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ABSTRACT
Companies have adopted Continuous Integration (CI) and Code
Review (CR) as key practices to monitor and improve software
quality continuously. These practices enable early detection and
correction of issues and have shown promising results in open and
closed-source projects. However, there is limited understanding of
the relationship between CI and CR in closed-source environments.
For instance, it remains unclear how CI practices influence CR
(and vice versa) and to what extent bad CI practices hinder the
CR process. To address this gap, we conducted a mixed-methods
study involving ten closed-source projects developed by industry
partners. We collected and analyzed 32 metrics related to CI and CR.
In addition to the quantitative analysis, we gathered perceptions
from project teams to (i) validate the identified correlations, (ii)
explore the effects of bad CI practices on CR, and (iii) understand
the perceived benefits and challenges of using CI and CR together.
Our results revealed 23 correlations between CI and CR processes,
leading to the following key findings: (i) the workload and execution
time of CI can influence code review time; (ii) CI and CR execution
times are more correlated when the processes occur sequentially;
(iii) bad CI practices (such as long-lived branches, poor testing
strategies, or complex build schemes) can negatively impact CR,
causing delays, reviewer overload, and undetected issues; (iv) CI
adds value to CR by anticipating problems, reducing manual tasks,
and supporting the distribution of updates; and (v) the joint use
of CI and CR presents challenges, such as ensuring code quality,
resolving merge conflicts, and aligning processes. These findings
shed light on the interplay between CI and CR and offer insights to
improve their combined use in closed-source software development.
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1 Introduction
In modern software development, code review (CR) and continuous
integration (CI) are widely adopted in both open-source and indus-
trial projects to enhance the development process [30, 46, 48, 51, 52].
These practices help ensure software quality and timely delivery.
CR focuses on detecting and correcting issues introduced during

development [2, 29, 44, 47]. It typically involves two or more devel-
opers reviewing code changes submitted by a peer and reporting
issues for correction [2, 36]. Tools such as GitLab and Gerrit support
CR processes. CI enables developers to frequently integrate code
into the main codebase through automated procedures [15, 21, 26],
supported by tools like Travis and GitLab CI.

Together, CR and CI form a central pillar of DevOps practices,
enabling teams to balance fast-paced delivery with sustained code
quality. Their integration is increasingly seen as a vital step toward
modern, scalable engineering workflows [15].

Despite their benefits, both CI and CR practices continue to face
persistent challenges. For CI, common problems include: poor de-
pendency management leading to overly complex build schemes [9,
25]; increased build times [22]; inadequate testing strategies [7, 40];
and long-lived commits or branches causing integration conflicts [9,
12, 25].For CR, challenges include: delays in review completion due
to prioritization issues or overloaded reviewers [23, 37]; lack of
documentation or overly large changesets [27]; and incomplete or
unrecorded feedback [14].

While the challenges of CI and CR are well documented, few
studies have explored their relationship [5, 35, 48, 51]. Existing
research has primarily focused on non-technical factors such as
reviewer workload, developer participation, and patch size [5], or
on how CI influences merge request discussions [51]. Most of these
studies are based on open-source projects [5, 48, 51], with limited
investigation into industrial settings [12, 51].

To address these gaps, we investigate the relationship between CI
and CR processes, seeking to identify correlations and understand
how code reviewers perceive their interplay. Given the existence of
documented CI bad practices in software development [17, 20, 33],
we also explore their potential negative effects on CR, along with
the perceived benefits and challenges of integrating CI and CR.

We conducted a mixed-methods study (quantitative and qualita-
tive) across ten closed-source projects from our industrial partners.
We collected 32 different metrics and complemented the quantita-
tive analysis with focus group discussions, addressing: (1) validation
of identified correlations; (2) the impact of CI bad practices on CR;
and (3) the benefits and challenges of CI-CR integration.

Our results reveal 23 correlations between CI and CR processes,
leading to the following key findings: (1) CI workload and execu-
tion time influence CR review time; (2) CI and CR execution times
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are more correlated when processes occur sequentially; (3) CI bad
practices delay CR, increase workload, and raise the risk of un-
detected issues; (4) CI adds value to CR by anticipating problems,
streamlining update distribution, and reducing manual tasks; and
(5) although CI and CR integration offers benefits, it also intro-
duces challenges that require adaptive and strategic management
to optimize software development.

2 Background and Related Work
Continuous Integration. CI is a process of modern software
engineering that is based on the frequent integration of code by
developers [11]. A common CI process is usually composed of
mechanisms that automatically allow the execution of tests, static
analysis, and the system’s construction. These mechanisms make
it possible for errors to be identified early, causing the reduction of
system errors in the production instance [16].

