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ABSTRACT
StackOverflow (SO) is a widely used question-and-answer (Q&A)
website for software developers and computer scientists. GitHub
is an online development platform used for storing, tracking, and
collaborating on software projects. Prior work relates the informa-
tion mined from both platforms without carefully inspecting the
answer-reuse practices. For this paper, we did an empirical study by
mining the SO answers reused by Java projects available on GitHub.
We created a hybrid approach of clone detection, keyword-based
search, and manual inspection, to identify the answer(s) actually
used by developers. Based on those answers, we studied topics of
the discussion threads, answer characteristics (e.g., scores, ages,
code lengths, and text lengths), and developers’ reuse practices.

We observed that most reused answers offer programs to im-
plement specific coding tasks. Among all analyzed SO discussion
threads, the reused answers often have higher scores, older ages,
longer code, and longer text than unused answers. In only 9% of
scenarios (40/430), developers fully copied answer code for reuse. In
the remaining scenarios, they reused partial code or created brand
new code from scratch. Our study characterized 130 SO discussion
threads referred to by Java developers in 357 GitHub projects. Our
observations can guide SO answerers to provide better answers,
and shed lights on future human-centric research that creates better
tools to help with code reuse.

CCS CONCEPTS
• General and reference → Empirical studies; • Software and
its engineering → Development frameworks and environments.
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1 INTRODUCTION
Each month, about 50 million people visit StackOverflow (SO) to
learn, share, and build their careers. Industry estimates suggest
that 20–25 million of these people are professional developers and
univerity-level students [28]. In February 2020, a survey with nearly
65,000 developers shows that when stuck on a coding problem,
90% of respondents visited SO. The fact implies that SO plays an
important role in shaping the art and practices of software today.

Studies were conducted to characterize the crowdsourced knowl-
edge available on SO, or to relate the mined knowledge from SO
and from GitHub [30]. For example, Nasehi et al. [46] manually
inspected 163 unique SO posts with well-received answers; they
found that the explanations accompanying examples are as impor-
tant as the code examples themselves. Vasilescu et al. [50] identified
GitHub developers active on SO, to study their activities on both
platforms. They observed that GitHub committers ask fewer ques-
tions and provide more answers than others. Manes and Baysal [41]
mined the SOTorrent dataset; they found that on average, develop-
ers make 45 references to SO posts in their GitHub projects, with
the highest number of references made in JavaScript code.

However, limited knowledge is available concerning how devel-
opers leverage the crowdsourced knowledge available on SO, and
what kind of SO posts got referenced by GitHub projects. Such
knowledge can guide answerers to provide better answers, assist
questioners to better compare answers, and shed light on new tools
that recommend customized coding solutions to developers based
on SO answers. For this paper, we did an empirical study to explore
the following research questions to complement prior work:

RQ1 What kinds of SO discussion threads are referenced by GitHub
projects? When certain discussion threads have URLs cited
by GitHub projects, we aimed to characterize the discussion
topics. Those topics can reflect developers’ focus when seek-
ing for coding assistance; thus, they can guide researchers,
tool builders, and SO answerers to better help developers.

RQ2 What are the characteristics of reused SO answers? When
an SO discussion thread has multiple alternative answers,
we aimed to characterize the factors (e.g., scores and code
lengths) that may influence developers’ decisions on choos-
ing some answers over the others. Such characteristics can
guide SO answerers to provide answers with higher quality,
and to earn reputation more effectively.

RQ3 How are SO answers reused in GitHub projects? When refer-
ring to SO answers, developers may reuse some or all exem-
plar code, revise the code as needed, or create totally new
code based on the insights. By characterizing the answer-
reuse practices of GitHub developers, we intended to study
how SO answers help shape software products.
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To investigate the research questions mentioned above, we first
used a fullymanaged enterprise datawarehouseGoogle BigQuery [32],
to crawl for Java files in GitHub projects that reference any SO dis-
cussion thread (i.e., URL), and to download 30,000 answer posts
contained by all those referenced SO discussion threads. We chose
Java because it is widely used and we are more familiar with the
language; such a familarity enables us to manually analyze SO posts
and GitHub code with high confidence. An SO discussion thread
typically has a question post and one or more answer posts. As
each post has a URL, developers may reference a discussion thread
via the URL of question and/or any answer in that thread. For each
of the 30,000 downloaded answers, we extracted exemplar code,
text (i.e., code + natural-language explanation), and descriptive
metadata (e.g., scores and creation timestamps).

Based on the crawled data, we applied a novel hybrid approach to
decide which answer(s) in a threadwere actually used by developers.
This approach has three steps. In Step 1, it uses a clone detection
tool—PMD [31]—to find any answer that has code similar to the
Java code on GitHub. Our insight is that if developers reference
an SO thread in their code, it is likely that they create certain
duplicates of the answer code from that thread. Step 2: as PMD may
be insufficient to locate all answer reuses, we also extracted the IDs
of all answer posts in our dataset. We searched for Java files that
explicitly mention any of these IDs, considering them as indicators
for answer reuse. Step 3: we manually inspected the GitHub→SO
reference links revealed by Steps 1 and 2, to refine the dataset.

Our study revealed in total 130 SO discussion threads referenced
by 407 Java files, which belong to 357 GitHub projects. Most of the
threads (i.e., 78%) are about solutions to coding problems: question
askers describe their software requirements and answer providers
offer programs to satisfy those requirements (RQ1). The studied
130 threads have in total 2,323 answers. Using our hybrid approach,
we found 186 answers reused by GitHub codebases. When ranking
all answers in each thread, we observed that the reused answers
have statistically higher scores, older ages, larger code, and more
text (RQ2). Among the 430 scenarios of answer reuse, we found
fully identical code snippets between GitHub and SO in only 40
scenarios. Most developers reused SO answers by applying changes
to the suggested code, or creating code from scratch based on the
ideas described by those answers.

