%) Incorrect Handling Action (37); Unhandled 
Exception (29); Missing Exception Raising 
Condition (7)

 

 CI/Build Disruption Exception handling defects cause build or test-suite 
failures, blocking continuous integration 
workflows.

34 (3.6%) Unhandled Exception (16); Incorrect Handling 
Action (7); Missing Exception Raising Condition 
(5)

 

 Performance Degradation Improper exception handling introduces 
unnecessary overhead, such as catching and 
re-raising exceptions in hot paths.

16 (1.7%) Incorrect Handling Action (8); Unhandled 
Exception (7); Wrong Exception Type (1)

 

 Compatibility Failure Exception handling code breaks across API 
versions, library updates, or Python versions.

8 (0.8%) Unhandled Exception (3); API-Related 
Exception Handling Errors (2); Incorrect 
Handling Action (2)

 

information was available in issue reports, pull requests, commit mes-
sages, code review discussions, or associated tests. Table  3 summarizes 
the seven impact categories identified in our dataset, together with 
their frequency and most frequent associated root causes. It shows 
that Incorrect Behavior is by far the most common impact, accounting 
for 600 cases (63.7%). This indicates that exception handling bugs 
not only crash programs, but often allow execution to continue while 
producing incorrect outputs, inconsistent states, or unintended control 
flow. The second most frequent impact is Crash or Abrupt Termination, 
with 116 cases (12.3%), followed by Misleading Diagnostics (86 cases, 
9.1%) and Silent Failure (82 cases, 8.7%). Less frequent impacts include
CI/Build Disruption (34 cases, 3.6%), Performance Degradation (16 cases, 
1.7%), and Compatibility Failure (8 cases, 0.8%). These results show that 
exception handling bugs affect execution correctness and reliability, 
but also hinder debugging, disrupt CI workflows, degrade performance, 
and expose compatibility problems. Representative examples for each 
category remain available in the supplementary material [26].

4.3. RQ3. How are exception handling bugs fixed in python projects?

We next analyze how developers fix exception handling bugs. From 
the fixes associated with the bugs identified in our dataset, we derived 
25 fix patterns grouped into ten categories using the open coding 
procedure described in Section 3. Table  4 summarizes these fix patterns, 
reporting the corresponding fixes and their frequency and percentage 
in the analyzed dataset.

Exception handling Block Operations (37.16%). This fix pattern 
group captures changes related to the introduction, removal, or re-
location of exception handling blocks. It includes fixes such as Add 
an exception handling block (30.89%), Remove an exception handling 
block (4.14%), Move the exception handling block (1.49%), and Add an 
exception handling block and raise an exception (0.64%). These fixes 
reflect developers’ efforts to explicitly handle exceptional conditions 
rather than allowing exceptions to propagate. For instance, pull request 
#86018 in the Pytube library illustrates a case in which a developer in-
troduces an exception handling block to enable graceful recovery from 
an exceptional condition, thereby preventing unexpected interruptions 
in program execution.

Exception Handling Type Operations (23.89%). This group com-
prises fixes that modify the exception types being handled, aiming 

18 https://github.com/pytube/pytube/pull/860
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to align exception handling with the actual failure conditions. It in-
cludes:Change to an appropriate exception type (14.65%), Add an appro-
priate exception type (8.92%), Remove a specific exception type (0.21%),
Add an appropriate exception type (0.11%). Such fixes improve the pre-
cision of exception handling mechanisms and reduce the use of overly 
generic handlers. An illustrative example is pull request #5856419 from 
the Ansible project, in which a developer adds handling for OSError
to properly manage and ignore a specific error scenario.

Improve Raising Conditions (19.63%). This fix pattern group 
addresses refinements to the conditions under which exceptions are 
raised, ensuring that exceptions are triggered only when genuinely 
exceptional situations occur. The group includes Add a raise condition 
(16.45%), Change the raise type (1.80%), Remove a raise statement 
(1.17%), Move the raise expression (0.21%), and Change the exception 
type and raise an exception (0.11%). These fixes often prevent unnec-
essary disruption of control flow. For example, pull request #430420 
from the Pandas project introduces a raise ValueError statement 
to explicitly and consistently signal invalid input.

Change the Exception Code Logic (10.08%). This group includes 
fixes in which developers restructure the surrounding logic of excep-
tion handling code, often using exceptions as part of the program’s 
control flow. Such fixes are particularly common in Python, where 
developers frequently adopt the EAFP (Easier to Ask for Forgiveness 
than Permission) coding style [41]. Pull-request #27321 from the AWS 
CLI project exemplifies this pattern, where the logic is adjusted by 
introducing additional checks inside a try-except block to ensure 
correct parsing behavior.

Change the Message Error (5.41%). This fix pattern focuses on 
improving the clarity and informativeness of error messages associated 
with exceptions. Clear error messages support debugging, log inspec-
tion, and the effective use of third-party libraries. Pull request #744022 
from the PyTorch Geometric library illustrates this pattern, where a 
developer refines the error message produced when invalid values are 
passed to the LinkNeighborLoader class.

Re-raise an Exception (1.17%). This group includes fixes in which 
developers explicitly re-raise a previously caught exception to preserve 
failure behavior while potentially adding contextual information. Best 
practices recommend logging or enriching the exception before re-
raising it [42]. A representative example is the mitmproxy commit fix,23 

19 https://github.com/ansible/ansible/pull/58564
20 https://github.com/pandas-dev/pandas/pull/4304/files
21 https://github.com/aws/aws-cli/pull/273
22 https://github.com/pyg-team/pytorch_geometric/pull/7440
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Table 4
Exception handling bugs distribution by fixes.
 Fix Pattern Group Fix Pattern Count Percentage Total Group Perc.
 