In practice, CI performs as follows: (i) the moment the developer
submits a set of changes to the version management server, the CI
server takes action to proceed with the build check; (ii) depending
on the configuration chosen, the execution of the CI can perform
tests (e.g., front-end, back-end, unitary, integration, among others);
(iii) a static analysis is performed to verify the syntactic quality
of the code; and, (iv) finally with the approved code, the changes
are integrated into the main development line [30]. Figure 1 shows
how a CI pipeline works.

Figure 1: Overview of the Continuous Integration Pipeline

CI is commonly used in conjunction with the CR to enhance
the review process. This is because a well-structured CI pipeline
can provide reviewers with more in-depth insights into the set of
changes that have been submitted to the review [35]. In addition, a
good CI pipeline provides developers with the possibility to refactor
the source code even before the modifications reach the reviewers.
That way, the reviewwon’t have to stick to themore complex details
of the changes, leaving aside basic implementation aspects [31].

Modern Code Review. In general, CR is limited to inspecting
the code for defects. Fagan [13] formalizes a well-structured pro-
cess for CR based on line-by-line manual review. However, many
companies today prefer a more lightweight process for CR, called
Modern Code Review (MCR). In MCR, the reviews are performed
more informally, and in most cases, supported by tools, such as
Gerrit and GitLab [2]. Figure 2 shows the steps commonly used in
the CR process [32].

In summary, the code review process follows this steps: (1) a
developer submits a set of changes to be revised by the reviewers;
(2) then, according to their experience, the reviewers provide a set
of comments and improvement suggestions; (3) after the correction
of the issues raised by the reviewers, the developer submits a new
set of changes to be revised; and (4) the reviewers need to reach an
agreement about the approval of the code changes to be integrated
into the codebase. This cycle is repeated until the reviewers reach
an agreement to approve or reject the proposed code change.

Figure 2: Overview of the Code Review Process

Continuous Integration Bad Practices. Duvall [10] alert to
the fact that the CI needs to be well implemented to obtain the
benefits and structure a series of bad practices related to the misuse
of CI. According to Zampetti et al. [53], some CI bad practices con-
cern (i) deployment of artifacts that have been generated in a local
environment, and (ii) deployment without a previous verification
in a representative environment.

Duvall [9] initially created a catalog with 50 patterns (and their
corresponding antipatterns) regarding several phases or relevant
topics of the CI process. Zampetti et al. [53] derived a catalog of
79 CI bad practices organized into 7 categories spanning across
the different dimensions of CI pipeline management: Repository,
Build Process Organization, Quality Assurance, Delivery Process,
Infrastructure Choices, Build Maintainability, and Culture. In this
work, we use Zampetti’s CI bad practices catalog [53].

2.1 Related Work
Although several studies have investigated CI and CR individu-
ally, relatively few have focused on understanding the relationship
between these two practices [5, 35, 48, 51].

Studies exploring the interplay between CI and CR. Rah-
man and Roy [35] analyzed thousands of automated build logs from
GitHub open-source projects to explore if there was a correlation
between CI status and aspects of CR, such as review participation
and review quality. Their findings indicated that successful CI builds
tend to encourage greater reviewer engagement in pull requests.
Zampetti et al. [51] conducted a qualitative analysis of integration
requests across 69 open-source projects and observed that pull re-
quests with successful CI builds were more likely to be merged
into the main codebase. Cassee et al. [5] performed an exploratory
study and found that after the adoption of CI, pull requests expe-
rienced fewer discussion comments, suggesting that automated
checks might have reduced the need for extended human communi-
cation. Wessel et al. [48] examined the adoption of CI bots that post
comments in pull requests and identified an increase in merged
requests, a decrease in non-integrated requests, and a reduction in
communication volume among development team members.

Studies examining how CI affects CR processes. Maipradit
et al. [28] analyzed the use of the recheck command in the Open-
Stack community and found that repeated CI builds, although com-
mon, rarely changed the build status but significantly delayed code
reviews and consumed substantial computational resources. Silva
et al. [42] emphasized the role of effective code review practices
in detecting defects and improving code maintainability, indirectly
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suggesting that enhancements in CI processes could positively in-
fluence CR outcomes. Bernardo et al. [3] evaluated the impact of
TravisCI adoption across open-source projects, revealing that while
CI improved developer confidence and decision-making, it did not
necessarily accelerate the delivery of pull requests. Santos et al.
[38] introduced Holter, a tool designed to offer deeper insights into
CI maturity and practices by continuously tracking key CI-related
metrics, aiming to improve adoption and effectiveness. Kudrjavets
and Rastogi [24] explored practitioners’ perceptions regarding re-
view speed, highlighting the importance of fast CI feedback and
rapid review cycles to enhance team productivity and satisfaction.