In this paper, we made the following research contributions:

• We created a new approach to identify SO answers reused
in open-source Java projects. By combining clone detection,
keyword-based search, and manual inspection, this approach
was able to identify reused answers effectively.

• We did a novel empirical study to characterize the SO an-
swers reused by open-source projects on GitHub. Our study
characterized the reused answers from unique angles like
the discussion topics, the content, post ages, and post scores.
No prior studies considered these aspects.

• We defined a taxonomy of patterns to describe developers’
answer-reuse practices. No prior work categorizes develop-
ers’ reuse practices in such a comprehensive way.

In the following sections, we will introduce the background (Sec-
tion 2), our data collection process (Section 3), and experiments

Score

How to do query auto-completion/suggestions in Lucene?
I'm looking for a way to do query auto-
completion/suggestions in Lucene. I've Googled around a bit 
and played around a bit, but all of the examples I've seen 
seem to be setting up filters in Solr. We don't use Solr and 
aren't planning to move to using Solr in the near future, …

Based on @Alexandre Victoor's answer, I wrote a little class 
based on the Lucene Spellchecker in the contrib package (and 
using the LuceneDictionary included in it) that does exactly 
what I want.

timestamp

XXX XXXXXXXX

Figure 1: An exemplar SO discussion thread that contains
one question post and multiple answer posts [7]

/**
* Preliminary autocompete implementation based on
* http://stackoverflow.com/questions/120180/how-to-do-query-
* auto-completion-suggestions-in-lucene
* 
* @author craig.willis@unc.edu
* /

public final class Autocomplete {
/* Lucene index field to store concept ID */
private static final String ID_FIELD = "id";

/* Lucene index field to store the grammed words */
private static final String GRAMMED_WORDS_FIELD = "words";

/* Lucene index field to store the full source word */
private static final String SOURCE_WORD_FIELD = "sourceWord";

/* Lucene index field to store the word count */
private static final String COUNT_FIELD = "count";
…

The cited SO link
(corresponding to Figure 1)

The code 
derived from 

SO

Figure 2: An exemplar Java file on GitHub that cites an SO
thread and reuses some of the answer code [21]

(Section 4). We open-sourced our material (i.e., program and data) at
https://figshare.com/articles/dataset/So-gitexperiment/20425839.

2 BACKGROUND
This section introduces the content of a typical StackOverflow
discussion thread; it also shows how a GitHub project references a
discussion thread and reuses one of the answers.

As shown in Figure 1, an SO discussion thread has one question
and zero, one, or multiple answers to that question. After a user
posts a question or answer, other users can vote for or against that
post. The score is decided by the up- and down- votes received by
a post. Each post has a timestamp to show when it was created.

StackOverflow assigns each question or answer a unique ID
number, while the question ID is also treated as the unique ID of
its discussion thread. A typical SO question link has the format
https://stackoverflow.com/questions/ question_ID/question_title, while
an answer URL often has the format https://stackoverflow.com/questions/
question_ID/question_title/answer _ID#answer_ID.
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Note that the answer URL contains IDs of both the question
and answer. The question and answer links mentioned above can
be used to retrieve their corresponding discussion threads from
StackOverflow. For instance, developers can retrieve the discussion
thread shown in Figure 1 via the question URL

“https://stackoverflow.com/questions/120180/how-to-do-query-
auto-completion-suggestions-in-lucene”,
or the URL of any answer it contains, such as

“https://stackoverflow.com/questions/120180/how-to-do-query-
auto-completion-suggestions-in-lucene/121456#121456”.
Here “120180” is the question’s ID; “121456” is the answer’s ID. In
the datasets related to StackOverflow (e.g., Google BigQuery [32]
and StackOverflow data dump [29]), a question/thread ID is often
used as the parent ID of some answers, showing that those answers
respond to the given question.

Figure 2 shows a Java file on GitHub that references/cites the
above-mentioned SO thread via its question link. Comparing the
code content of Java file and the first answer in the thread, we can
find common code that indicates developers’ answer-reuse practice.
Our research focuses on (1) the Java files fromGitHub that explicitly
reference URLs of SO questions or answers, and (2) the SO threads
retrieved via those URLs.

3 DATA COLLECTION
To create a dataset of SO answers reused by GitHub projects, in
2021, we used Google BigQuery [32] to crawl for SO links that are
mentioned by Java files on GitHub (Section 3.1), and applied a new
hybrid approach to identify reused SO answers (Section 3.2).

3.1 Data Crawling
Google BigQuery is a serverless data warehouse that enables scal-
able data analysis. It is a Platform as a Service (PaaS) that supports
SQL queries. It hosts datasets like GitHub project data and SO post
information, and supports data queries across multiple datasets.
Our research focuses on (1) the Java files on GitHub citing any SO
links and (2) the SO posts related to cited links. Therefore, BigQuery
satisfies our need.

As shown in Listing 1, we defined an SQL query for BigQuery.
The query performs three major tasks. First, it retrieves Java files
from GitHub that cite SO links and records those links (see lines
5–9). Second, treating each recorded link as the URL of a discussion
thread, it retrieves all answer posts from SO belonging to that thread
(see lines 1–10). Third, it orders retrieved answers based on the
discussion-thread ID (i.e., parent_id), and limits the total number
of retrieved answers to 30,000 (see lines 11–12). We set the upper
bound to 30,000 for two reasons. First, our free user account with
BigQuery limits the number of SQL queries to execute each month,
and the amount of data processed by each query. Second, our later
data analysis involves manual inspection. Even if BigQuery can
return all records satisfying the query, our manual inspection is
unscalable and can only analyze a subset. After trying different
limit settings, we found 30,000 to be a reasonable number to handle.