Exception handling block operations

Add an exception handling block 291 30.89

37.16

 
 Remove the exception handling block 39 4.14  
 Move the exception handling block 14 1.49  
 Add an exception handling block and raise an exception 6 0.64  
 
Exception handling type operations

Change to appropriate exception type 138 14.65

23.89

 
 Add appropriate exception type 84 8.92  
 Remove a specific exception type 2 0.21  
 Add appropriate exception type and add a raise condition 1 0.11  
 

Improve raising conditions

Add a raise condition 155 16.45

19.63

 
 Change the raise type 17 1.80  
 Remove a raise statement 10 1.06  
 Move the raise expression 2 0.21  
 Change the exception type and raise an exception 1 0.11  
 Change the exception code logic Change the exception code logic 95 10.08 10.08  
 Improve the message error Improve the message error 51 5.41 5.41  
 Re-raise an exception Re-raise an exception 11 1.17 1.17  
 Import with an exception handling code Import with an exception handling code 11 1.17 1.17  
 
EH Anti-Patterns

Add a Swallowing Exception 3 0.32

0.75

 
 Change exception to generic type 2 0.21  
 Remove the Swallowing Exception 1 0.11  
 Skip test using Swallowing Exception 1 0.11  
 Improve the Finally Mechanism Add a finally mechanism 3 0.32 0.43  
 Remove finally mechanism 1 0.11  
 Fix API version Fix API call and/or version 2 0.21 0.21  
 Python Version Compatibility Issue Workaround to fix Python 2/3 incompatibility errors 1 0.11 0.11  
 Grand Total 942 100.00% 100.00%  
which demonstrates a developer who re-raises protocol-related excep-
tions to preserve the full stack trace, thereby improving debugging and 
error inspection.

Import with an Exception Handling Code (1.06%). This fix pat-
tern involves surrounding module imports with exception handling 
logic to handle failures during initialization or dependency loading. 
This approach allows programs to recover gracefully when optional or 
environment-specific dependencies are unavailable. A pull request from 
the Ansible project demonstrates this pattern, in which a try-except
block is added around an import to ensure compatibility with a newer 
API version.

EH Anti-Patterns (0.75%). This group captures fixes that intro-
duce, modify, or remove exception handling anti-patterns, including
Add a Swallowing Exception (0.32%), Change exception to generic type
(0.21%), Remove the Swallowing Exception (0.11%), and Skip test using 
Swallowing Exception (0.11%). Such patterns are generally discour-
aged, as they obscure failures and complicate debugging. Pull re-
quest #502224 from the Pandas project illustrates a corrective action 
addressing the broad exception exception handling anti-pattern .

This fix pattern group includes changes to finally blocks to 
ensure proper cleanup and resource management. It includes Add a 
finally mechanism (0.32%) and Remove finally mechanism (0.11%). Pull 
request #834425 from the Freqtrade project exemplifies this pattern, 
where a finally block is introduced to reliably release concurrent 
resources.

Fix API version (0.21%). This group includes fixes applied when 
API version mismatches are identified as the root cause of exception 
handling issues. Developers typically adjust API usage and surround 
calls with appropriate exception handling. Pull request #744826 from 

23 https://github.com/mhils/mitmproxy/commit/
b768b51327821d7d8db83dfe2362da3896059703
24 https://github.com/pandas-dev/pandas/pull/5022
25 https://github.com/freqtrade/freqtrade/pull/8344
26 https://github.com/pandas-dev/pandas/pull/7448
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the Pandas project illustrates a fix that updates the dependency API to 
restore correct exception behavior.

Python Version Compatibility Issue (0.11%). Developers apply 
this fix pattern group by addressing compatibility issues across Python 
versions by introducing version-specific workarounds in exception han-
dling logic. Issue #65527 from the Pytest library demonstrates such a 
case, where developers implement adjustments to accommodate differ-
ences between Python 2 and Python 3 exception handling.

    

Summary: We identify 25 fix patterns for exception handling 
bugs. The most prevalent patterns Add an exception handling block,
Change to an appropriate exception type, and Add a raise condition
account for nearly 62% of all fixes, indicating that developers 
mainly address exception handling bugs by introducing explicit 
handling mechanisms and refining exception signaling.

The predominance of fix patterns such as adding exception handling 
mechanisms, refining raise conditions, and correcting exception types 
indicates that developers typically resolve exception handling bugs by 
making error handling more explicit and precise. This observation sug-
gests that automated repair and recommendation tools could prioritize 
these dominant strategies as repair templates.

4.4. RQ4. What is the relation between fixes and root causes of exception 
handling bugs?

After analyzing the fix patterns applied to exception handling bugs, 
we examined whether repair strategies vary across root cause cate-
gories. Fig.  3 presents the normalized co-occurrence matrix relating 12 
root causes to 11 fix pattern groups across 942 instances. A chi-square 
test of independence rejects the null hypothesis (𝜒2(110, N=942) = 
2007.77, 𝑝 < 0.001), indicating a moderate-to-strong association be-
tween root causes and fix patterns.

27 https://github.com/pytest-dev/pytest/issues/655
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Fig. 3. Distribution of fix patterns group and root causes.
To quantify the strength of this relationship, we report the bias-
corrected Cramer’s 𝑉 , which yields 0.45 (95% confidence interval 
[0.38, 0.55]), corresponding to a moderate-to-strong association. This 
effect size indicates that repair actions are not evenly distributed across 
root causes; instead, several root causes are associated with dominant 
fix strategies, suggesting that developers tend to apply targeted repairs 
aligned with the underlying cause of the exception handling bugs.