Studies that used CI and CRmetrics. Chen et al. [6] analyzed
190 pull requests from 142 GitHub projects. They developed a tool
to predict whether a code change would be integrated, based on
a combination of quantitative metrics and developers’ qualitative
opinions about the change. In our study, we selected a subset of
201 of the metrics used by Chen et al. [6]. We implemented them
in a script for automatic data collection in closed-source projects
hosted on GitLab. We focused on analyzing aspects related to team
participation in CRs and characteristics of the CI process within in-
tegration requests. Paixao et al. [34] tackled the issue that most code
repositories do not allow review comments to be properly linked to
the respective system versions at the time of review. To address this,
they developed CROP (“Code Review Open Platform”), a platform
that links CRs to complete system snapshots corresponding to the
review moment. Similarly, in this work, we used a software tool to
extract CR metrics systematically from code review data.

While these works provide important insights, our study intro-
duces several significant advancements. First, we focus exclusively
on closed-source industrial projects, addressing a context that re-
mains largely underrepresented in the existing literature, which pre-
dominantly concentrates on open-source ecosystems. Second, we
combine a rigorous quantitative analysis of 32 different CI and CR
metrics with a qualitative investigation based on real perceptions
of development teams involved in the studied projects. Unlike pre-
vious studies, we explicitly examine the impact of CI bad practices
on CR, exploring how inefficient CI configurations and workflows
can adversely affect review quality and turnaround times.

Furthermore, rather than limiting our investigation to isolated
technical factors, we adopt a holistic perspective that considers
technical, organizational, and human aspects shaping the relation-
ship between CI and CR processes. Our findings not only reinforce
existing knowledge but also extend it by providing practical insights
and lessons learned from real-world industrial scenarios. Thus, our
work substantially advances the understanding of how CI and CR
interact in practice, offering both researchers and practitioners a
deeper view of these crucial software engineering practices.

3 Study Settings
This study aims to investigate the relationship between Continuous
Integration (CI) and Code Review (CR) processes. We combine
CI and CR metrics, with team perceptions involved in industrial
projects to identify: (1) how team members perceive correlations
between CI and CR processes, (2) the impact of CI bad practices

1In total, we implemented 28 metrics: 20 extracted from the literature and 8 defined
specifically for our context.

on the CR process, and (3) the perceived benefits and challenges
of using CI and CR together. As a quantitative/qualitative research
effort, this study is restricted to the context of closed-source projects.
We detail each research question (RQ) as follows.

RQ1:Which aspects of the CI and CR processes are correlated? This
research question aims to identify correlations between various
aspects of CI and CR processes in industrial software projects. By
exploring these correlations, we aim to understand whether and
how these two software engineering practices are connected in
practice. The results from RQ1 serve as the foundation for RQ2.

RQ2: What are the development teams’ perceptions regarding the
correlation between CI and CR processes? This question seeks to
investigate how the teams from the analyzed projects perceive the
correlations identified in RQ1. Understanding their perspectives
helps validate our findings and uncover implicit details about CI
and CR practices within the partner organizations. It also allows us
to identify potential flaws or inefficiencies that may have influenced
the observed correlations.

RQ3: How do CI bad practices affect the CR process? This ques-
tion aims to explore how development teams perceive the effects
of CI bad practices on CR. The bad practices considered in this
study were identified in a previous analysis within the same indus-
trial context [43]. Our goal is to determine whether such practices
negatively impact the CR process beyond CI’s own efficiency.

RQ4:What are the benefits and challenges of using CI in the CR
process? RQ4 aims to understand how the outcomes produced by the
CI process are leveraged during CR. Building on the previous RQs,
RQ4 provides a focused analysis of the code reviewers’ experiences
in projects that integrate both CI and CR, shedding light on how
CI may enhance or hinder the CR process.

3.1 Study Steps and Procedures
We describe the steps to support our investigation as follows.

Step 1: Selecting closed-source systems for analysis.Our study
focuses on closed-source industrial projects. This choice was moti-
vated by the desire to capture CI and CR dynamics in controlled,
real-world environments where practices are often more formalized
and traceable. Unlike many open-source repositories, these projects
may offer structured CI pipelines, regulated review processes, and
access to team members, allowing for richer qualitative insights.

From the 46 projects developed by our industrial partners, we
selected 10 projects based on the following criteria: (i) systems that
have been configured for CI for at least one year; and (ii) systems
that have been in operation for at least one year. These criteria
were applied to ensure a sufficiently broad timeframe for analysis,
which is necessary to obtain consistent and meaningful results.
Table 1 presents general data for each selected system. We omitted
the system names due to intellectual property restrictions. The first
column lists the system, followed by: system domain; number of
versions (NV); lines of code (LOC); number of pipelines (NP); and
number of merge requests (NMR).