Listing 1: Our SQL query to crawl GitHub and StackOverflow
1 SELECT a . id , t i t l e , body , con ten t , p a r en t _ i d , f a v o r i t e _ c o u n t f avs ,

v iew_count views , s core , a c cep t ed_answer_ id , po s t _ t ype_ i d ,
sample_repo_name , sample_path

2FROM
3 ' b igquery − pub l i c − da t a . s t a c k ov e r f l ow . po s t s _answer s ' a

4 INNER JOIN (
5 SELECT
6 CAST ( REGEXP_EXTRACT ( conten t , r ' s t a c k ov e r f l ow . com / qu e s t i o n s

/ ( [ 0 − 9 ] + ) / ' ) AS INT64 ) id , sample_repo_name , sample_path ,
c on t en t

7 FROM `fh − b igque ry . g i t h u b _ e x t r a c t s . c on t en t s _ j a v a `
8 WHERE
9 con t en t LIKE '% s t a c k ov e r f l ow . com / qu e s t i o n s /% ' ) b
10ON a . p a r e n t _ i d =b . i d
11ORDER BY p a r e n t _ i d
12 LIMIT 30000

Among the records retrieved from Google BigQuery, we real-
ized that no creation date of posts is included, and the body field
does not always include the complete content of answer posts. As
our later analysis heavily depends on the availability of posts’ cre-
ation date and answer content, we conducted additional crawling
on StackOverflow data dump [29] to acquire that information. In
summary, our data crawling obtained 30,000 answer posts. These
posts contain duplicates because when the same question ID is
referenced multiple times, all of its answers are retrieved again
and again. After removing duplicates, we identified 322 unique SO
discussion threads to cover all crawled answers. These threads are
referenced by 1,254 unique Java files from 1,063 GitHub projects.

3.2 Detection of Answer Reuse
As mentioned in Section 2, a Java file may reference an SO question
and/or answer link. If an answer link is referenced, detecting answer
reuse is simple: we only need to compare the Java file with cited
answer to comprehend the reuse practice. However, if no answer is
referenced and there is only one question link, detecting answer
reuse is harder. As a question often corresponds to multiple answers,
it is not always easy to decide which answer is more relevant. We
believe that when developers reuse SO answers, they may reuse
the code snippets mentioned in those answers; thus, we can find
reused answers by detecting code clones (i.e., similar code) between
each answer and the Java file. Based on this insight, We created a
three-step hybrid approach to detect reused answers.

3.2.1 Step 1: Detecting reused answers via clone detection. When a
Java file 𝑓 references an SO question link, we located all answers
to that question. To facilitate discussion, we use 𝐴 to denote the
located answer set. From each answer 𝑎𝑖 ∈ 𝐴, we extracted all
code snippets and stored them in a single Java file 𝑗𝑖 . We denote all
Java files synthesized in this way with 𝐽 . Afterwards, we applied
PMD Copy/Paste Detector (CPD) [31]—a clone detection tool—to
𝑓 and 𝐽 , in order to find code clones between the Java file and
answer code. We chose PMD because it is publicly available, easy
to use, and often applicable given two files for comparison. When
comparing Java programs, PMD treats source code as plain text
and adopts a string-matching algorithm [27] to compare the hash
values of strings. It does not matter if some synthesized Java files
are incompilable or have lexical/syntactic errors, because PMD does
not observe program syntax or semantics anyway.

PMD has a parameter minimumTokenCount to specify the minimum
number of tokens contained by a reported clone. This parameter
controls trade-offs between the effectiveness of clone detection and
the usefulness of detected clones. Namely, if the parameter value is
too small (e.g., 2), PMD can find a lot of clones; however, many of
the clones may share as few as two tokens and seem to be accidental
code overlap instead of meaningful code reuse. Meanwhile, if the
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Table 1: Number of clones PMD reported when
minimumTokenCount was set differently

minimumTokenCount = 5 10 15 20 25

# of clone pairs examined 30 22 17 12 10
# of true positives 12 12 12 12 10
Precision 40% 55% 71% 100% 100%

value is too large (e.g., 500), PMD may only report few clones while
each reported clone pair shows strong evidence of code reuse.

To properly configure minimumTokenCount, we conducted a prelimi-
nary study by experimenting PMD with different parameter values.
Specifically, we randomly picked 30 pairs of ⟨𝑓 , 𝑎𝑖 ⟩. Here, 𝑓 rep-
resents a Java file from GitHub referencing a discussion thread,
and 𝑎𝑖 represents a Java file synthesized from an answer of that
thread. We tuned minimumTokenCount from 5 to 25, with 5 increments.
For each parameter setting, we applied PMD to the 30 ⟨𝑓 , 𝑎𝑖 ⟩ file
pairs for clone detection. Then we manually inspected results to
see which setting achieves a better trade-off between the number
and quality of reported clones. For simplicity, if multiple clones are
reported for a given file pair, we checked only the first clone pair to
assess whether the code has meaningful similarity or just random
content overlap. With “random/accidental content overlap”, we
mean a few common tokens shared between two totally different
statements. In this experiment, for each setting, we examined at
most 30 clone pairs when PMD reported clones for all file pairs.

As shown in Table 1, when minimumTokenCount increases, the total
number of clone pairs examined decreases. This is because when
more common tokens are required between clones, PMD reported
clones for fewer file pairs. Among the manually checked clone
pairs, we identified 12 true clone pairs when minimumTokenCount was
5, 10, 15, or 20. However, only 10 true clone pairs were identified
when the parameter was 25. Finally, we computed the precision
rate for PMD by dividing the number of true positives/clones with
the total number of clone pairs examined. When the parameter
increases, the precision rate increases or remains. Considering both
the total number of true clones revealed and precision rate, we
found minimumTokenCount=20 to be a better setting than the others.