Unhandled Exception. Developers primarily fix this root cause 
using Exception handling block operations, which account for 54.3% of 
the fixes. Other strategies include Exception type operations (29.1%),
Improving raise conditions (7.3%), and Changing the exception code logic
(6.5%), while the remaining fixes account for 2.7%. Fig.  4(a) illustrates 
an example patch where a try-except block is added to handle 
a UnicodeEncodeError. This relationship is also supported by the stan-
dardized residual analysis (residual = 6.14), indicating that Exception 
Handling Block Operations occur substantially more often than expected 
for this root cause.

Incorrect Handling Action. Developers fix this root cause using 
several strategies, primarily Exception handling block operations (29.1%), 
followed by Change the exception code logic (27.2%) and Improving raise 
conditions (20.4%). Other fixes include Exception type operations, EH 
anti-pattern corrections, Improve message error, and Improve the finally 
mechanism. Fig.  4(b) shows a patch fixing the Incorrect Handling Action
root cause scenario where the logic execution order is incorrect, thus 
leading to the error. Standardized residual analysis shows a strong 
association between Incorrect Handling Action and Change the Exception 
Code Logic (residual = 7.73), indicating that developers often resolve 
this root cause by restructuring exception-related logic rather than 
modifying the exception itself.

Missing Exception Raising Condition. Developers primarily ad-
dress this root cause by Improving raising conditions (69.7%), followed by
Exception handling block operations (14.1%) and Exception type operations
(13.1%). The remaining fixes account for 3.0%. Fig.  4(c) illustrates a 
10 
Fig. 4. Different root causes and their respective fixes in exception handling 
bugs.
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Fig. 4. (continued).

patch where a missing raise statement is added. This relationship 
is reinforced by the standardized residual analysis (residual = 11.24), 
indicating a strong association between this root cause and the Improve 
Raising Conditions fix pattern.
11 
Improper Exception Message. Developers primarily fix this root 
cause by Improving the exception message (72.6%). Other strategies 
include Improving raising conditions (12.9%), Exception type operations
(6.5%), and Exception handling block operations (4.8%), while Re-raising 
an exception accounts for 1.6%. Fig.  4(d) illustrates a patch improving 
the exception message. The standardized residual analysis (residual = 
22.73) shows the strongest association observed in our study, indicating 
that developers overwhelmingly address this root cause by refining 
exception messages rather than applying alternative fixes.

Incorrect Re-raising of Exceptions. Developers primarily address 
this root cause by Improving raising conditions (57.9%), followed by
Exception type operations (31.6%) and Exception handling block operations
(10.5%), reinforcing the importance of proper exception handling and 
raising mechanisms to ensure effective re-raising of exceptions. Fig. 
4(e) illustrates a patch in which DataError is changed to VariableError
to correct the re-raised exception.

API-Related Exception Handling Errors. Developers primarily fix 
this root cause using Exception type operations and Exception handling 
block operations, which together account for 50% of the fixes. Other 
strategies include Improving raising conditions and Import with an ex-
ception handling code (33.4%), followed by Change the exception code 
logic (11.1%) and Fix API version (5.6%). Fig.  4(f) illustrates a patch 
introducing new tags required by a newer MLFlow API version.

Wrong Exception Type. Developers primarily fix this root cause 
using Exception type operations (61.1%), followed by Exception han-
dling block operations (16.7%), Improve raising conditions (11.1%), EH 
anti-pattern corrections (5.6%), and Change the exception handling code
(5.6%). Fig.  4(g) illustrates a patch correcting the exception type.

Unexpected Raising. Developers fix this root cause using Improve 
raising conditions (35.7%), Exception handling block operations (35.7%), 
and Exception type operations (28.6%). Fig.  4(h) illustrates a fix from 
Pandas where an unnecessary raise statement is removed that in-
volves applying fixes to improve raising mechanisms.

Wrong Raise Type. Developers fix this root cause mainly through
Improve raising conditions (71.4%), followed by Exception type operations
(14.3%) and Change the exception code logic (14.3%). These fixes em-
phasize the importance of using the correct raise types in the code, 
thereby addressing cases where incorrect raise types were used. Fig.  4(i) 
shows a patch in which ValueError is changed to TypeError to correct 
the raised exception type.

Import-Related Exception. Developers mainly fix this root cause 
using Import with exception handling code (44.4%), followed by EH 
anti-pattern corrections (33.3%), and both Change the exception code 
logic and Exception type operations (11.1% each). Fig.  4(j) illustrates a 
patch adding an except block to prevent application crashes during 
an import, demonstrating how developers face challenges specific to 
importing modules in Python. This association is reinforced by a large 
standardized residual (12.01), indicating a consistent fix strategy for 
import-related failures.

Improper Finally Block Usage. Developers fix this root cause 
mainly by Improving the finally mechanism (66.7%) and, less frequently, 
by Changing the exception code logic (33.3%). Fig.  4(k) illustrates a 
patch, which consists of adding the finally block. The finally
block is essential to ensure robust cleanup procedures in critical sec-
tions of the codebase (database connections, file handling, and other 
resource-intensive tasks.

Python Version Compatibility Issue. Developers fix exception 
handling bugs with this root cause using Exception handling block oper-
ations (66.7%) and Python version incompatibility fixes (33.3%). The first 
denotes the primary strategy, whereas the latter directly addresses is-
sues arising from differences across Python versions. Fig.  4(l) illustrates 
an example patch resolving this compatibility issue.
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Fig. 5. Distribution across exception handling fixes and anti-patterns.
    

