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ABSTRACT
During the last few years, Continuous Integration (CI) has become
a common practice in open-source and industrial environments
to reduce the scope for errors and increase the speed to market
through the automated build and test processes. However, despite
this wide adoption throughout the years, little is known about the
challenges developers discuss. Analyzing the discussions of devel-
opers is required to understand what researchers, educators and
practitioners should focus on, and how discussion communities
can be helpful to shed the light on CI challenges. In this study, we
examine Stack Overflow (SO), the most popular crowd-sourced fo-
rum, to understand the challenges developers face in the CI context.
We collect a corpus of 27,728 CI-related developers posts from SO
and analyze those posts through a mixed method with quantitative
and qualitative analyzes. To study the trends of CI discussions, we
investigated the metadata of CI questions, users and tags. Then,
we extract the CI main topics using Latent Dirichlet Allocation
(LDA) tuned with Genetic Algorithm (GA). Finally, we investigate
the most popular and difficult topics faced by developers based on
unanswered questions to get further insights into CI challenges.
The LDA clustering reveals that developers face challenges with
six main topics namely Build, Testing, Version Control, Configu-
ration, Deployment, and CI Culture. Particularly, we found that
the build topic is the most popular among the studied topics and
that version control and testing topics are the most difficult for the
SO community. Our study uncovers insights about CI challenges
and adds evidence to existing knowledge about CI issues related
especially to software build.

ACM Reference Format:
Ali Ouni, Islem Saidani, Eman Alomar, and Mohamed Wiem Mkaouer.
2023. An Empirical Study on Continuous Integration Trends, Topics and
Challenges in Stack Overflow. In Proceedings of the International Conference
on Evaluation and Assessment in Software Engineering (EASE ’23), June

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
EASE ’23, June 14–16, 2023, Oulu, Finland
© 2023 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 979-8-4007-0044-6/23/06. . . $15.00
https://doi.org/10.1145/3593434.3593485

14–16, 2023, Oulu, Finland. ACM, New York, NY, USA, 10 pages. https:
//doi.org/10.1145/3593434.3593485

1 INTRODUCTION
Continuous Integration (CI), a common software engineering prac-
tice that is widely-adopted in industry and open-source environ-
ments [33]. CI advocates continuously integrating code changes,
by automating the process of build and testing [12], which reduces
the cost and risk of delivering defective changes. Nevertheless, in-
troducing changes under such a context is still risky and can lead
to productivity loss [8], release delays [36], and cost impacts [20].

Prior studies that have examined CI challenges relied mainly on
surveys/interviews of a selected number of stakeholders [10, 17,
24]. Although interviewing developers provides great insight, it
has a major limitation: it cannot be generalized due to the limited
number of interviewees. Therefore, there is a need to investigate
CI challenges on a large scale. At the same time, we observe that
discussions related to CI are becoming increasingly prevalent in
online developer forums, to find answers to their CI related issues.
Stack Overflow (SO)1 is one of the most popular Q&A sites for
developers, by recording over 19 million questions in 2020 [22]. For
instance, in one of the SO posts2, a developer asked: “I try to
setup CI for Go app and Jenkins.. So, my questions are (1) If my app
will contain much more code file, packages etc. should I still build it as
go build main.go? (2) How correctly give name for go build output file
to add it to the artifacts? (3) Should I use some kind of make file/script
etc to collect dependencies on build machine? What is best practice
here?". This question received an answer only after over four years
despite being viewed over 1k times. Which may indicate that the
issue faced by this developer is difficult to resolve.

We, therefore, believe that an analysis of CI discussions on SO can
help the research community and CI stakeholders in better under-
standing developers’ concerns and hence improving the adoption
of CI. To this aim, we conduct in this paper a large-scale empirical
study of 27,728 CI related posts on SO to address the following
Research Questions (RQs):

RQ1: (Trends) How have CI discussions grown since the
creation of Stack Overflow?We aim to gain insights into the tem-
poral trends of CI discussions. Specifically, we study the volume of
questions (11,641) and their answers (16,087), the users responsible
1https://stackoverflow.com/
2https://stackoverflow.com/questions/34731416
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for creating such posts (17,992) and also the tags (2,806) associated
with CI questions. Results show that developers frequently use SO
to seek help with their CI problems. We also found that SO users
are showing more interest in CI over the years and that most CI
questions tags are around CI servers and platforms.

RQ2: (Topics) What topics are discussed around CI? We
leverage Latent Dirichlet Allocation (LDA) technique to identify
the key topics that developers discuss on SO. Further, we use an
advanced parameter tuning technique based on Genetic Algorithm
(GA) to find the optimal parameters of the LDA algorithm. Our
tuned LDA reveals that CI discussions cover six main topics namely
Build, Testing, Version Control, Configuration, Deployment and CI
Culture. The primary driver behind these questions is to enhance
the usage of CI tools/infrastructures in the development process.
Specifically, around 40% of discussions are related to build process
suggesting this phase is a key concern within CI projects.

RQ3: (Challenges) Which topics are the most popular and
difficult among CI related questions?We exploit the informa-
tion provided in SO to discover the topics being the most popular
and difficult to answer CI questions. In addition, we examine a
significant simple of unanswered questions to gain further insights
into the CI challenges. Our findings reveal that build related ques-
tions are the most popular (in terms of view, favorite and score
questions). Additionally, questions related to version control in-
volve the highest rates of unanswered questions, while testing
questions require the longest time to receive accepted answers.
When examining the unanswered questions, we found that those
questions usually receive responses in the form of comments where
users either suggest solutions to address the problem or ask for
more clarification.

The main contributions of this study are summarized as follows:

• We conduct the first empirical study to mine and extract
27,728 SO posts related to CI to better understand the chal-
lenges, trends and topics around CI.

• We perform a mixed-method study, through quantitative and
qualitative analyses, to shed light on characteristics of CI
related topics and the usage of CI tools/infrastructures.

• We provide practical implications of our findings for re-
searchers, developers, tool builders and educators.