We did another experiment to further tune the parameter from 17
to 20 tokens, with 1 increments. We wanted to explore a setting that
outperforms 20 by achieving a better trade-off between the number
of true positives and the precision rate. We found 18, 19, and 20
to produce equally good experiment results. Therefore, by default,
we set minimumTokenCount=18, to retrieve as many true positives as
possible while ensuring high precision. With this setting, PMD
reported clones for 1,526 ⟨𝑓 , 𝑎𝑖 ⟩ pairs in our dataset, which pairs
are considered as candidates to show answer reuse.

3.2.2 Step 2: Detecting reused answers via keyword-based search.
When a Java file 𝑓 references an SO answer link, we consider the
answer to be potentially reused by 𝑓 . Based on our experience,
although Step 1 is effective in finding candidates, it can miss reused
answers in three kinds of scenarios. First, there is no codementioned
in an answer, but developers reused that answer by digesting the
idea and writing code accordingly. Second, developers got inspired
by code mentioned in an answer, but wrote totally different code.
Third, due to some unknown implementation issues, PMD fails to
identify code clones between certain similar code.

To find the reused answers potentially missed by PMD, we de-
cided to rely on SO answer links explicitly referenced by Java files.

Specifically, we extracted the IDs of 30,000 retrieved answers, and
used them as keywords to search among the 1,254 Java files we
crawled (see Section 3.1). If a Java file contains any of the answer
IDs, the file is considered to potentially reuse that answer. With this
approach, we found 89 Java files citing the answers under analysis.

3.2.3 Step 3: Manual inspection to refine detected answer reuses.
Among the ⟨𝑓 , 𝑎𝑖 ⟩ pairs that PMD reported to have clones, not
every pair implies an actual answer reuse. For instance, if the latest
editing date of a Java file 𝑓 is in 2015 but 𝑓 has code similarity with
an SO answer 𝑎𝑖 posted in 2021, 𝑓 can never reuse 𝑎𝑖 as the answer
did not exist in 2015. To identify actual answer reuses, we used the
following four criteria to remove unpromising pairs:

• Date Comparison: If ⟨𝑓 , 𝑎𝑖 ⟩ has the creation date of 𝑎𝑖 later
than the latest editing date of 𝑓 , the pair does not imply
answer reuse as developers could not refer to a nonexistent
answer when editing their file.

• Similarity Comparison: If (1) 𝑓 is reported to have clones
with several answers from the same thread and (2) those
answers share code, we consider the answer that has the
highest code similarity with 𝑓 as the reused answer. We
believe that when reusing answer code, developers are more
likely to focus on one answer instead of reusing multiple
answers simultaneously.

• ID Comparison: If 𝑓 explicitly cites an answer link and gets
reported to have clones with several answers from the same
thread, we consider the cited answer to be reused and treat all
other answers as false positives. This is because developers
are likely to reference the answers that help them most,
giving credits to the reused answers.

• Availability Checking: If 𝑓 is not available because devel-
opers recently removed that file or the whole project, we
cannot compare the file with any candidate answers it may
reuse. Thus, we removed all pairs containing 𝑓 .

Our manual analysis of clone pairs was very time-consuming and
error-prone. To reduce human errors, two authors separately checked
reported file pairs, and then held meetings to go over the list. They
compared their manual inspection results; whenever the results
diverged, they discussed comprehensively to reach a consensus.

After identifying answer reuses based on PMD results, we further
examined the 89 Java files found via keyword-based search in Step
2. We used two major criteria to decide whether a file’s answer
reference should be considered as answer reuse:

• Duplicated Entries: Suppose that 𝑓 explicitly cites 𝑎𝑖 , while
the pair ⟨𝑓 , 𝑎𝑖 ⟩ is already included into our dataset of answer
reuse due to clone detection. In such scenarios, the Java file’s
answer reference is not added redundantly.

• Availability Checking: If 𝑓 is unavailable because devel-
opers recently removed it or the whole project, we cannot
compare the file with any answer it references. Thus, the
Java file’s answer reference is not added to our dataset.

Two authors followed the criteria mentioned above to separately
examine the reported references. They then compared and discussed
results until reaching a consensus.

By applying the hybrid approach mentioned above, we got a re-
fined dataset to include 130 discussion threads, which contain 2,323
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Coding task (102)

Discussion threads
(130)

Optimization (18)

Comprehension (4)

Debugging (4)

Others (2)

File processing (9)

Data processing (35)
Feature implementation in a certain context (29)

Inspection/Manipulation of 
program execution at runtime (14)

Emulation of the syntax feature 
from another language (5)

Algorithm (4)

New feature for automation (3)

Data processing (8) File processing (4)

Algorithm (3)

Data structure (2)Inspection/Manipulation of 
program execution at runtime (1)

Data structure (2)

Testing (1)

Data processing (3)

Feature implementation in a certain context (1)

Question Styles Technical Content

Figure 3: Our taxonomy of SO threads based on the discussion topics

answers in total. Among those answers, 186 answers were found to
be reused, and 2,137 answers were unused. The 186 answers were
reused 430 times; 407 Java files from 357 unique projects reused
those answers. Our later experiments (see Section 4) will focus on
this refined dataset.

4 EXPERIMENTS
This section presents our investigation for the three research ques-
tions RQ1–RQ3. For each RQ, we will first introduce the study
method and then describe our experiment results.