Summary: We observe a statistically significant and moderate-to-
strong association between exception handling root causes and 
fix patterns. This indicates that developers tend to apply tar-
geted fixes aligned with the underlying causes of exception han-
dling bugs. The strongest associations occur for the root causes
Missing Exception Raising Condition, Improper Exception Message,
Unhandled Exception, and Import-Related Exception.

The results show that several root causes are associated with highly 
concentrated repair strategies, indicating that identifying the underly-
ing root cause can effectively guide fix recommendations. This obser-
vation opens opportunities for automated detection and repair tools to 
provide more targeted interventions. For instance, tools could recom-
mend introducing handling blocks for unhandled exceptions, refining 
raise conditions when exception signaling is incomplete, or improving 
diagnostic messages when error communication is insufficient. From a 
research perspective, these structured mappings between root causes 
and fixes provide a valuable foundation for developing predictive and 
learning-based repair models.

4.5. RQ5. Does exception handling bug fixing influence the occurrence 
of exception handling anti-patterns?

Beyond analyzing the prevalence of exception handling anti-patterns
in RQ1, we examined whether specific fix patterns are associated with 
the introduction or modification of anti-patterns. Fig.  5 presents the 
normalized co-occurrence matrix relating 10 fix groups to 8 exception 
handling anti-patterns categories, enabling us to analyze how different 
fixes contribute to the introduction of exception handling anti-patterns.

Improve Raising Conditions. This fix pattern group addresses 
changes related to raising conditions, including adding, removing, or 
modifying raise statements. It introduces several anti-patterns, most 
notably Too Broad Except (40.0%) and Bare Raise (36.7%), highlighting 
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challenges in selecting appropriate raising conditions. Other exception 
handling anti-patterns are introduced less frequently, including Bare 
Except (11.67%).

Change the Exception Code Logic. This fix pattern group is as-
sociated with several introduced exception handling anti-patterns, in-
cluding Too Broad Except (32.7%), Swallowing Exception (21.8%), Bare 
Raise (16.4%), and Bare Except (14.6%). These results highlight the 
complexity of modifying exception-related logic, indicating that while 
this fix may address specific logic issues, it introduces diverse exception 
handling anti-patterns.

Exception Type Operations. This fix pattern group introduces 
several exception handling anti-patterns, most notably Too Broad Except
(36.2%). Other predominant anti-patterns include Swallowing Exception
(22.8%), Bare Raise (18.79%), and Bare Except (14.8%). Although these 
fixes aim to improve the robustness of exception handling by modifying 
exception types, they may inadvertently introduce anti-patterns during 
the repair process.

EH Anti-Patterns. This fix pattern group targets issues related to 
the presence of exception handling anti-patterns. Our analysis shows 
that although these fixes resolve specific issues, they may inadvertently 
introduce new exception handling anti-patterns. In particular, Swal-
lowing Exception accounts for 40.0% of the introduced anti-patterns, 
followed by Too Broad Except (30.0%), Bare Except (20.0%), and Nested 
Try (10.0%). This result aligns with prior studies [20] highlighting 
the challenges of refactoring exception handling anti-patterns, where 
resolving one issue may unintentionally introduce another.

Re-raise an Exception. This fix pattern group, centered around 
re-raising exceptions, introduces specific anti-patterns during its ap-
plication. With Too Broad Except representing 60.0%, Bare Raise rep-
resenting 30.0%, and Nested Try representing 10.0% of the exception 
handling anti-patterns.

Fix API Version. This fix pattern group addresses issues related 
to API version compatibility or errors. These fixes contains exception 
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Table 5
Before-and-after analysis of exception handling anti-patterns in bug-fixing commits.
 EH anti-pattern Before After Delta % change
 Too Broad Except 2574 2685 +111 4.31%  
 Swallowing Exceptions 1798 1851 +53 2.95%  
 Too Broad Raising 739 753 +14 1.89%  
 Bare Except Catch Block 658 680 +22 3.34%  
 Nested Try-Except Blocks 48 49 +1 2.08%  
 Bare Raise Block 26 21 −5 −19.23% 
 Bare Raise inside Finally 1 1 0 0.00%  
 Total 5,844 6,040 +196 3.35%  
 

handling anti-patterns such as Bare Except (66.7%) and Too Broad Ex-
cept (33.3%). These anti-patterns underscore the trade-offs of ensuring 
API version compatibility, suggesting that developers must carefully 
manage potential anti-patterns introduced during the process.

Improve the Finally Mechanism. The fix pattern group addresses 
issues within the finally mechanism, i.e., Add or remove a finally mech-
anism. This fix may introduce the Try and Return exception handling 
anti-pattern in 100% of the fixes analyzed.

Import With an Exception Handling Code. The fix pattern group 
is designed to handle import-related issues. However, its application 
introduces the Swallowing Exception exception handling anti-pattern, 
which represents 100%. This highlights a potential downside of this 
fix, underscoring the importance of developers being aware during 
import-related fixes.

Exception Handling Block Operations. This fix pattern group 
modifies existing exception handling blocks to remove bugs, including 
adding, removing, or relocating blocks. These fixes may introduce 
several exception handling anti-patterns (six in total), most notably
Too Broad Except (35.9%), followed by Swallowing Exception (19.9%),
Bare Raise (18.0%), and Bare Except (16.0%). Although these fixes 
improve exception handling mechanisms, developers should remain 
aware of the potential introduction of anti-patterns. For example, pytest 
PR #786 fixes a bug in which PrettyPrinter.pformat() fails 
when formatting sets containing unsortable elements. The fix adds a
try-except block around the formatting logic and falls back to using
repr() when formatting fails. Although this change prevents failures 
and improves the robustness of the formatting behavior, the added 
handler catches the generic Exception, which violates the Too Broad 
Except anti-pattern.