• We publicly provide a replication package [1] that contains
the dataset and scripts in order to replicate our results.

The remainder of this paper is organized as follows. In Section
2, we review the most related works to our study. In Section 3, we
describe our research methodology and reveal the main findings
of our study. In Section 4, we discuss the implications of our work.
Then, we review threats to validity in Section 5, and finally we
address the conclusions to draw in Section 6.

2 RELATEDWORK

CI practice. Many research efforts have outlined the outcomes of
CI adoption. For instance, Vasilescu et al. [33] and Hilton et al. [18]
studies reveal a significant improvement in the team’s productivity
in terms of the frequency of Pull Requests (PRs). Zhao et al. [42]
evaluated the effects of CI adoptions on some development practices,
such as code writing and submission. They found that CI practice

aligns with CI principals such as the “commit often” and “merging
small commits” guidelines recommended by Fowler [12].

On the other hand, other works did not observe these outcomes
in their studies. For example, Bernardo et al. [8] have observed that
CI does not always reduce the time for delivering the changes. Rah-
man et al. [25] have observed for the studied Open Source Software
(OSS) projects some CI benefits such as improvements in bug and
issue resolution. However, for the proprietary projects, they did
not observe such benefits. Recently Saidani et al. [29] investigated
the impacts of CI on code refactoring practice. They found that the
adoption of CI is associated with a drop in the refactoring size as
recommended, while refactoring frequency as well as the number
of developers that perform refactoring are estimated to decrease
after the shift to CI, indicating that refactoring is less likely to be
applied in CI context.

CI challenges Despite its valuable benefits, CI adoption brings
with it many challenges. In the following, we review the most
relevant papers that discuss CI challenges and bad practices. It is
worth pointing out that we selected these works through a hybrid
process: (i) performing a query in Google Scholar3 and Scopus4
and (ii) snowballing by searching in the cited papers of the related
work previous SLR about CI challenges.

Debbiche et al. [10] interviewed 11 developers at a major com-
munication company to investigate what challenges they faced
when adopting CI. Their case study revealed a list of challenges
including testing, code dependencies and tools and infrastructures.
Laukkanen et al. [20] interviewed 27 stakeholders at Erickson and
found that the main challenges are due to the lack of time, un-
stable tests, tools and team organization. Zahedi et al. [40] have
exploring continuous software engineering (CSE) from the prac-
titioners perspective by mining discussions from Q&A websites.
They found that number of discussions related to CSE has been
increasing sharply, and among the most discussed tools of CSE, free
and/or open source tools were highly popular. Shahin et al. [31]
used Systematic Literature Review (SLR) method for reviewing the
peer-reviewed papers on continuous practices published between
2004 and 2016. Their findings revealed a list of critical factors in-
cluding testing effort and time, team awareness and transparency,
good design principles and appropriate infrastructures that should
be carefully considered when introducing continuous practices in
a given organization. Another SLR was performed by Laukkanen
et al. [19] who identified forty problems related to CI/CD adoption.
The most critical reported problems were related to testing, merg-
ing conflicts and system design. Hilton et al. [17] have found, by
interviewing 51 developers, that the latter face many trade-offs be-
tween speed and assurance, between better access and information
security, and between more CI configuration options and better
flexibility in use. Additionally, the main challenges they face are
related to build failure and time, lack of tool support and the setting
of CI servers. Pinto et al. [24] surveyed 158 CI users in order to
investigate work practices and challenges in CI. Their main results
reveal that CI main challenges are (i) the build environment, (ii)
inadequate testing and time pressure and (iii) false sense of confi-
dence in CI servers’ feedback. Widder et al. [36] conducted a mixed

3https://scholar.google.com/
4https://www.scopus.com/
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method, including a survey and statistical modeling from 6,239
projects to identify the reasons behind CI abandonment. There
results revealed that many developers find that the most difficult
issues to resolve are (1) build failures, (2) complex tool setups like
Docker and (3) long build times. Vassallo et al. [34] survey with 124
developers revealed four relevant anti-patterns (i.e., practices that
contradict CI principles) of CI namely slow build, skipping failed
tests, broken release branch and late merging. Elazhary et al. [11]
found, by performing a case study and activity log mining, that CI
main challenges are related to builds, dependency management and
testing. Zampetti et al. [41] also investigated CI anti-patterns by
performing a mixed method consisting of interviewing 13 experts
and 26 developers and mining of 2,300 SO posts. Specifically, they
identified 79 CI anti-patterns practiced by developers related to
different dimensions of a CI pipeline including infrastructure, build
process and quality assurance. Our study is different from Zam-
petti et al. [41] study as we focus on the CI challenges developers
face while they investigate the bad practices of developers that are
not conform to CI principles. Moreover, surveys/interviews might
represent a limited resource of information and therefore cannot
be generalized. Further, there are other sources of information for
examining CI challenges and SO is one of them. This Q&A website
is a popular venue for developers who seek advice to resolve many
technical problems/issues. We fill this gap with our empirical study,
where we analyze developers discussions to investigate CI trends,
topics and challenges.

3 EMPIRICAL STUDY DESIGN & RESULTS
The main goal of this study is to obtain and share insights with CI
stakeholders regarding how CI is discussed in practice by analyzing
Stack Overflow (SO) posts. Figure 1 depicts an overview of our study
design. Our methodology comprises two main steps: (1) CI posts
extraction and (2) analysis method. In the following, we present
the details of each of these two steps.

script Result

Dataset
(December 2020)

1 Extracting CI posts 2 Research Questions Analysis

RQ1:
Trends of CI

CI
Questions
& Answers

RQ2: Popular 
Topics of CI

RQ3: CI
Challenges

Metadata analysis:
• Yearly statistics of 

answered and 
unanswered questions

• Users distribution
• Manual classification of 

tags

• Topic modeling with 
LDA

• Extraction of 
representative 
examples of questions

• Difficult & popular 
questions

• Manual analysis of 
sample unanswered 
questions

Figure 1: Overview of our study methodology

3.1 Extracting CI posts
3.1.1 SOTorrent Database. In this study, we mine CI questions
& answers based on the SOTorrent dataset [5]. We particularly
utilized the latest dump, dated on December 2020, available on
Google BigQuery5 that allows executing SQL queries on various
public datasets. The dataset contains information about questions,
answers and their metadata such as the creation date, score and
view count.