4.1 RQ1: Topics of Discussion Threads
Study Method. RQ1 captures the focus of developers when they

reused answers. We performed a lightweight open coding-like pro-
cess [49] to categorize the topics discussed in 130 threads. Specifi-
cally, while the last author (a professor with SE expertise) manually
inspected all 130 questions in threads, she extracted or summarized
keywords to characterize each question in terms of the question
style and technical content. Then she identified the commonality
between questions based on keywords, defined categories accord-
ingly, and revisited all questions to decide whether the categories
were comprehensive enough to cover all questions. The author
defined and refined categories iteratively, until each question was
mapped to a category and the category list was stable. Next, the first
author manually checked the categorization results, and discussed
with the last author if any classification seemed problematic.

Results. Figure 3 presents our classification results of SO threads.
In terms of the question style, we identified 5 categories in the
130 discussion threads: coding task, optimization, comprehension,
debugging, and others. Coding task means that askers describe
software requirements (e.g., how to validate an XML file against an
XSD file [9]) and seek for code solutions, while answerers offer code
to implement those requirements. Optimization means that askers
provide initial programs satisfying certain requirements, looking
for better programs that have either easier implementation, lower
runtime overheads, or less platform-specific dependency [13]. An

exemplar thread of this category is about the most efficient way
to implement an integer-based power function pow(int, int) [13].
Optimization is different from the coding-task category, as askers
provide initial code implementation.

Comprehension is about clarification or comparison of concepts
or terms. For instance, an SO thread compares two Java APIs:
StringBuilder versus StringBuffer [2]. Debugging means that askers
present their erroneous programs and seek for debugging advices.
An example of this category is about a strange OutOfMemory issue
while loading an image to a Bitmap object [20]. Others captures the
miscellaneous questions not covered by any category mentioned
above. Specifically, one of the two questions is about SQLite com-
mand usage [17], and the other focuses on issues that developers
should consider when overriding equals(...) and hashCode() [15].

Among the five major categories, we noticed that coding task
dominates the discussion threads. It covers 102 of the 130 threads.
The second biggest category is optimization, which covers 18 threads.
These observations imply that when developers reuse SO answers,
they often focus on the answers that offer complete (or even op-
timized) programs to satisfy certain requirements. Surprisingly,
comprehension and debugging separately cover only four threads.
It means that although StackOverflow provides a platform for de-
velopers to discuss technical concepts or software bugs, developers
rarely reused the answers related to concept comprehension or bug
fixes. This may be because comprehension-related discussion is too
general or abstract for developers to adopt in code, while debugging-
related discussion is too specific or concrete for developers to reuse
in their diverse circumstances.
Finding 1: 92% (120/130) of discussion threads are about coding
tasks or optimizations. The reused answers often provide complete
(or even optimized) coding solution given software requirements.
In terms of the technical content, we identified 9 topics in the

130 threads (see Figure 3). Data processing is about how to generate,
handle, or transform data. For instance, a thread discusses how to
do 3DES data encryption/decryption [6]. Similarly, File processing is
about how to handle or compare files. An exemplar thread is about
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optimized ways of counting lines in a file [19]. Concerning Feature
implementation in a certain context, askers describe their software
requirements in specialized circumstances (e.g., when using cer-
tain Java libraries), and seek for suggestions applicable to those
circumstances. For instance, a thread discusses how to make a list
with checkboxes in Java Swing [5]. With Inspection/Manipulation
of program execution at runtime, we refer to discussions on how
to programmatically inspect or manipulate execution status/envi-
ronments at runtime, such as programmatically checking CPU and
memory usage [4].

Algorithm focuses on the design and implementation of algo-
rithms or mathematical computation, such as calculating the dis-
tance between two latitude-longitude points [1]. Emulation of the
syntax feature from another language focuses on how to emulate cer-
tain syntax features offered by languages other than Java, such as
the as-operator of C# [8]. Data structure covers discussions on defin-
ing customized data structures (e.g., an LRU cache [10]). Testing is
about defining test cases. For instance, one thread discusses how to
test methods that call System.exit() [11]. New feature for automa-
tion describes the threads that discuss rare feature implementation,
which is not covered by any of the topics mentioned above. For
instance, a thread discusses how to play sound in Java [33].

Among the five categories mentioned above, the dominant cat-
egory coding task covers all nine topics. In particular, within the
102 discussion threads, 35 threads focus on data processing, 29
threads discuss feature implementation in a certain context, and
14 threads are about the inspection or manipulation of program
execution at runtime. The optimization category covers five top-
ics: data processing, file processing, algorithm, data structure, and
inspection/manipulation of program execution at runtime. The de-
bugging category covers even fewer topics: data processing and
feature implementation in a certain context, mainly because there
are a lot fewer threads covered by this category.

Among the nine topics, the most popular four topics are: data
processing, feature implementation in a certain context, inspection/-
manipulation of program execution at runtime, and file processing.
Each of the topics separately covers 46, 30, 15, and 13 threads.
Finding 2: 80% (104/130) of threads are on the topics of data pro-
cessing, feature implementation in a certain context, inspection/-
manipulation of program execution at runtime, and file processing.

4.2 RQ2: Characteristics of Reused SO Answers
Study Method. RQ2 explores which of the following character-

istics can effectively differentiate reused answers from unused ones:
post scores, post ages, lengths of answer code, and lengths of the
text (i.e., code + explanation). A challenge in comparing the two
sets (reused vs. unused answers) is that we cannot naïvely compare
the measured absolute values, because the measured values from
different threads can vary a lot. For instance, one discussion thread
has answer scores vary within [1, 5], while another thread has the
scores in [10, 5000]. If we naïvely extract scores (or other values)
and compare the distributions, it is almost impossible for us to see
any meaningful difference between sets.

To overcome the challenge, we defined an approach to compare
the two sets based on relative ranks of answers in each thread.
Specifically, we wrote scripts to automatically sort the answers
of each discussion thread based on four alternative metrics: post

scores, post ages, code lengths, and text lengths. The post scores
were directly extracted from the data crawled by BigQuery (see
Section 3.1). The post ages were computed based on the date dif-
ference between each post’s creation and our experiment. Both
code lengths and text lengths were based on the complete answer
content extracted from SO data dump. In particular, code length is
the character count of each answer code, while the text length is the
character count of each answer. In our experiment, the maximum
and minimum text lengths are separately 24,367 and 29.