It is important to highlight that all selected systems from our in-
dustrial partners adopt the CR process as part of their development
workflow. Another key characteristic is that our partners started
using CI approximately three years ago, suggesting that they have
acquired a moderate level of experience with this practice.
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Table 1: General data about the analyzed systems
System Domain NV LOC NP NMR
S1 Skills-based Organizational Management 1 39,585 1,764 367
S2 Student Assistance 1 22,391 731 614
S3 Foreign Language Reading Proficiency 20 18,098 2,135 224
S4 Management of Complementary Activities for

Graduating Degrees
1 3,209 505 85

S5 Storeroom Management 4 22,045 106 290
S6 Organizational Risk Management 1 20,336 818 154
S7 Social Project Management 1 17,583 303 107
S8 Electronic Dental Records 7 65,636 1,218 443
S9 Academic Events Management 12 26,724 255 381
S10 Open Data Mining 2 4,092 364 147

Step 2: Selecting CI and CR metrics for analysis.We used the
work of Chen et al. [6] as the basis for selecting the metrics in this
study. This study summarizes a widely used set of metrics extracted
from previous research [5, 6, 18, 19, 45, 50, 54]. Additionally, we
selected metrics that met the following criteria: (1) the metrics
should have a direct relationship with CI or CR, and (2) the metrics
should be collectible within the GitLab environment. Based on these
criteria, we selected a total of 24 metrics: 19 related to CR and 5
related to CI. Furthermore, to capture more detailed aspects of the
CI and CR processes, we defined eight additional metrics related
to the following: errors reported by CI, review duration, and the
amount of work performed by CI, resulting in a total of 32 metrics.

Table 2 presents an overview of the 32 selected metrics, grouped
by category (CI and CR) and by dimension (time, participation,
and intensity). These dimensions help measure specific details of
the CI and CR processes in software projects: the time dimension
allows us to understand the duration of events associated with each
process (CI or CR); the participation dimension provides insight
into how team members engage in these processes; and finally,
the intensity dimension gives an idea of the workload involved in
CI and CR. It is worth noting that, among the metrics belonging
to the CI category, none relate to the participation dimension, as
CI processes are automated and therefore do not involve direct
interaction from project team members.

Step 3: Collecting and validating the computation of the
target CI and CRmetrics for analysis. To automate the collection
of the targetmetrics, we developed a Python script using the Python-
GitLab library2 to facilitate obtaining data, since our target systems
are hosted on the GitLab platform. The workflow of the script can
be described as follows: (1) first, authentication with the GitLab
API takes place; (2) next, the primary data of the selected projects
is retrieved; (3) for each project, the set of all merge requests of
the analyzed projects is recovered; (4) for each merge request, all
metrics are computed; and, finally, (5) the data is stored in CSV
format, generating one file per project.

The data collection through our script returned a dataset consist-
ing of 942 merge requests extracted from ten closed-source projects
hosted on GitLab. The collection was carried out individually for
each project, resulting in several CSV files. To ensure the reliability
of the collected data, we performed a validation of the metric values.
One of the study members manually inspected the data to identify
anomalies in the metrics computed by the script. As a result, it was
necessary to implement adjustments to the script code.

In our context, we use the term build to refer to each execution
of a CI pipeline triggered by a merge request or commit. A pipeline
2https://python-gitlab.readthedocs.io/en/stable/

corresponds to a full integration workflow composed of one or
more jobs, which are the individual execution steps (e.g., test, lint,
deploy). Thus, the reported build counts reflect all development-
related pipeline executions, including those triggered by updates,
re-runs, or minor changes, not only staging or production releases.
For instance, in system S4, the high number of builds (505) is due
to frequent updates and re-executions of pipelines during its devel-
opment cycle, despite its small codebase and single version.

While some of the extracted metrics leverage GitLab-specific
attributes, the conceptual definitions are generalizable and can be
derived from comparable features in other CI/CR platforms (e.g.,
GitHub, Bitbucket). Thus, our approach can be adapted to different
environments as long as the necessary metadata is accessible.

Step 4: Conducting the data analysis.We applied statistical
methods to identify correlations between the factors considered
in our study. In this context, the data obtained from Step 3 were
analyzed from two perspectives: (i) overall, aggregating all projects;
and (ii) separately for each project. To standardize the metric values,
we applied data normalization using “MinMaxScaler” method from
the Python “sklearn” library [4]. This method requires lower and
upper bounds to be set as parameters for normalization; we chose
-1 and 1. Next, we conducted an outlier analysis to avoid potential
bias in our dataset. Figure 3 presents the overall distribution of (a)
CI metrics and (b) CR metrics through boxplots.

We observed a significant number of outliers in both CR and CI
cases, which could potentially influence the correlation analysis.
Consequently, we removed the outliers using the Tukey test [8].
However, after generating the correlation matrix, we did not ob-
serve significant changes in the correlation coefficient values. Thus,
we opted to include the outliers in the metric analysis, as our dataset
did not contain a substantial amount of data.