Improve the Message Error. This fix pattern group focuses on 
refining error messages. While addressing message-related issues, it 
may introduce exception handling anti-patterns such as Too Broad 
Except (44.4%), Nested Try (22.2%), Swallowing Exception (11.1%), Bare 
Raise (11.1%), and Bare Except (11.1%). These results suggest that 
message-related fixes often occur alongside existing exception handling 
practices rather than explicitly removing or adding exception handling 
anti-patterns.

To investigate whether the occurrence of exception handling anti-
patterns depends on the type of fix applied, we performed a chi-square 
test of independence between fix groups and anti-pattern categories. 
The test did not reject the null hypothesis (𝜒2(63, N=504) = 67.07, 
p = 0.34), indicating that the distribution of exception handling anti-
pattern categories does not significantly differ across fix groups. Con-
sistent with this result, the bias-corrected Cramer’s 𝑉  was 0.034 (95% 
bootstrap CI [0.025, 0.150]), indicating a negligible association. We 
also performed a before-and-after analysis to distinguish exception 
handling anti-patterns that were already present before the fix from 
those added or removed during the repair. Table  5 reports the detailed 
before-and-after counts for each exception handling anti-pattern cate-
gory. Positive delta values indicate anti-pattern occurrences added after 
the fix, whereas negative values indicate removals.

The analysis shows that many exception handling anti-patterns 
observed after fixing were already present in the buggy version and 
preserved after the repair. However, the total number of anti-pattern 
13 
occurrences increased from 5844 before the fixes to 6040 after the 
fixes, a net increase of 196 occurrences, corresponding to a 3.35% 
increase. The largest absolute increases occurred for Too Broad Except
(+111), Swallowing Exceptions (+53), and Bare Except Catch Block (+22), 
whereas Bare Raise Block decreased by five occurrences. These findings 
suggest that although exception handling fixes do not systematically 
introduce specific categories of exception handling anti-patterns, they 
may still preserve or slightly increase during bug fixing.

    

Summary: Many exception handling anti-patterns were already 
present before the fix, but exception handling fixes still resulted in 
a net increase of 196 anti-pattern occurrences. Their occurrence 
is statistically independent of the applied fix strategy, indicating 
that anti-patterns may arise across diverse fixing activities. The 
most frequent case is Too Broad Except, which appears in seven 
of the ten fix groups.

These results refine our interpretation by showing that many ex-
ception handling anti-patterns were preserved from the buggy version 
rather than introduced directly by the fixes. However, the observed 
net increase indicates that exception handling fixes can still intro-
duce maintainability risks, particularly through broad handlers and 
swallowed exceptions. Thus, developers, reviewers, and tools should 
mitigate this risk by incorporating change-aware analyses to detect 
exception handling anti-patterns during bug fixes and by integrating 
these checks into continuous integration pipelines to provide early 
feedback to developers.

5. Implications

Our findings from RQ1 indicate that exception handling anti-patterns
such as Swallowing Exceptions and overly broad handlers (Too Broad 
Except) remain highly prevalent in Python projects. This observa-
tion aligns with prior studies on Java that report widespread use of 
generic catch blocks and silent exception suppression, both of which 
are associated with reduced reliability and maintainability [8,15]. In 
Python, excessive use of generic exception handling can obscure the 
root cause of failures and hinder debugging. Therefore, developers 
should prioritize more precise exception typing and informative er-
ror reporting, while tool support should emphasize the detection of 
exception handling anti-patterns that compromise fault diagnosis.

Our analysis of root causes (RQ2) provides insights for identify-
ing common exception handling bugs in Python projects. Table  6 
compares our root cause taxonomy with related concepts reported in 
prior exception handling studies.  Extending prior studies on exception 
handling bugs in Java, Android, cloud systems, and exception handling 
anti-patterns [8,13,15,29,43,44], we observe that several root causes 
have strong conceptual counterparts in prior work, such as Unhandled 
Exception, Incorrect Handling Action, Wrong Exception Type, and Improper 
Finally Block Usage. At the same time, we identify root causes that 
are especially relevant in the Python ecosystem, such as Import-Related 
Exception and Python Version Compatibility Issue. These categories are 
closely related to Python’s runtime import model and optional depen-
dency handling. To mitigate these issues, developers should strengthen 
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Table 6
Taxonomy-level comparison between the root causes identified in our Python study and related concepts reported in prior exception handling studies.
 Root Cause Related concepts in prior studies Supporting studies Similarity Python-specific aspect
 
Unhandled Exception

Missing handler, uncaught exception, unhandled 
runtime exception, unhandled exception 
anti-pattern

[8,13,15,29,43,44] Strong Frequent due to runtime failures 
and lack of checked exceptions; 
absence of handling is only 
exposed during execution.

 

 Incorrect Handling Action Faulty handler behavior, incorrect recovery action, 
inappropriate fallback, handler logic faults

[13,15,29,43,44,46] Strong Often related to Python’s EAFP 
style, where handlers are part of 
normal control-flow decisions.

 

 Missing Exception Raising 
Condition

Missing error signaling, missing validation, failure 
to report exceptional state

[15,47,48] Moderate Particularly relevant in Python 
because invalid states may 
propagate dynamically until later 
runtime failures.