For each sorting task, we ranked answer posts in descending
order of measured values, because we intended to explore whether
reused answers were usually ranked differently from unused an-
swers. Based on the ranking results, we computed a percentile rank
(PR) [48] for each answer as below:

𝑃𝑅(𝑣) = 𝐶𝐹 (𝑣) − 0.5 × 𝐹 (𝑣)
𝑁

× 100 (1)

PR is within [0, 100]. CF means cumulative frequency—the count
of all values less than or equal to the value of interest 𝑣 . F is the
frequency of 𝑣 . N is the total number of answers in the ranked
list. For instance, if we have a ranked list {5, 5, 4, 3, 2, 1, 0}. Then
𝑃𝑅(5) = 7−0.5×2

7 × 100 = 88. As another example, when posts are
ranked in descending order of ages, the oldest and newest posts
separately get the highest and lowest PR values.

By mapping concrete measurements to PR values, we compared
the relative rank distributions of reused and unused answers within
their separate discussion threads. In data analytics, violin plots
visualize the distributions of numerical data [39]. They show not
only summary statistics (e.g., median and interquartile range), but
also the density of each variable. We used violin plots to visualize
the PR distributions of reused answers, unused answers, and all
answers of the 130 threads. We also conducted Mann-Whitney U
test [43] to check whether the distributions of reused and unused
answers present statistically significant differences.

Results. Figure 4 visualizes the PR distributions of three answer
sets based on four measurements: score, age, code length, and text
length. The Reused set clusters the 186 answers reused by 407 Java
files. The Unused set clusters the remaining 2,137 answers included
by the 130 threads. The All set includes all 2,323 answers.

As shown in Figure 4, reused answers usually have higher scores,
older ages, larger code, and longer text than unused ones. In terms
of scores (Figure 4 (a)), the PR values of reused answers have the
mean as 79 and median as 87. The upper quartile (i.e., the value
under which 75% of data points are found) is 94, and the lower
quartile (i.e., the value under which 25% of data points are found)
is 69. The data peak is near the upper quartile—94. On the other
hand, the PR values of unused answers have the mean as 47 and
median as 46. The plots for both unused and all answers have no
obvious peak. One possible reason to explain our observations is
that scores reflect the quality of answers. As developers often strive
to reuse the answers with highest quality, it is unsurprising to see
that reused answers often have much better scores than unused
ones. Our observations imply that when developers hesitate to
choose answers from a thread, they can pay more attention to the
few with highest scores.

In terms of ages (Figure 4 (b)), the PR values of reused answers
have the mean as 69 and median as 74. The PR values of unused
answers have both the mean and median as 48. One possible reason
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Figure 4: The PR-comparison among reused answers, unused answers, and all answers of the 130 threads

to explain the phenomena is our data-crawling process. Because
we crawled GitHub projects to reveal answer-reuse practices, many
of the practices reflected by source code were actually conducted
months or years ago. Thus, the answers reused are typically older.
In terms of code lengths and text lengths (Figure 4 (c) & Figure 4 (d)),
we observed similar phenomena. In both graphs, reused answers
have 73–75 medians, while unused answers have 47–48 medians.
One possible reason to explain our observations is that the longer
code or text an answer has, the easier it is for developers to digest
the idea and reuse that answer. Our observations imply that when
developers hesitate to choose answers for reuse, they can focus
more on the answers with larger code or longer description.

The Mann-Whitney U test we performed shows 𝑝 << 0.05 for
all measurements, meaning that the reused and unused answers
have statistically significant differences in terms of their PR ranks
by score, age, code length, and text length.
Finding 3: Compared with unused answers, reused ones have sta-
tistically higher scores, older ages, longer code, and longer text.

4.3 RQ3: Categorization of Reuse Practices
Study Method. RQ3 investigates how developers reused SO an-

swers in their software projects. We took a lightweight open coding-
like process to categorize developers’ reuse practices demonstrated
in 357 GitHub projects. Specifically, 2 authors separately checked
430 cases (i.e., code locations) where SO answers were reused, and
defined keywords to summarize the similarity between Java files
and SO answers. Then they held a meeting to compare summaries
for different kinds of cases, discussed the rationale behind those

summaries, and brainstormed a set of categories that are exclusive
of each other but sufficient to cover all observed cases. Next, the
authors divided the 430 cases into 2 sets, and separately worked
on a set to label the reuse practices based on the category set they
agreed upon. Afterwards, they crosschecked the labels assigned by
each other, and had discussions as needed to reach a consensus.

Results. Depending on the observed similarities between Java
files and the SO answers they reused, as with prior work [51], we
identified 5 major types (i.e., C1–C5) of answer-reuse practices. As
shown in Table 2, C1–C3 involve copying and pasting code, while
C4–C5 do not copy or paste any code. In particular, C1 means exact
copy: developers fully copy and paste code without modifying any-
thing [18, 22]. C2 means full copy with cosmetic modifications like
identifier renaming and literal replacement [3, 25]. C3 means copy
with non-cosmetic modifications [16, 26]. C4 means idea reuse:
an answer illustrates coding ideas via code examples, algorithm
explanation, or images [14, 24]; developers reuse the ideas with-
out reusing any code. C5 means knowledge learning: an answer
explains certain concepts or terms; developers digest the concept-
s/terms to independently work on their coding tasks [12, 23].