5https://cloud.google.com/bigquery

3.1.2 CI posts. To extract relevant discussions on SO, we query
questions from the SOTorrent dataset being tagged with “continuous
integration" or that contain this term in their title texts. Similarly to
Peruma et al. [23], we excluded searching for the term in the body
of the post to avoid the increase of false positives in our dataset.
Table 1 summarises the collected data. As shown in the table, we
extracted 11,641 CI related questions, from which 1,981 (17.1%)
questions did not receive an answer, 5,382 (46.2%) had an accepted
answer, while 4,278 (36.7%) questions received at least one, but not
accepted, answer.

Table 1: Statistics about the collected data.

Item Count

Number of posts 27,728
Number of questions 11,641
Number of answered questions 9,660
Number of accepted answers 5,382
Number of distinct tags 2,806
Number of distinct users 17,992
Average number of tags per question 4
Average number of answers per question 1.4

3.2 Research Questions Analysis & Results
In this paper, we address three Research Questions (RQs). As de-
scribed in Section 1, RQ1 aims to examine the temporal trends
and growth of CI posts, users as well as the tags used to describe
the questions. In RQ2, we classify the CI discussions into topics
based on Natural Language Processing (NLP) techniques. Then, in
RQ3, we based on the results of RQ2 to identify the most popular
and challenging topics being discussed among developers. In the
next subsections, we explain the rationale behind each RQ and our
approach to to answer it. Then, we present our main findings.

3.2.1 RQ1. (Trends) How have CI discussions grown since the cre-
ation of SO?. Approach. First, we explore the volume of CI posts
(i.e., questions and answers) Then, we analyse the developers’ in-
volvement in CI discussions and whether a subset of SO users are
responsible for the majority of CI related questions and answers.
Then, to determine the concepts and technologies being associated
with CI questions, we manually review the tags and classify them
in order to determine the different categories these tags fall under.

Results. Trends of Questions. Figure 2 shows the yearly growth
of CI questions with and without an accepted answer. The red bars
represent the questions without an accepted answer, while the blue
bars are questions with an accepted answer. The total number of
questions is represented by the grey bars. Similarly to Peruma et al.
[23], we eliminate SO data from the years 2008 (SO was launched
this year) and 2020 as they contain incomplete information.

A first look at these bar plots shows that, as the years pass,
developers are showing more interest in CI since the number of
total questions increases each year. The only exception is for the
year 2014 in which the number of questions decreased by 36 as
compared to 2013. Regarding questions with an accepted answer,
except for the years 2013, 2014 and 2018, we found that the related
number of posts is also growing; while the number of questions
without accepted answers is always increasing. Additionally, from
the year 2014, the number of questions without accepted answers
outnumbered questions with an accepted answers.

https://cloud.google.com/bigquery
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Figure 2: Count of CI questions and their answers per year.
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Figure 3: Distinct users involved in CI discussions per year.
Trends of Users. Next, we look at the involvement of the SO com-

munity members in CI discussions. We investigate unique users
who post questions and answers and analyze their trends over the
years. Figure 3 reveals an increasing trend in the number of unique
users involved in CI discussions, except for the year 2014 (similarly
to the number of CI questions shown in Figure 2). Hence, we be-
lieve that the dip in questions and users in 2014 is an interesting
phenomenon that would require further investigation to explain
the reasons behind it.

Next, we investigate the distribution of unique users for both
questions and answers. As shown in Table 2, we see that 9,566
distinct users created 11,641 CI related questions (Table 1). As for
answers, we observe that 4,525 distinct users posted accepted an-
swers, while 5,589 distinct users are responsible for non-accepted
answers. We also see that 87.36% of the users asked at most one
question; which is applied to accepted and non-accepted answers.
Indeed, 88% and 92% of the users were associated with only one
accepted and non-accepted answer respectively.

Trends of Tags. As a further step to study the trends of CI dis-
cussions, we investigate the categories under which fall the tags
associated with CI-related questions. In total, our dataset contains
2,806 distinct tags excluding “continuous integration’" tag. The top-
10 tags are all related to servers (jenkins 7.9%, teamcity 2.3%, azure-
devops 2.1%, hudson 1.6%), platforms (docker 1.7%, gitlab 2.3%,
github 1.4%), tools (git 2.7%), programming languages (Java 1.5%)
and concepts (continuous-deployment 3.12%). These popular tags
represent 27.02% of the tags in the dataset as shown in Table 3.

Next, we plot the yearly growth of these popular tags as shown in
Figure 4. Recall that we ignore the years 2008 and 2020 due to their
incomplete data. Regarding CI servers, we observe that, except for
“azure-devops”, all the related posts are decreasing from a particular
year. For instance, we see that the volume of “jenkins” tag shrinks
from the year 2017 while the number of “hudson” tagged posts show
a steep decline from 2012. Additionally, the popularity of posts

Table 2: Distribution of the number of posts created by a user.

Number of posts created by a user count Percentage

Questions -total distinct users 9,566
1 8,357 87.36%
2 844 8.82%
3 195 2.04%
4 94 0.98%
5 32 0.33%

Others 44 0.46%
Accepted Answers - total distinct user: 4,525

1 3,996 88.31%
2 376 8.31%
3 93 2.06%
4 35 0.77%
5 10 0.22%

Others 15 0.33%
Non-Accepted Answers - total distinct user: 5,589

1 5,154 92.22%
2 336 6.01%
3 64 1.15%
4 15 0.27%
5 8 0.14%

Others 12 0.21%

Table 3: Top-10 most popular tags.