Finally, to perform the correlation analysis, we first analyzed
the distribution of the data across all metrics (both CI and CR).
The distribution plots are available in our replication package. We
observed that the data did not follow a normal distribution. Conse-
quently, we computed Spearman’s rank correlation coefficient [39],
using a 95% confidence interval (𝜌-value ≥ 0.05). The Spearman’s
correlation coefficient ranges from -1 to +1, where 0 indicates no
correlation, and values closer to -1 or +1 indicate stronger correla-
tions between the variables [39]. To facilitate the interpretation of
the correlation coefficients, we used the following scale: (1) very
strong correlation (0.8 to 1.0 or -0.8 to -1.0); (2) strong correlation (0.6
to 0.8 or -0.6 to -0.8); (3) moderate correlation (0.4 to 0.6 or -0.4 to
-0.6); (4) weak correlation (0.2 to 0.4 or -0.2 to -0.4); and (5) very weak
or no correlation (0.0 to 0.2 or 0.0 to -0.2). Finally, we analyzed the
significant correlations to provide consistent interpretations.

Step 5: Collecting of code reviewers’ perceptions on correla-
tions, CI bad practices, and benefits/challenges of CI and CR.
To collect the perceptions of specialists who acted as code reviewers
in the projects analyzed in our study, we employed a focus group
approach to address our last three research questions. The planning
and execution of the focus group were based on the methodology
proposed by Almeida et al. [1], and involved the following steps:

Step 1: Environment preparation. First, we selected tools to sup-
port the focus group. We used a virtual whiteboard tool, Mural3, to

3https://www.mural.co/

https://python-gitlab.readthedocs.io/en/stable/
https://www.mural.co/
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Table 2: Metrics characterization
Dimension ID Metric Description Source

Code Review
M1 Review Time Measures the time from merge request creation to merge, reflecting the full review cycle regardless of CI status. [19]
M2 Mean Time Between Comments Shows interaction patterns during review. A short interval indicates quick back-and-forth, while a long interval may signal delays or low engagement. [50]Time
M3 Time Between First and Last Comment Captures review duration from the first to the last comment. Provides an overview of how long reviewers discuss a given code change. This Work
M4 Number of Participants Counts distinct reviewers in the discussion. More participants can improve diversity of feedback and code quality. [18, 19]
M5 Inline Comments Number of comments inserted directly into the source. High counts may signal problematic or complex code areas. [5, 6]
M6 General Comments Comments made in discussion threads rather than inline. Often cover higher-level topics like design or architecture. [5, 6]
M7 Effective Comments Comments that lead to code changes or highlight real issues. Indicative of valuable review feedback. [5, 6]
M8 Total Comments Overall number of comments in a review. Reflects discussion intensity and reviewer engagement. [18, 19, 45, 50]
M9 First Response Time Time from review creation to the first reviewer comment. Assesses reviewer promptness in providing initial feedback. [6, 50]

Participation

M10 Mention Count Number of “@” mentions in comments. Helps track individual reviewer involvement or attention to specific code parts. [54]
M11 Self-merged Commits Commits where the author and the merger are the same person. Such commits may bypass peer validation, potentially increasing the chance of undetected issues. [50]
M12 Source Lines Added Lines of production code added. Indicates development effort and potential review scope. [6, 18, 19, 50]
M13 Source Lines Removed Lines of production code deleted. Can reflect refactoring or bug fixes, but also risk if not reviewed carefully. [6, 18, 19, 50]
M14 Test Lines Added Lines of test code added. Reflects testing effort and may affect review complexity. [18, 19]
M15 Test Lines Removed Lines of test code deleted. Indicates test refactoring or coverage changes. [18, 19]
M16 Number of Reviews Count of distinct review sessions over a period. Useful for trend analysis of review activity. [6, 18, 19, 45, 50]
M17 Files Added Number of new files created. Higher counts can increase review scope. [19]
M18 Files Deleted Files removed during development. Impacts codebase integrity and review needs. [19]
M19 Files Modified Number of files changed. Ensures modifications are properly reviewed to avoid regressions. [19]

Intensity

M20 Total Changes Sum of added, deleted, and modified files. Gauges overall work size and review effort. [18, 19, 45]
Continuous Integration

M21 Total Builds Number of CI pipeline runs. Reflects build frequency and computational effort. This Work
M22 Successful Builds Count of CI runs that passed. Indicates code stability and readiness for deployment. This Work
M23 Failed Builds Count of CI runs that failed. Highlights build issues needing investigation. This Work
M24 Total Jobs Number of individual CI jobs executed. Measures computational workload per pipeline. This Work
M25 Successful Jobs Jobs that completed successfully. Reflects reliability of CI tasks. This Work
M26 Failed Jobs Jobs that failed during CI. Points to flaky tests or configuration errors. This Work
M27 Tests Run Total tests executed in CI. Important for coverage and quality assessment. [41]
M28 Tests Failed Number of tests that failed. Indicates functional issues requiring fixes. [41]
M29 Tests with Errors Tests that errored (e.g., exceptions). Points to logic or configuration problems. [41]