Because C4 and C5 have no code reuse, we recognized the reuse
practices for both categories based on the answer IDs cited by Java
files and manual inspection (Section 3.2). Namely, If a Java file cites
an answer and implements the algorithm described by that answer,
we considered the answer reuse as C4; otherwise, it is of C5. Because
C1–C3 have code reuse, we identified the reuse practices for these
categories mainly based on clone detection and manual inspection.
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Table 2: The identified types of developers’ answer-reuse practices among the 430 reuse scenarios
Idx Name Definition Count Percentage

C1 Exact copy Developers copy and paste all code, without any modification. 40 9%
C2 Copy with cosmetic modification Developers copy and paste all code, and apply minor modification without changing the program structure.

The minor modifications are limited to updates to identifiers and literals.
94 22%

C3

C3.1 Reuse all with statement-level updates only Developers copy and paste all code, and update content of some statements. 10 2%
C3.2 Reuse all with structure changes only Developers copy and paste all code; they modify the program structure by inserting, deleting, reordering,

or combining statements.
13 3%

C3.3 Reuse all with both statement-level updates and
structure changes

Developers copy and paste all code; they update content of some statements; they also revise the program
structure by inserting, deleting, reordering, or combining statements.

57 13%

C3.4 Reuse most without change Developers copy and paste most code, without applying any change. 13 3%
C3.5 Reuse most with statement-level updates only Developers copy and paste most code, and update content of some statements. 21 5%
C3.6 Reuse most with structure changes only Developers copy and pastemost code; they modify the program structure by inserting, deleting, reordering,

or combining statements.
12 3%

C3.7 Reuse most with both statement-level updates
and structural changes

Developers copy and paste most code; they update content of some statements; they also modify the
program structure by inserting, deleting, reordering, or combining statements.

84 20%

C3.8 Reuse some without change Developers copy and paste some code, without applying any change. 3 1%
C3.9 Reuse some with statement-level updates only Developers copy and paste some code, and update content of certain statements. 19 4%
C3.10 Reuse some with structure changes only Developers copy and paste some code; they modify the program structure by inserting, deleting, reordering,

or combining statements.
2 *0%

C3.11 Reuse some with both statement-level updates
and structural changes

Developers copy and paste some code; they update content of certain statements; they also modify the
program structure by inserting, deleting, reordering, or combining statements.

38 9%

C4 Converting ideas Developers do not copy or paste any code. Instead, they write code from scratch based on the ideas shown
by the code example(s), algorithm description, or image(s) in an answer.

7 2%

C5 Learning knowledge Developers do not copy or paste any code. Instead, they write code based on the concepts or term definitions
described in an SO answer.

17 4%

* 0% is actually 0.47%. The table shows 0% because we rounded the measured value to the nearest integer.

As shown in Table 2, developers created exact copies for answer
code in only 9% of cases; they modified and reused answer code
in 85% of cases, and did not reuse any answer code in 6%. These
numbers imply (1) developers seldom used answer code as is, but
customized code before reuse; (2) when reusing answers, developers
often reuse code. Thus, if answerers want to better influence soft-
ware practitioners, they’d better provide code examples in answers.
Among C1–C3, C3 is the largest category, covering 63% of scenarios.
To better characterize developers’ reuse practices in these scenarios,
we defined 11 subcategories for C3 based on 3 criteria:

(1) Did GitHub developers reuse all, most, or some of the
answer code? Given an answer, if a Java file has counter-
parts (i.e., similar or identical statements) for all statements
in the answer code, the reuse level is “all”. If a Java file has
counterparts for more than 50% of the statements in answer
code, we use “most”; otherwise, we use “some”.

(2) Did GitHub developersmodify the content of any state-
ment in the answer code? If developers updated any state-
ment in the answer code before reusing it, and if the updated
code is similar to the original one, we use “yes” to mark the
update. Otherwise, we use “no”.

(3) Did GitHub developers modify the program structure
of answer code? If developers added, deleted, reordered, or
combined statements in the answer code, we use “yes” to
mark the structure changes. Otherwise, we use “no”. Struc-
ture change is orthogonal to statement update, as statement
updates do not involve adding, deleting, reordering, or com-
bining statements; they are about changes inside statements.

C3.3, C3.7, and C3.11 are the three most popular ones among
the 11 subcategories. Cases in these subcategories applied both
statement-level updates and structure changes to the reused code.
Six subcategories involve structure changes: C3.2, C3.3, C3.6, C3.7,
C3.10, and C3.11; they account for 48% of overall reuses. Six subcat-
egories involve statement-level updates: C3.1, C3.3, C3.5, C3.7, C3.9,
C3.11; they account for 53% in total. Our observations imply that
when developers applied non-cosmetic changes, they were more
likely to apply statement-level updates than structure changes.

Finding 4:Most developers reused at least some of the answer code.
Developers often revised the code-to-reuse by applying statement-
level updates and/or structure changes.

5 RELATED WORK
The related work includes studies on SO, and studies on the rela-
tionship between SO and GitHub.
5.1 Studies on StackOverflow
Researchers performed studies to characterize the crowd-sourced
knowledge on StackOverflow [37, 38, 40, 44–46, 54]. Specifically,
Movshovitz-Attias et al. [45] analyzed the SO reputation system to
identify the participation patterns of high and low reputation users.
Honsel et al. [40] first interviewed five developers to identify the
nine myths they believed, and then analyzed SO data to check those
myths. Gantayat et al. [38] studied the synergy between voting and
acceptance of answers on SO, finding the accepted answers to be
top-voted in 81% of threads. Some researchers examined SO threads
for specialized domains. For instance, Zhang et al. [54] studied the
code examples of API usage, to reveal answers with API misuses.
Meng et al. [44], and Chen et al. [37] examined SO posts on Java
security, to reveal developers’ concerns on security implementation,
technical challenges, or vulnerabilities in answer code.