Tag Occurrence Percentage

jenkins 2,647 7.98%
continuous-deployment 1,035 3.12%
git 899 2.71%
teamcity 771 2.32%
gitlab 770 2.32%
azure-devops 697 2.10%
docker 589 1.77%
hudson 534 1.61%
java 528 1.59%
github 490 1.48%
Others 24,210 72.98%
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Figure 4: Yearly growth of popular tags associated to CI posts.

related to “github”, “gitlab”, “docker” and “continuous-deployment”
seems to be in constant increase over the years. We also see that
the curve of “git” and “java” tags are relatively constant.

Finally, we manually classify the tags to determine the most
popular technologies/concepts used in CI discussions. To this aim,
we manually reviewed a statistically significant sample of tags com-
posed of 538 tags which represents a confidence level and interval
of 99% and 5% respectively. As a result, we clustered the tags into
seven categories namely Platforms/Servers, Tools/IDEs, Programming
Languages, Framework/Library/API, Concepts, Operating Systems,
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and Other. Figure 5 shows the distribution of the instances associ-
ated with each tag category. Most of the tags (40.15%) are related
to platforms and servers which include CI servers (e.g., Jenkins,
Teamcity) and platform products such as Dockerand Amazon Web
Services. The next most popular category is related to general con-
cepts including CI principals (e.g., continuous deployment, contin-
uous delivery and build automation), repository (e.g., pull request,
versioning) and programming (e.g., variables, command-line). The
third most popular tags fall under the Tools/IDEs category (17.85%).
In this category, we found that tools are related to version con-
trol (e.g., Git), build (e.g.,Maven, MSbuild), testing (e.g., Selenium,
NUnit), configuration (e.g., chef-recipe) and code analysis (e.g., Find-
Bugsand Phpcs). The tagged posts include popular IDEs such as
Xcodeand Visual Studio. Tags related to programming languages
represent only 8.5% of the tags in our sample set. In this category,
we found that the top-3 most popular languages are Java, python
and C#. The category of frameworks/libraries/APIs which repre-
sents 5.7% of the tags include popular frameworks such as Node.js,
Ruby on Railsand Angular. With regards to Operating Systems (OS)
category, we found that the popular tags are mobile-based (e.g.,
Android and iOS).

Figure 5: Distribution of the tags’ categories.

3.2.2 RQ2. (Topics) What topics are discussed around CI?.
Approach. To explore the high level issues facing CI developers,
we use Latent Dirichlet Allocation (LDA) technique [9] to aggregate
and discover what is being asked in the CI posts. LDA has been
recognized as one of the best unsupervised Machine Learning (ML)
techniques that has shown its effectiveness in clustering a large
volume of text documents [22, 39]. In order to cluster CI posts, we
build a corpus in which each row is composed of a question’s title
and body. Additionally, it is necessary to preprocess the text in order
to filter out irrelevant information. We start by removing all the
code snippets (i.e., enclosed in < 𝑐𝑜𝑑𝑒 > tag), HTML tags (such as
<p> and </p>) and URLs from the corpus. Then, we proceed with
the removal of numbers and punctuation marks as they add a little
value to the text relevance. We also remove English stop words and
add an extra set of stop words composed of the frequently occurring
words such as “question”, “answer”, etc. The full list of removed
words is available in our replication package [1]. Finally, we apply
lemmatization of words to convert the word to its meaningful base
form (i.e., lemma) [3, 23].

To obtain optimal results with LDA, it is necessary to tune its
parameters [23, 39]. The first required input for LDA, is the es-
timated number of 𝑡𝑜𝑝𝑖𝑐𝑠 to be generated. Selecting a low value
can result in general topics while a high value would produce a
long list of detailed topics that could contain noise. Moreover, LDA

depends highly on the number of 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 that define when the
train reaches its end. Hence, we tune the maximum number of iter-
ations through the corpus when inferring the topic distributions.
The same uncertainty about the amount of these parameters also
exists for the chunk size and 𝑝𝑎𝑠𝑠𝑒𝑠 as they affect how well/poorly
the model can perform. While the chunk size defines the umber of
documents to be used at one in each training cycle, the number of
passes defines how many times the algorithm is supposed to pass
over the whole corpus. Hence, it is important to apply the parame-
ters’ tuning [32] for LDA. One the other hand, finding the suitable
LDA configuration can be seen as a combinatorial problem where
the selection is made from a very large space of choices. Therefore,
we use an advanced tuning technique, Genetic Algorithm (GA), to
effectively explore this large search space and find the optimal set
of parameter values of LDA. GA is a widely used computational
search technique, that has proven good performance in solving
many software engineering problems [28].

In our adaptation of GA, we selected four parameters to be
optimized along with their values ranges, i.e., the number of topics
(2 to 50), number of iterations (10 to 5,000), chunk size (10 to 2,000),
and passes (1 to 100), . Additionally, we compute and evaluate the
LDA models performance using the Topic Coherence metric [27]
which measures how similar are the topic words are to each other.

Finally, since LDA does provide meaningful names for its gener-
ated topics, we manually label the topic names. To implement LDA
algorithm, we use the python package Gensim6.

Results. As a result of tuning our LDA model using GA, we
found that the (near) optimal configuration consists of fixing the
passes, iterations and chunk size to 200, 2,000 and 500, respectively.
Additionally, the LDA clustering yields six main topics associated
with SO CI questions, that represent the main stages of CI/CD
pipeline, namely Build, Testing, Version Control, Configuration, De-
ployment andCI Culture as represented in Table 4. For each topic, we
show a partial set of the associated words (unigrams and bigrams).

Table 4: LDA topics and part of their corresponding words.