Intensity

M30 Skipped Tests Tests not executed. May indicate environment or dependency issues. [41]
M31 CI Latency Time from code change to CI completion. High latency can slow development and review cycles. [6, 50]Time M32 Build Correction Interval Time between a failed build and the next successful one. Measures efficiency in diagnosing and fixing CI failures. This Work

facilitate the visualization of the discussion topics and to encourage
the collaboration of participants. Within the platform, interactive
boards were created based on our research questions, where par-
ticipants (1) voted and expressed their agreement or disagreement
with two statements derived from the results of the first research
question, (2) listed potential effects of CI bad practices on the code
review process, and (3) identified benefits and challenges of CI in
CR. Figure 4 summarizes the boards created. The sessions were
held via Google Meet, and recorded and transcribed using the tldv
tool4 to facilitate analysis.

Step 2: Participant selection.We invited specialists who were part
of the development teams of the studied systems and who had
acted as code reviewers in the analyzed projects to participate in
the focus group. Before the session, a questionnaire was applied
to characterize the participants in terms of (1) education level, (2)
experience with CI, and (3) experience with CR. Table 3 presents
the participants’ profiles.

Table 3: Reviewers characterization
ID Education level CI expertise CR expertise
P1 Specialization Basic Intermediate
P2 Master’s Degree Basic Basic
P3 Doctorate Degree Advanced Advanced
P4 Doctorate Degree Intermediate Advanced

Step 3: Focus group execution. The focus group was conducted
remotely via Google Meet and lasted approximately one hour. The
session followed this structure: (1) introduction of the research
topic, explanation of the session dynamics, and clarification of par-
ticipants’ questions; (2) discussion on the influence of CI on CR
based on two statements evaluated on a scale from "strongly dis-
agree" to "strongly agree", with participants elaborating through
oral discussion and shared notes; (3) analysis of the effects of 14 pre-
viously identified CI bad practices [43] on CR, where participants
discussed and documented possible impacts; (4) after a 5-minute

4https://tldv.io/

informal break, a brainstorming session was held to gather per-
ceived benefits and challenges of CI in CR, again using shared notes;
and (5) conclusion with a thank-you message and summary of the
discussion. The session was structured to keep participants focused
and avoid unrelated topics.

Step 4: Analysis of results. Finally, we analyzed the results based
on participants’ perceptions. We employed qualitative analysis of
the shared notes and complemented it with participants’ statements
made during the session.

4 Results and Discussions
4.1 Related Aspects Between CI and CR

Processes (RQ1)
To answer RQ1, we analyzed the strongest correlations (i.e., coef-
ficients greater than 0.6) between the CI and CR metrics. These
relationships are visualized in Figure 5, which presents a heatmap-
style correlation matrix with color gradients indicating the strength
of each correlation, and are further detailed in Table 4.

Table 4 overviews the strongest correlations observed across
individual projects and the overall dataset, distinguishing between
direct (positive) and inverse (negative) relationships. Key correla-
tions and their possible implications are summarized below:

• CI Latency shows strong positive correlation with Review
Time, indicating potential workflow delays, while it in-
versely correlates with Number of Participants and Files
Added – possibly reflecting simpler, smaller changes in
faster cycles.

• Failed Builds are positively correlated with Review Time
and Files Modified (in some projects), and inversely cor-
related with Self-Merged Commits, suggesting that code
quality or review bypasses may impact outcomes. Number
of Participants appears to mitigate failures.

https://tldv.io/
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Table 4: Summary of the strongest CI-CR correlations observed across individual projects and the overall dataset
CI CR General 22 26 36 39 41 54 55 56 78 133 Occurrences

Review Time 0.79 0.93 0.82 0.83 0.87 0.88 0.78 0.63 8
Number of Participants 0.71 0.85 0.71 3CI Latency

Files Added -0.62 1
Review Time 0.79 0.62 0.72 3
Files Modified 0.74 -0.68 2

Number of Participants 0.65 1Failed Builds

Self-merged Commits -0.68 1
Number of Participants 0.82 1Failed Jobs Review Time 0.8 1

Files Modified -0.68 1Successful Builds Self-merged Commits 0.67 1
Review Time 0.81 0.7 0.72 3
Files Modified -0.77 1

Number of Participants 0.84 1Successful Jobs

Source Lines Added -0.65 1
Tests Run Review Time 0.63 1

Review Time 0.67 0.61 0.67 0.86 0.75 0.7 6
Number of Participants 0.84 0.64 2

Files Added -0.6 1Total Builds

Files Modified -0.68 1
Review Time 0.68 0.7 0.86 0.76 0.69 5

Number of Participants 0.8 0.61 2Total Jobs
Files Added -0.63 1

Occurrences 3 3 6 2 0 7 13 8 5 0 1 48

(a) General boxplot diagram for the CI metrics

(b) General boxplot diagram for the CR metrics

Figure 3: CI/CR metrics dist. (norm., outlier detection)

• Failed Jobs correlate with longer Review Time and benefit
from higher Participant involvement, following patterns
similar to failed builds.