 

 Improper Exception 
Message

Inconsistent or misleading diagnostic information; 
inaccurate exception/message relation

[47,49] Moderate Important in Python libraries, 
where exceptions and messages 
are often the primary API-level 
diagnostic mechanism.

 

 Incorrect Re-raising of 
Exceptions

Incorrect propagation, destructive remapping, 
exception wrapping, loss of diagnostic context

[10,11,13,15,29] Strong Python traceback preservation 
and explicit re-raising semantics 
make this category especially 
relevant.

 

 API-Related Exception 
Handling Errors

API-induced exception bugs, undocumented 
exceptions, framework-specific exceptions

[11,29,43,44,46] Strong Often caused by dependency 
updates and unstable runtime 
contracts in Python package 
ecosystems.

 

 Wrong Exception Type Wrong caught/thrown exception type; overly 
general or inappropriate exception selection

[10,11,13,15,49] Strong Not checked at compile time; 
handlers may fail to catch the 
intended exception only at 
runtime.

 

 Unexpected Raising Unnecessary throwing, overly defensive exception 
behavior, inappropriate exceptional control flow

[13,15,29,49] Moderate Can be linked to permissive 
runtime behavior and validation 
style in Python libraries.

 

 Wrong Raise Type Wrong thrown exception type, inappropriate 
exception construction

[13,15,29,49] Strong Python permits flexible runtime 
raising patterns, increasing 
dependence on developer 
discipline.

 

 Import-Related Exception Dependency/configuration failures, optional 
dependency failures, API/environment failures

[11,43,44,46,50] Weak to moderate Python-specific because imports 
are executable runtime 
statements, and optional imports 
are commonly guarded with
try-except blocks.

 

 Improper Finally Block 
Usage

Cleanup faults, resource-release errors, 
finally-related defects

[10,12,13,15,29] Strong Similar to other languages, 
Python provides an alternative 
construct for cleanup.

 

 Python Version 
Compatibility Issue

Environment/version-related exception bugs, 
platform/runtime-specific exception behavior

[11,44,50] Weak to moderate Arising from Python 2/3 
differences, interpreter behavior, 
and version-dependent library 
semantics.

 

testing practices, for example, by applying differential testing across 
multiple Python interpreters and environments. These findings also 
suggest opportunities to improve testing techniques by tailoring mu-
tation operators to exception handling mechanisms. Building on prior 
work advocating exception mutation operators [45], we propose two 
operators targeting root-cause-specific scenarios: Changing the Raise 
Type, which modifies exception types to expose bugs related to the
Wrong Raise Type root cause, and Remove the Try Block Around Imports, 
which removes try blocks surrounding import statements to reveal bugs 
associated with Import-Related Exceptions. These operators may help 
developers design more effective test suites for detecting exception 
handling bugs.

Our findings highlight opportunities to improve automated excep-
tion handling tools. Prior work has explored mining missing API error-
handling specifications [51], detecting inconsistent exceptions and mes-
sages [47], recommending exception types [49], recommending han-
dling locations [52], and generating exception handling code [53–55]. 
Recent work also explores machine learning and LLM-based support, 
such as Neural Exception Handling Recommender [56], Neurex [55], 
Seeker [57], and SHIELDA [58]. Our results complement these efforts 
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by providing Python-specific evidence of root causes, fix patterns, 
and exception handling anti-patterns observed in real bug fixes. In 
particular, the prevalence of Unhandled Exception, Missing Exception 
Raising Condition, and Improper Exception Message suggests that future 
tools should detect missing handling and validation logic, recommend 
suitable exception types, and verify whether generated fixes introduce 
exception handling anti-patterns.

Regarding RQ4, our results show that repair strategies are not 
applied arbitrarily. The chi-square test reveals a significant association 
between root causes and fix patterns with a moderate-to-strong effect 
size, indicating that developers tend to apply targeted repairs aligned 
with the underlying cause of the exception handling bugs. For instance, 
API-related root causes are often addressed by adjusting exception types 
or refining exception handling mechanisms, whereas missing raising 
conditions are typically resolved by introducing or refining raise
statements. These associations suggest opportunities for rule-based or 
learning-based systems that recommend repair strategies based on the 
identified root cause.

In contrast, our analysis of fix patterns and anti-patterns (RQ5) 
indicates that the occurrence of exception handling anti-patterns does 
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not significantly depend on the type of fix applied. The chi-square test 
revealed no statistically significant association and a negligible effect 
size, suggesting that anti-patterns are dispersed across fix categories 
rather than concentrated in specific repair strategies. Consequently, 
developers may introduce exception handling anti-patterns regardless 
of the repair strategy employed. This finding reinforces the need for 
independent detection mechanisms capable of identifying exception 
handling anti-patterns during maintenance activities and highlights 
opportunities for tools that prevent the introduction of anti-patterns 
during exception handling fixes.

6. Threats to validity

We discuss threats to validity in accordance with the guidelines of 
Wohlin et al. [59].

6.1. Construct validity

A potential threat concerns the accuracy of our tool for extracting 
exception handling anti-patterns. To mitigate this threat, we exten-
sively tested and manually validated the tool (Section 3.5) and relied 
on a parser library [28] to detect patterns previously used in related 
studies [60,61]. Another threat is the omission of exception handling 
bugs that are not associated with commits retrieved via generic bug-
related keywords [46]. In our approach, keyword filtering is used only 
to identify a broad set of bug-fixing activities. The classification of 
a bug as an exception handling bug is determined by whether the 
corresponding fix modifies exception handling mechanisms at the code 
level, as done in prior studies [29]. Therefore, even when exception 
handling is not explicitly mentioned in commit messages or issues, fixes 
that affect exception handling code are still captured.