Our study is related to all studies summarized above, but has
a unique focus on the answer reuse by open-source Java projects
available on GitHub. The study most related to our work was con-
ducted by Nasehi et al. [46], who manually inspected 163 discus-
sion threads, and identified several characteristics of well-received
answers (i.e., answers with score 4 or above). Our data analysis
complements Nasehi’s study.

5.2 Studies on SO–GitHub Connections
Studies were conducted to investigate the relationship between
data mined from StackOverflow, and the data from GitHub [34–
36, 41, 42, 51–53]. Some studies associated users across platforms
via common email addresses [35, 52]. With the associations, Xiong
et al. [52] observed that active issue committers on GitHub are
also active question askers. However, Badashian et al. [35] showed
that the relation between activities on the two platforms is not
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strong enough, to predict developers’ activities on one platform
based on their activities on the other. Some studies were performed
to identify the reuse of SO answers by GitHub projects, via clone
detection or keyword-based search [36, 41, 47, 51, 53].

Our research also used clone detection to find answer reuse.
However, different from the studies mentioned above, we did not
blindly trust the clone detection results for two reasons. First, dupli-
cation does not necessarily imply code reuse. For instance, an old
Java file can share code with a newly posted SO answer, although it
is impossible for the file developers to take a time travel and refer
to that answer posted in the future. Second, existing clone detectors
can only find fragments that are very similar to each other. When
code fragments are less similar, existing tools can fail to identify
the reuse scenarios. To mitigate these issues of clone detection, we
adopted two methods in our research. First, we manually inspected
results of clone detection to remove false positives, which show
code overlaps although developers actually did not reuse the answer
code. Second, we also did keyword-based search to find Java files
that explicitly reference the SO answers under analysis, to identify
some reuse scenarios missed by clone detection.

Manes and Baysal [41, 42] mined SOTorrent and GHTorrent to
locate files referencing SO posts. They looked at 30 most popularly
cited SO posts with non-programming language tags, and identi-
fied the top popular tags being related to Linux OS, string, and
regular expressions [41]. They also analyzed the evolution patterns
of reused code snippets on SO and GitHub [42] However, neither
study explores the similarity between referenced code on SO and
the revised code on GitHub. Wu et al. [51] searched GitHub for
source files with keyword “stackoverflow”, and manually inspected
retrieved files written in Java, JavaScript, Objective C, PHP, or
Python. They found that in 31.5% of the data, developers modified
source code from SO. In another 35.5% of cases, developers used
SO posts as an information source for later reference, instead of
copying any code from those posts.

As with Wu et al., we also observed different types of reuse prac-
tices by developers. However, the post distribution among reuse
categories is different. Namely, we found that developers modified
code from SO in a much higher percentage of scenarios (i.e., 85%);
they referred to SO as an information source without copying any
code in only 6% of cases. This may be because our taxonomy of reuse
patterns is more comprehensive and we formulated our dataset dif-
ferently. Specifically, the taxonomy of Wu et al. only includes 5
high-level categories: C1–C5; our taxonomy also includes 11 sub-
categories under C3, to further differentiate between developers’
copy-paste-revise practices. In particular, among the 11 subcate-
gories, we found C3.7 to be the largest one, for which developers
copied and pasted most of the answer code while applying both
statement-level updates and structure-level changes. Additionally,
our dataset is larger, covering more unique files (i.e., 407 vs. 289)
and repositories (i.e., 357 vs. 182); our dataset focused on Java code
while Wu et al. studied code in five languages.

Different from all prior work, our research characterizes the
reused answers from new angles like question styles, post scores,
post ages, code lengths, and text lengths; our paper introduces a
new and carefully designed approach to precisely locate SO answers
reused by Java files on GitHub.

6 THREATS TO VALIDITY
Threats to External Validity. Our study is based on the 30,000 SO

answer posts retrieved by Google BigQuery, and the Java files from
GitHub citing those answers or discussion threads. Our findings
may not generalize well to the threads or Java files not included
in our dataset. To further investigate this threat, we did keyword-
based search on GitHub, and found around 108 thousand Java files
citing SO threads as of 2024. Our dataset of 407 unique Java files
citing SO threads is larger than 385, the minimum sample size
required to derive representative conclusions with a confidence
level of 95% for the large set of SO-citing Java files. Thus, our major
findings are still representative and can generalize well.

Threats to Construct Validity. We detected answer reuses in two
complementary ways: clone detection and keyword-based search.
There can be reuse scenarios not captured by either way, such
as those having no clones and citing no answers explicitly. The
actual reuse scenarios existing in our dataset may be more than
what we found. We share this limitation with existing studies. As
more developers explicitly reference the SO answers they reuse in
codebases, such limitations can get alleviated.

Threats to Internal Validity. Our research involves manual inspec-
tion for (1) the refinement of clone-detection results and keyword-
based search results, (2) topic identification for SO discussion threads,
and (3) classification of developers’ answer-reuse practices. Our
manual analysis may be subject to human bias. To mitigate that is-
sue, we had two authors (1) check the datasets simultaneously, and
(2) discuss frequently to resolve any divergent opinions or labels.

7 CONCLUSION
We did an empirical study to characterize reused SO answers, and
explore how Java developers reuse SO answers in GitHub projects.
Compared with prior work, our hybrid approach is unique in two
aspects. First, after using regular expressions to locate Java files
that cite any SO post, it combines two methods—clone detection
and keyword-based search—to detect candidate SO answers reused
by Java files. As the two methods have separate strengths and
weaknesses, combining them enables us to identify a high-quality
set of answers potentially reused. Second, we did manual inspection
to refine the candidates retrieved by both methods. With such a
careful approach design, we did our study with high rigor. In the
future, we plan to create a tool to crawl for related code examples
on GitHub given an SO answer.
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