• Successful Builds inversely correlate with Files Modified
but positively with Self-Merged Commits, potentially re-
flecting contributor experience or trusted changes.

• Successful Jobs are associated with shorter Review Times
and increased Participant Collaboration, but inversely
correlated with Files Modified and Source Lines Added,
indicating sensitivity to larger or riskier changes.

• Tests Executed correlate with longer Review Time, likely
due to validation effort.

• Total Builds positively correlate with Review Time and
Participant Count, but inversely with Files Added and
Files Modified – perhaps due to batch testing or integration
thresholds.

• Total Jobs follow similar patterns, correlating with Review
Time and Participants, but showing inverse trends with
Files Added.

By analyzing Table 4, we observed that all CI and CR metric
dimensions listed in Table 2 show at least one strong correlation.
Notably, CI execution time (measured by CI Latency) and CI work-
load (Total Builds, Total Jobs, Failed Builds, Successful Jobs) strongly
correlate with code review execution time (Review Time). This is
particularly relevant given that CI and CR typically occur in parallel,
and reviewers are expected to begin their manual analysis only after
CI completion. Furthermore, CI Latency and Review Time emerged
as the most frequent metrics among the correlations, reinforcing
the idea that CI duration may influence CR duration.

In addition, we noticed that successful builds and jobs tend to
correlate positively with self-merged commits and reviewer partici-
pation, whereas failed builds are more frequently associated with
broader file modifications and longer review times. This contrast
may reflect differences in integration confidence: smaller or trusted
contributions flow more smoothly, while larger or complex changes
require more effort and are prone to issues.
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Figure 4: Focus group mural board

Figure 5: Correlation matrix between CI and CR metrics

Finding 1: CI workload and execution time influence code
review duration, with smoother CI cycles linked to trusted
contributions and heavier workloads to complex changes.

4.2 Development Teams’ Perceptions of CI-CR
Correlation (RQ2)

To address RQ2, we analyzed the teams’ perceptions on correla-
tions identified in RQ1. We summarized these correlations into two
statements: (i) "the total code review time increases proportionally

to the total CI execution time", and (ii) "the more CI pipelines are
executed, the more the review time increases." Participants discussed
each statement during the focus group, expressing their agreement
levels and providing supporting or opposing arguments, as follows.

The total code review time increases proportionally to
the total CI execution time. Voting results showed a tendency
toward disagreement: two participants chose "moderately disagree",
while one selected "neutral" and another "moderately agree". At
first glance, this could suggest a contradiction with the strong
correlations identified in RQ1. However, participants’ comments
revealed deeper insights. For instance, #P4 explained that: "I can
imagine situations where reviewing is straightforward even if the
pipeline takes time; however, if the review depends on CI steps, then
yes." Similarly, #P3 noted: "sometimes the reviewer must wait for
the build and reports before starting the review." These comments
suggest that when CR depends on CI outcomes, i.e., the reviewers
wait for error-free CI results before starting, CI and CR execution
times naturally become correlated.

The more CI pipelines are executed, the more the review
time increases. Results for this statement mirrored the previous
one: two votes for "moderately disagree" and one vote each for "neu-
tral" and "moderately agree". Participants’ comments further clari-
fied the dynamics behind this correlation. #P3 stated that: "review
may focus only on what the developer marks as complete, regardless of
the pipelines.", suggesting that reviewers may proceed without wait-
ing for CI outcomes. On the other hand, #P2 noted, "Pipeline delays
create uncertainty about reviewing code early, as it might not pass
pipeline tests.", pointing to a more cautious, sequential approach.
These responses highlight two distinct scenarios: (i) reviewers con-
duct code reviews in parallel with CI execution, or (ii) they wait for
CI completion before beginning their evaluations. In the first case,
CI and CR proceed concurrently; in the second, they are sequential
and thus more tightly coupled. While not aiming to determine the
better approach, the feedback suggests that sequential workflows
strengthen CI–CR correlations, as teams often resolve CI issues
before reviewing.
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Finding 2: CI and CR execution times tend to be more corre-
lated when the two processes occur sequentially.