Another threat concerns the use of keywords to retrieve candidate 
bug-fixing commits. Such keywords may miss fixes described with 
alternative, project-specific, vague, or implicit terminology [46]. We 
mitigate this threat by using keywords only as an initial retrieval mech-
anism, not as evidence that a bug is related to exception handling. Also, 
the final classification of an exception handling bug relies on code-
level evidence and is followed by manual validation. Nevertheless, our 
dataset represents the universe of exception handling bugs accessible 
through our retrieval strategy and manual validation process, rather 
than an exhaustive collection of all possible exception handling bugs 
in the analyzed projects.

6.2. Internal validity

Our study does not include all exception handling anti-patterns re-
ported in the literature; instead, we focus on the most prevalent ones 
that can be automatically detected without introducing subjectivity. 
Another potential threat arises from the manual labeling process used 
to classify the root causes and fixes of exception handling bugs. To 
reduce subjectivity, eight researchers with more than four years of 
software development experience independently conducted the labeling 
process following an open-coding approach commonly used in empiri-
cal studies [62–65]. The researchers received training and, during the 
analysis, collaboratively refined the categories to ensure consistency.

6.3. External validity

Although our dataset includes many popular Python projects across 
multiple domains, the results may not generalize to other program-
ming languages or projects with different characteristics. To miti-
gate this threat, we selected projects from diverse domains within the 
Python ecosystem, reducing the likelihood that the identified taxonomy 
is domain-specific. Nevertheless, additional studies involving under-
represented domains or proprietary industrial systems could further 
strengthen the external validity of our findings.
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7. Related work

In this section, we present related work on exception handling bugs, 
exception handling practices, developers’ perceptions, the evolution of 
exception handling bugs, and automated approaches.

7.1. Exception handling bugs

Ebert et al. [13] investigated the characteristics of exception han-
dling bugs in Java through a survey with 154 developers and a manual 
classification of bugs by frequency, severity, and fixing difficulty, high-
lighting their prevalence and potential impact. They later reflected on 
how their work shaped subsequent research in the area [14]. Barbosa 
et al. [15] analyzed exceptional faults in Tomcat and Hadoop and 
identified macro-categories of exception-related faults (e.g., suppressed 
exceptions, destructive remapping, overly protective try-blocks), em-
phasizing the role of insufficient information and inappropriate han-
dling.

Complementary to manual categorizations, da Silva et al. [66] pro-
posed an approach to automatically label exception handling bugs from 
10 years of bug-fixing activity in Apache Hadoop, reducing the man-
ual effort required to curate exception-related bug datasets. Pádua 
et al. [6] examined how exception handling practices relate to post-
release defects in Java/C# projects, reporting fewer defects in projects 
with better practices; rather than correlating practices with defect 
rates, our study focuses on characterizing Python exception handling 
bugs through root causes, fix patterns, and the presence of exception 
handling anti-patternsduring bug fixing.

Prior work also studied context-specific ecosystems. Lo et al. [29] 
analyzed exception handling bugs and fixes in Android apps, showing 
that many bugs are related to platform APIs and runtime exceptions. 
Chen et al. [44] examined exception bugs in large-scale cloud systems 
and reported frequent triggering by non-semantic conditions, with 
many issues related to network and file system errors; they also pro-
posed a detection tool (DIET). Sawadpong et al. [67] linked exception 
handling mechanisms to increased defect density in Eclipse releases, 
motivating deeper analyses of exception-related defects.

Although not centered on exception handling bugs, Khan et al. [50] 
assessed the preventive value of static type checking in Python by 
retrospectively applying PEP-484 annotations and mypy to fixed defects 
in 210 projects, finding that a portion of defects could have been 
prevented and identifying common anti-patterns (e.g., reference redefi-
nition, dynamic attribute initialization, null handling). These results re-
inforce that Python-specific language characteristics can systematically 
contribute to runtime failures that often surface as exceptions.

Finally, Coelho et al. [43] analyzed thousands of Android exception 
stack traces and reported that many failures stem from logic errors and 
resource constraints, and that a survey indicated limited awareness of 
undocumented exception behavior. Hassan et al. [68] studied excep-
tions in the field via search logs, showing their practical impact and 
recurrence across projects.

Overall, the closest work to ours remains Java-centered empirical 
studies of exception handling bugs [13,15]. Our study differs by (i) 
providing a large-scale characterization of exception handling bugs in 
Python projects, (ii) jointly analyzing root causes and fix patterns 
(rather than only categorizing bugs), and (iii) empirically examining 
exception handling anti-patternsappearing during bug fixing, offering 
evidence that can inform future detection/repair tools and developer 
guidelines.

7.2. Exception handling practices

Several studies have cataloged exception handling smells and refac-
torings. Rocha et al. [22] proposed a catalog of bad practices and 
refactoring actions, grounded in the capabilities of static analysis tools, 
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while Tarwani and Chug [69] identified additional smell types and 
proposed a template to describe them systematically.

Large-scale analyses further examined practices in real codebases. 
Pádua et al. [9] analyzed exception handling blocks and exception 
flows in Java and C# libraries, reporting frequent cross-method ex-
ception flows and limited documentation. Kim et al. [10] studied Java 
libraries and bug reports, highlighting poor documentation of runtime 
exceptions and a substantial presence of anti-patterns, suggesting that 
developers may underestimate the impact of poor practices. From 
a validation perspective, Hora et al. [70] reported that exceptional 
behaviors are under-tested compared to normal flows, indicating a gap 
between implementation and testing of exception handling.