Topic Related Key Words (unigrams & bigrams)

Build
build, job, error, server, branch, fail, jenkins, teamcity, msbuild,
time

Testing
test, run, test-case, code, file, xcode, script, integration-test,
unit-test, selenium

Deployment
deploy, server, environment, pipeline, jenkins, use, application,
web, version, azure-devops

Configuration
configur, file, setup, error, gitlab-ci, install, yml, resource,
jenkins, name

Version Control
branch, git, gitlab, github, repository, master, change, push,
commit, pull-request

CI Culture
want, need, know, use, way, favorite, important, best, tool
company, different

Next, to determine the distribution of each topic, we assign for
each question in our dataset, the most dominant such as only topic
can be selected.

As shown in Figure 6, we clearly see that, Build topics are the
most frequently occurring topics with 39.5% (4,601 questions). In
the following, we describe in detail each topic and include some
representative examples of associated questions. It should be noted
6https://radimrehurek.com/gensim/

https://radimrehurek.com/gensim/
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Figure 6: Breakdown of the frequency for each CI topic.

that our analysis of the sub-topics is based on the frequent terms
in each topic as well as our manual investigation.

1. Build: As stated by previous research works [17, 28], software
build represents a major barrier that developers face when adopting
CI. To this aim, developers turn to SO for assistance with build
issues. In fact, we encounter in the list of associated words, terms
like “issue” and “fail” highlighting that developers seek help mainly
with fixing the broken builds (e.g., Quote 1). This suggests that
developers struggle to obtain working solutions for build resolution.

How do I fix this incorrect CI build failure?
““.. When the two dependencies change and all projects rebuild we get
incorrect failures like the one above. How can we stop from getting these

failures?"

Quote 1: An example of question where the user seeks help with
fixing the build failure.7

Another common challenge is related to the build performance
since the word “time” appeared in the top-10 words as shown in
Table 4. As stated in previous works [13, 30], the builds can take
hours and even days in CI context. This affects both the speed and
cost of software development [21] as well as the productivity of
developers who seek help to speed up CI build (cf. Quote 2).

Build in VSO takes a long time
“.. However, the execution of the builds takes forever. I have created a
small test solution (one class with one property) and a test project (with a
single test, using NUnit), and the build takes more than 20 minutes to

complete. Is there any way we can speed things up in VSO"

Quote 2: A Sample question on the need to speed up CI build.8

Servers/infrastructures are an essential for adopting CI as they
allow the automation of build process. The presence of the terms
“jenkins”, “teamcity”, indicate that these CI servers may not be easily
utilized by stakeholders. For instance, the user in Quote 3, is asking
how to speed-up the build with Jenkins. This question, despite
being viewed 7k times, did not receive a right answer after 8 years
of being published.

Jenkins - How to run post-build action without re-running the job?
“I have a lengthy Jenkins job with a failing post-build action. How can I
repeatedly run the post-build action without re-running the whole job?"

Quote 3: Sample question related to Jenkins.9

7https://stackoverflow.com/questions/7837902
8https://stackoverflow.com/questions/29848548
9https://stackoverflow.com/questions/15191539

Build systems were developed to automate the code compilation
and they are an essential part of CI process. Hence, more effort
is needed to improve build systems. In particular, according to
Table 4, more attention should be given to MsBuild, the Microsoft
build tool, that contains difficult-to-understand features which leads
to commonly occurring errors [15]. For instance, in Quote 4, the
developer is seeking help to solve an MsBuild error. This question
is among the most popular questions in our dataset by reaching
73k views. This finding aligns with Openja et al. [22] results.

build .NET application in Jenkins using MSBuild
“.. I’ve added MSBuild plugin ..But my build processes are failing by

showing the below error message"

Quote 4: Sample question related to MSBuild.10

2. Testing: Figure 6 shows that Testing is the second most domi-
nating topic representing 19% of CI questions that developers ask
in SO. This topic deals mainly with questions that actively discuss
the basics of testing. Indeed, when observing the frequent terms
in this topic, we encounter terms related to unit testing, test cases
and integration testing. For example, in Quote 5, the user wants to
know how to run integration tests. The accepted answer suggested
to “run integration tests automatically on TeamCity agent after main
build is completed".

How to run integration tests?
“... For plain unit tests, we use TeamCity for continuous integration.
How do you run the integration unit tests and when do you run them?"

Quote 5: Sample question related to integration tests.11

Some questions that may be interesting to investigate are ques-
tions related to mobile testing. Specifically, we found that Xcode,
an Integrated Development Environment (IDE) for mac-OS, is a
frequent term in testing topic. Indeed, mobile apps undergo fre-
quent updates to introduce new features, fix reported issues or
adapt to new technological or environment changes. Hence, intro-
ducing changes in this context is risky and can harmfully affect
the application rating and competitiveness. Thus, ensuring that the
changes can by safely integrated (i.e., by testing them) is of crucial
importance. As a result of our analysis, we found that developers
search information about how to solve their problems related to
testing or setting a mobile test environment as shown in Quote 6.

Travis CI Android Tests: no connected devices
“I am trying to set up Travis for Android. Running the build seems to

work so far, but when it comes to the tests, it complains about no
connected devices!.."

Quote 6: Sample question related to mobile testing.12

In addition tomobile apps, developers seem to be interested to the
continuous testing of Web applications. Specifically, we found that
Selenium, a set of tools and libraries for supporting Web browser
automation, is a frequent term in this topic. In Quote 7, we highlight
an example of a question about running Selenium tests with CI:

10https://stackoverflow.com/questions/10227967
11https://stackoverflow.com/questions/2552506
12https://stackoverflow.com/questions/31264136
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How to run Selenium tests with CI (Continuous Integration)?
“..I’m using Selenium for automated testing my websites. I have around
100 test cases and I want to run them every day by making Test Suite

automatically. "

Quote 7: A question to test Web applications with Selenium.13

3. Deployment: Continuous Deployment (CD) is an essential
practice consisting of automatically deploying every change into the
production environment [31]. We found that this topic covers 16%
of discussions about CI. When analysing the related questions, we
found that more than 70% of the discussions on this topic include
“how to" suggesting that generally, users are seeking help with
performing specific tasks about deployment. This result aligns with
the findings of Openja et al. [22] who find that the majority of “how"
questions are related to Deployment topic.

A manual investigation of a significant sample of questions, that
represents a confidence level of 99% and an interval of 5%, reveals
that users enquire about the deployment pipelines and their associ-
ated tools. Indeed, the success of implementing CI/CD practices de-
pends heavily on the appropriate selection of tools/infrastructures
[31]. By observing the frequent terms in this topic, we encounter
“jenkins” and “azure-devops”, two popular CI/CD servers. While
we found 357 (or 18% of deployment questions) Jenkins tagged
questions, Azure (previously known as Team Foundation Server)
tagged questions represent 16.7%. Quotes 8 and 9 show the most
popular questions about these two tools (in terms of views count).

JENKINS how to deploy artifacts to maven repo?
“I use jenkins 1.500 and I looking for plugin that will provide possibility
to deploy artifacts to maven repository, in previuos version of jenkins it
was possible in post build actions using maven-plugin but for now that

option dissappear.."

Quote 8: Sample question about deploying artifacts with Jenkins.14

How to set Azure pipeline variable from PowerShell
“..am trying to set the Azure pipeline variable value in PowerShell. I
have created one variable winversion in the Azure pipeline. Now, in a

PowerShell task, I want to assign some values to the winversion variable.
My simple question is how can I change the value of an Azure PipeLine

variable at run time?"

Quote 9: Sample question asking how to setup Azure pipeline.15

Web deployment is a relevant sub-topic in Deployment since the
terms “web” and “application” appear the frequent LDA terms in
this topic. When analyzing the deployment questions, we found
that 17% of discussions encounter the term “web”. An example of
Web deployment question is presented in Quote 10.

Is there any stable tool for complete Web deployment & CI
“I’ve spent a plenty of hours trying to find a full stable solution for an

application deployment (in my case it’s php). There are a lot of SO
answers, where phing / capistrano / hudson are being proposed, but such

propositions make me feel sad.."

Quote 10: Sample question about Web deployment.16

13https://stackoverflow.com/questions/5627070
14https://stackoverflow.com/questions/14694696
15https://stackoverflow.com/questions/55472792
16https://stackoverflow.com/questions/35995990

4. Configuration: Configuration management is an essential
part of CI/CD pipeline and discussions on this topic cover around
10% of CI questions in our dataset. By observing the frequent terms
in this topic, we realize that most of the concerns about configura-
tion is related to the appropriate setup of infrastructures/servers. In-
deed, we encounter the terms “jenkins” and “gitlab-ci”. By analysing
the questions in this topic, we found many questions related to con-
figuration issues with Jenkins. For instance, in Quote 11, the user
is asking how to configure Jenkins to run on port 80. This question
despite being viewed 77k times, did not receive accepted answers.

How to configure Jenkins to run on port 80
“..Is this because jenkins is running as the jenkins user on a privileged

port? If so, how do I fix this? Any other ideas a welcome."

Quote 11: Sample question about the configuration of Jenkins.17

Gitlab CI is a popular service that allows build up CI/CD pipelines.
According to our analysis, it seems that configuring the Gitlab CI
tool is not trivial. For example, in Quote 12, the developer is facing
an issue with the configuration file (i.e., gitlab-ci.yml) of Gitlab CI
that does not execute the scripts of build, deployment and testing.
In the accepted answer, it was mentioned that the developer should
use local paths in order to recognize the directory of the scripts.

gitlab-ci.yml not executing shell script
“I set up gitlab-ci for my project, and inserted the following yml

script..Do I have the wrong setup? Obviously its not the syntax and the
permissions are allright, otherwise i’d get an error.What could this be?"

Quote 12: Sample question about the configuration of Gitlab-CI.18

5. CI Culture: To take full advantage of CI, a set of guiding
principles should be applied. In this topic that represents 8% of dis-
cussions in our dataset, developers discuss how to properly embed
CI in their companies/projects. For instance, the developer in Quote
13 seeks to gain deeper understanding of the importance of using
CI. The accepted answer of this question includes: “Using CI is a
useful skill to have, but you want to avoid developing any bad habits
that wouldn’t translate to a team environment".

Is Continuous Integration important for a solo developer?
“h’ve never used CI tools before, but from what I’ve read, I’m not sure it
would provide any benefit to a solo developer that isn’t writing code every
day. First - what benefits does CI provide to any project? Second - who

should use CI? Does it benefit all developers?"

Quote 13: Sample question for CI culture topic aims to understand
how CI is important.19

This topic includes also discussions in which developers establish
comparisons about different tools of CI. For example, in Quote 14,
the developers need to choose between two popular CI servers,
Jenkins and Travis CI. This question has been viewed 132k times.

Jenkins vs Travis-CI. Which one would you use for a Open
Source project?

“For my project I need to choose between Jenkins and Travis-CI. I’ve
been using Jenkins for years but I’ve also read good reviews about

Travis-CI. Which one would you use for an Open Source project? What are
the main benefits or advantages of both?"

17https://stackoverflow.com/questions/9330367
18https://stackoverflow.com/questions/33807387
19https://stackoverflow.com/questions/130592
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Quote 14: Sample question for CI culture topic aims to compare
between Jenkins and Travis CI.20

6. Version Control: A core practice of CI is that all developers
commit to themainline (or master) branch daily. This topic is related
to challenges in setting up repository branches and maintaining
their synchronisation and covers around 6% of questions in our
dataset. By observing the topic related words, we found “gitlab”
and “github” are among the most used terms which indicates that
developers are facing challenges when using these two version
control systems. For example, in Quote 15, the user wants to find
out a way to force other developer to mention the issue in the
commit message on GitHub that seems to be a missed feature in
GitHub. Additionally, the question did not receive any accepted
answer after 9 years.

How to avoid developers to commit without mention the issue
on commit message on Github

“.. Our project is currently hosted on GitHub, and we have a well
configured Jenkins CI Server too. The doubt is: how we can force our

developers to mention a issue before commit?"