Developer- and process-oriented studies provide complementary 
context. Melo and Treude [71] derived exception handling guidelines 
from interviews and surveys, showing that guidelines often exist and 
are disseminated through reviews. Jalote et al. [72] investigated robust-
ness in the presence of exception handling changes, indicating fragility 
and opportunities for improvement. João et al. [73] analyzed exception 
handling-related pull requests and found that many changes target 
robustness improvements rather than bug fixes, frequently emphasizing 
user-facing error representation and practical recovery actions. Kecha-
gia et al. [11] studied exceptions in Android and observed that un-
documented exceptions contribute to failures, although documentation 
alone may not change handling behavior.

In contrast to prior work focusing on Java/C# practices, policies, 
and documentation [9–11], our study examines how such practices 
manifest in Python specifically during the fixing process of excep-
tion handling bugs, connecting bugs, fixes, and exception handling 
anti-patternsin a unified empirical characterization.

7.3. Exception handling evolution

Research on evolution has examined how exception handling smells 
and constructs change over time. Pádua and Shang et al. [21] studied 
the prevalence of exception smells in Java/C# projects and showed that 
while many smell types occur, a small subset is particularly prevalent 
and often tied to complex exception flows. Osman et al. [7,74] inves-
tigated long-lived Java systems and reported relatively stable ratios of 
exception handling constructs over time, with project type and domain 
influencing adoption patterns (e.g., applications vs. libraries). Cacho 
et al. [12] related changes in exception code to robustness metrics and 
found that exception handling often requires substantial modifications 
over time. Sousa et al. [8,20] combined surveys and release-based 
analysis in a large Java web system, suggesting that the lack of policy 
and documentation contributes to the continued introduction of smells.

While these studies provide important evidence on the prevalence 
and evolution of exception handling practices in Java/C#, our work 
instead focuses on Python exception handling bugsand complements 
evolution research by empirically examining bad practices that arise 
specifically during bug fixes.

7.4. Developers’ perceptions (developer-centric studies)

Developer-centric work highlights why exception handling remains 
challenging in practice. Cabral and Marques [75] observed that many 
handlers focus on basic actions such as logging, re-throwing, or return-
ing. Shah et al. [76,77] reported that developers often dislike exception 
handling structures, that novices may neglect exception handling due 
to perceived complexity, whereas experts treat it as essential, and 
they proposed models of exception handling strategies grounded in 
developer expertise and fault scope. Kery et al. [40] analyzed millions 
of try/catch blocks and found that local handling is common and that 
poor practices (e.g., empty handlers and generic exceptions) remain 
prevalent. Asaduzzaman et al. [38] likewise identified improper prac-
tices at scale and discussed how developers construct exception chains 
and messages.
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Building on these insights, our study investigates how Python de-
velopers address exception handling bugsin practice and shows that 
exception handling anti-patternscan still appear even during bug fixing, 
motivating guidance and tool support tailored to Python.

7.5. Automated approaches in exception handling

Automated approaches address complementary exception handling 
tasks, including mining missing API error-handling specifications [51], 
detecting inconsistencies between thrown exceptions and messages
[47], recommending exception types [49], and suggesting exception 
handling strategies [78]. Other studies focus on where and how ex-
ceptions should be handled. For example, Jia et al. [52] proposed 
EHAdvisor to recommend handling locations, while Nguyen et al. [54] 
proposed FuzzyCatch to predict potential exceptions and recommend 
handling code. More recent work has explored learning-based and 
neural approaches, including exception handler generation [53], a 
CodeBERT-based programming assistant [55], and neural exception 
handling recommendation [56].

Recent studies also investigate LLM-based support for exception 
handling. For instance, Seeker uses a multi-agent LLM-based framework 
to detect fragile code, identify exception types, and generate handling 
solutions [57]. Similarly, SHIELDA proposes structured handling of 
exceptions in LLM-driven agentic workflows by defining a taxonomy 
of agentic workflow exceptions and organizing recovery through clas-
sification, handling patterns, flow control, and state recovery [58]. 
Our study complements these automated efforts by providing empirical 
evidence of Python-specific root causes, fix patterns, and exception han-
dling anti-patterns observed in real bug-fixing activities. This evidence 
can inform future tools that detect Python exception handling bugs, 
recommend context-aware repairs, and validate whether generated 
handlers introduce anti-patterns.

8. Conclusion

This paper presents an exploratory study of exception handling 
bugs in Python, analyzing their root causes, fix patterns, and their 
relation to exception handling anti-patterns. From 942 exception han-
dling bugs mined across 550 open-source Python projects, we identi-
fied 12 distinct root causes and 25 fix patterns. Unhandled Exceptions
account for more than 50% of the root causes, while Exception Han-
dling Block Operations and Improve Raising Conditions together repre-
sent almost 57% of applied fixes, revealing concentrated, structured 
repair strategies. We also observed that many exception handling anti-
patterns were already present before the fix and preserved after the 
repair. However, exception handling fixes still resulted in a minor 
increase in anti-pattern occurrences, highlighting that maintenance 
activities may introduce or perpetuate poor exception handling prac-
tices. In future studies, we plan to evaluate LLM-generated repairs for 
Python exception handling bugs using our dataset and taxonomy as 
benchmarks for exception handling repair. In particular, we aim to 
assess whether LLMs can identify missing exception handling logic, 
recommend suitable exception types, generate handlers consistent with 
the surrounding program context, and avoid introducing exception 
handling anti-patterns.
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