Quote 15: Sample question for Verion Control topic.21

3.2.3 RQ3. (Challenges) Which topics are the most popular and
difficult among CI related questions?
Approach. Similarly to previous studies [4, 22, 23], we consider the
(1) view count, (2) favorite count, and (3) score of CI questions as
metrics to measure the topic popularity. Of high scores obtained for
thesemetrics, themost popular is the CI topic. In addition, we aim to
identify the most difficult/challenging for developers. Particularly,
we look at questions that do not have any (accepted) answers as well
as the median time the community takes to provide an acceptable
answer to a question. Finally, we perform a qualitative analysis
by examining a significant sample of unanswered questions (i.e.,
questions without an accepted and non-accepted answer post). This
sample includes 498 questions and represents a confidence level
of 99% and an interval of 5% for each topic, from a total of 1,981
unanswered questions.
Results. Table 5 shows the topics popularity and difficulty results.

Popularity. Looking at the table, we clearly see that the Build
topic is the most popular in terms of favourite, view and score
counts while the Configuration topic is the least popular. This find-
ing confirms that build issues are themain concerns of CI developers
who turn to the SO community to seek help. Next, we compare the
popularity of CI questions against the other discussions on SO that
are not part of our dataset. As a result, we found that CI questions
have a higher average of scores (2.94) compared to the average
score of non-CI questions (2.1). However, the views and favorites of
non-CI questions are higher by reaching average values of 2472.2
(compared to 1996.5) and 2.7 (compared to 0.89) respectively. This
suggests that CI discussions are not among the popular discussions.

Difficulty.When it comes to the questions’ difficulty, we found
that Version Control discussions have the highest rate of unanswered
questions among the six topics reaching 21% and 59% of the ques-
tions having no answers or any accepted answer respectively. With
regards to time needed to receive an accepted answer, we found
20https://stackoverflow.com/questions/32422264
21https://stackoverflow.com/questions/13704498

Table 5: Popularity and difficulty of CI topics.

Topic

Popularity Metrics Difficulty Metrics

Average Counts Questions
without answers

Questions without
accepted answer Median hours

to an accepted
answerFavorite View Score count Percentage count Percentage

Culture 0.92 2082.8 3.23 164 17% 536 55% 5.0
Version Control 0.88 2045.9 3.04 148 21% 416 59% 5.0
Deployment 0.86 1380.5 2.16 349 18% 1102 58% 12.5
Testing 0.94 1642.0 3.00 411 18% 1235 56% 18.0
Build 0.95 2488.8 3.28 669 15% 2295 50% 10.0
Configuration 0.61 1654.6 2.45 240 19% 675 54% 10.0
Average for all
CI questions 0.89 1996.5 2.94 1981 17% 6259 54% 11

that Testing questions take over 18 hours in median to receive an
accepted answer. These results suggest that these two topics are
the most challenging for CI developers to answer. At the same
time, questions related CI Culture seem to be the least challenging
by achieving the lowest average percentage of questions without
answers (17%) and of median hours to receive an accepted answer
(only 5 hours). This may be explained by the fact that usually these
types of questions are non-technical (e.g., comparison between two
CI servers) and not specific to the developer’s project, which make
it easier for developers to answer. Overall, we see that CI ques-
tions receive accepted answers within a short period of time (11
hours) and that only 17% of the questions remain unanswered. In
the following, we investigate some of these unanswered questions.

Unanswered questions. As a final step of our analysis, we examine
the unanswered questions (i.e., questions without any accepted or
non-accepted answer). To this aim, we manually reviewed a sta-
tistically significant sample of unanswered from each topic with a
confidence level and interval of 99% and 5% respectively. Specifi-
cally, we examined these unanswered questions for incompleteness
(e.g., lack of source code, concrete examples, etc.) and ambiguity
(unclear or short questions) to identify the reasons behind the poor
interaction of users with these questions.

The result of our examination reveals that about 60% of these
questions were not completely ignored by users but rather received
a least one comment (up to 10 comments per question). We found
that these comments are either suggesting some solutions/answers
to address the questions (e.g., QuestionID = 4543975322) or request-
ing for more clarification (e.g., in QuestionID = 5552707823). In other
comments, the users mention that is no solution for the problem
(e.g., QuestionID = 804178524). Moreover, since our dataset covers
the questions until March 2020, we found some questions being
already answered after this date (e.g., QuestionID = 3868036625). Fi-
nally, we found rare cases where the unanswered questions are not
related to CI which means that in these questions, the developers
misuses the “continuous integration” tag in the question (e.g., Ques-
tionID = 4023107526). Hence, it seems that most of these questions
are not actually ignored by the CI community.

4 DISCUSSION AND TAKEAWAYS
More research on build (failure, time and systems).Despite the
significant number of studies that investigated the factors behind
build failures [7, 21, 26] and the proposed automatic prediction
tools [16, 28, 37], CI developers still seek assistance to deal with
22https://stackoverflow.com/questions/45439753
23https://stackoverflow.com/questions/55527078
24https://stackoverflow.com/questions/28741142
25https://stackoverflow.com/questions/38680366
26https://stackoverflow.com/questions/40231075
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build failures (as revealed by our findings); which suggests that
more effort is required to investigate/prevent the reasons behind
the build breakage. Future research can leverage the history of
discussions on SO to examine the possible reasons behind the build
failure. Moreover, our findings in RQ2 reveal that the long CI build
time is another challenge faced by developers who seek help with
solutions to speed up CI process. Recently, some solutions have
been proposed to partially address the problem, by detecting the
changes that can be skipped during the build [2, 30]. Nevertheless,
more effort is needed to speed up the time needed for changes
that cannot be skipped. Finally, as revealed in RQ2, the discussions
around build systems (e.g., MSbuild) are emergent. This potentially
indicates a need for research in building systems as they are an
important part of CI practices, as being under-studied [6].

Enhance the user experience. Developers use a variety of
tools, including servers, Version Control Systems (VCS), testing
frameworks and build systems, to support the CI of their software
changes. In this paper, we showed that most of the tags in the CI
questions are related to infrastructures and tools. Moreover, we re-
vealed that some tools/infrastructures are emergent in developers’
discussions. We, therefore, believe that tool builders must ensure
that their products exhibit an optimal user experience. Specifically,
the wide adoption of CI depends largely on the high availability of
tools/infrastructures. We encourage project stakeholders and devel-
opers to pay more attention to the selection of appropriate tools and
infrastructures and their configurations including those identified
in our study (e.g., Jenkins, TeamCity, Docker, etc.), for building CI
pipelines in order to mitigate its challenges and potentially reduce
obstacles for developers.

Improve testing activity.Getting people to write tests has been
broadly recognized as difficult [36]. This finding is confirmed by
our study as developers usually inquire about the basics of testing
in the context of CI. Hence, we believe that testing tools builders
should summarize more detailed instructions to help developers
create their tests more easily and quickly.

Investigate deployment issues. Our analysis revealed that
deployment is a popular topic in CI discussions. Similarly to CI,
Continuous Deployment (CD) practice helps reduce errors and
speed up the development process [31] which motivates the need
to study its specific challenges. Having provided a methodology
to investigate CI challenges, our study can be extended for an in-
deeper investigation of deployment challenges faced by developers.

Research on the configuration of CI environments. Our
study revealed that the configuration of CI servers/infrastructure
is a large concern for developers. While it is been reported that CI
systems are vulnerable to misconfiguration [14], little is known how
the features are misused in CI specification files. Hence, we encour-
age researchers to conduct empirical studies on this matter in order
to improve the management and verification of CI configurations.

More attention should be paid to Web/mobile platforms.
In RQ2, we found Web-related keywords (e.g., “Selenium”) in test-
ing and deployment topics (Table 4). Moreover, the emergence of
the mobile development is also apparent in these two topics (e.g.,
“Xcode” and “application” keywords). This suggests a trend toward
the CI of software for Web and mobile platforms. At the same time,
we note the very limited academic research being done today in
supporting the adoption in Web/mobile domains. Hence, we believe

that research effort is required to study the specific needs, related
to CI adoption, of developers in these platforms.

Lack of expertise and skill. CI/CD pipelines can be difficult for
newcomers. The SO community might need to propose incentives
to encourage CI experts to further contribute. Our findings motivate
more experienced developers to explore the CI-related problems
discussed by practitioners and solutions for these problems.

Towards a better understanding of CI practices/principals.
8% of CI questions discuss how to get into the philosophy of CI.
This finding may indicate the limited availability of knowledge and
training for CI and therefore suggests that it is still challenging
for developers to practice CI effectively. Hence, educators are en-
couraged to ensure that CI principals/practices are covered and
practiced in course materials and laboratories.

Teaching different CI topics. We recommend educators to
further focus on the most popular and difficult topics based on
specific experiences occurred to developers and discussed in Stack
Overflow (e.g., build, testing, version control, etc.) as identified
in our study and ensure that these issues are covered in course
materials and/or practiced by students in labs and/or assignments.

5 THREATS TO VALIDITY
Threats to internal validity are concerned with the factors that
could have affected the validity of our results. First, we entirely
relied on the existence of the term “continuous integration” in the
tag or in the title to identify CI related posts in SO. There is the
possibility that we may have missed other CI posts by excluding
synonymous terms. However, we highly decreased the false posi-
tives (i.e., selected questions that are not really related to CI). Indeed,
in rare cases, we found that “continuous integration” termwas miss-
used by developers when posting the question. Hence, we believe
that our approach resulted in a significantly relevant dataset.

Threats to construct validity are mainly related to the rigor
of the study design. The use of LDA to cluster CI discussions can
be considered as a threat to the construct validity of our study.
However, as mentioned earlier in the paper, this technique has
been widely used in similar contexts [22, 23]. Additionally, the
search space used to tune LDA parameters could introduce some
bias in our results as considering different ranges/parameters may
yield to different results. To mitigate this threat, we used an ad-
vanced technique, Genetic Algorithm (GA) widely used for the
automatic tuning of Machine Learning (ML) techniques [28, 35, 38].
Nevertheless, future replication of this work should explore other
ranges/parameters and their impacts on LDA performance. In terms
of qualitative analysis, we rely heavily on manual analyzing. Due
to the large volume of our data, we selected significant sample of
tags (RQ1) and unanswered questions (RQ3) as representative data
for our manual analysis with a confidence level and interval of 99%
and 5%, respectively.

Threats to external validity concerns the possibility to gener-
alize our results. To conduct our study, we collected data from Stack
Overflow (SO), the most popular Q&A forum [22], within a period
of 12 years (from 2008 to 2020). However, we cannot guarantee
the generalizability of our findings to other forums/websites. Fu-
ture work should replicate our study considering other technology-
based question and answer websites.
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6 CONCLUSION AND FUTUREWORK
In this work, we present the first empirical study to investigate the
trends, topics and challenges discussed by developers on Stack Over-
flow (SO) when adopting Continuous Integration (CI). By analysing
the asked questions, we show that SO has been widely used by de-
velopers to seek assistance with CI challenges. Specifically, Servers
and Platforms are tagged the most in CI questions. With regards to
CI topics, we found, using tuned LDA modeling, that discussions
on CI can be categorized into six topics where 40% of the questions
are about “Build” topic. Next, we investigate the characteristics of
answers in terms of popularity (e.g., number of views) and difficulty
(e.g., hours to receive an accepted answer) and find that “Build”
topics are the most popular, while “Version Control” and “Testing”
topics seem to be the most difficult. Based on our quantitative and
qualitative analysis, we also distill many takeaways for different
stakeholders. We plan, as a future work to conduct a survey with
different CI stakeholders from both open-source and industry in
order to complement our empirical study with further insights into
CI adoption and its related challenges, e.g., we can ask the inter-
viewed persons about the topics we observed in our empirical study
and how difficult they are for them.
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