4.3 On the Effects Caused by CI Bad Practices
on the CR Process (RQ3)

In RQ3, we analyze the comments shared by the focus group par-
ticipants, categorizing them based on the bad CI practices they
referenced. These comments provide valuable insights into how
specific shortcomings in CI negatively affect the code review pro-
cess. Out of the fourteen bad practices identified in our previous
study [43], participants mentioned ten during the discussion. Ta-
ble 5 summarizes these practices, ordered by the number of associ-
ated reviewer comments. The first column presents an identifier,
the second briefly describes each practice, and the third reports the
frequency with which each was referenced.

Table 5: Analyzed CI bad practices
ID CI Bad Practice # Comments
MP1 Divergent branches 3
MP2 Missing tests in feature branches 2
MP3 Some pipeline tasks are manually triggered 2
MP4 Long build scripts 2
MP5 Developers do not have full control over the environment 1
MP6 Failure notifications are sent only to assigned teams/developers 1
MP7 Lack of testing in a production-like environment 1
MP8 CI server hardware is used for other purposes besides CI execution 1
MP9 External tools are used with default settings 1
MP10 Quality gates are defined without developer input, based only on

customer requirements
1

MP11 Feature branches are used instead of feature toggles 0
MP12 Test cases are not organized into folders by purpose 0
MP13 A build fails due to execution instability that should not occur 0
MP14 Developers and operators are maintained as separate roles 0

By analyzing Table 5, we observed that the first four bad practices
received the most attention, each with more than one comment
from participants. Among them, MP1 (divergent branches) was
the most frequently cited. We define divergent branches as feature
branches that are outdated from the main branch, increasing the
likelihood of merge conflicts and delays. In contrast, practices MP5
to MP10 received only one comment each, and the remaining four
were not mentioned at all.

This concentration suggests that the most discussed practices
are perceived as more impactful or prevalent in CI environments,
possibly because of: (1) Direct and Immediate Impact: practices like
divergent branches, missing tests, manual steps, and long scripts
tend to directly disrupt workflows; (2) High Frequency of Occurrence:
they may be recurrent in the participants’ environments, prompting
more detailed concerns; (3) Visible Consequences: conflicts, delays,
and operational difficulties are readily noticeable; and (4) Experience
and Familiarity: reviewers may have greater experience dealing
with these specific practices.

From the focus group comments, it became clear that CI bad
practices can generate problems that directly or indirectly affect the
CR process. The full list of comments is available in our replication
package. We discuss the most relevant practices as follows.

MP1 - Divergent branches lead to manual conflict resolu-
tion, delaying CR. The reviewers emphasized that outdated fea-
ture branches often lead to manual conflict resolution, causing
significant delays in the code review process. As #P1 noted: "di-
vergent branches often occur when developers delay updating their

branches." Additionally, #P4 highlighted a lack of experience in
handling merges, which exacerbates the problem: "merges should
ideally not generate conflicts."

MP2 - Missing tests in feature branches, was another fre-
quently mentioned issue. The reviewers stated concerns that the
absence of tests increases the reviewers’ workload and undermines
confidence in code quality. For instance, #P4 stated: "a pipeline
without tests is incomplete.", while #P2 reinforced the importance of
testing by noting: "the lack of regression testing undermines software
quality assurance." These comments suggest that missing tests not
only reduce CI effectiveness but also place additional responsibility
on reviewers to verify correctness manually.

Regarding MP3 - Some pipeline tasks are manually trig-
gered, the participants expressed frustration with the interruption
of automation. Manual intervention was seen as a source of delivery
delays and CI inconsistency. For instance, #P3 stated that: "manual
steps cause delays and break CI continuity." This observation high-
lights the importance of full automation in maintaining an efficient
and predictable integration process. MP4 - Long build scripts,
were discussed as a source of friction in both development and
review workflows. The reviewers emphasized that scripts that are
too long or poorly optimized tend to delay CI feedback, creating
bottlenecks for subsequent activities. As stated by #P3: "slow tasks
delay the process and can block workflow continuity."

MP5 - Developers do not have full control over the envi-
ronment, there was a recognition that restricted access to the build
or testing environment can hinder both development and review
activities. However, the need for full control was debated. As #P4
stated that: "developers need some control but not necessarily full
control.", indicating a balance between security, consistency, and
developer autonomy.

MP6 - Failure notifications sent only to assigned teams/
developers was also mentioned. Restricted visibility into CI fail-
ures was seen as a risk, potentially delaying the identification and
resolution of issues that could affect code review. The #P4 remarked:
"notifications should target relevant teams.", reinforcing the impor-
tance of timely and appropriate communication in CI workflows.
With respect to MP7 - Lack of testing in a production-like en-
vironment, concerns were raised about the gap between the test
environment and real deployment conditions. This disconnect may
allow critical defects to go undetected until the code reaches pro-
duction or review. As #P4 stated that: "a production-like environment
helps prevent problems from reaching production."

Finally, MP9 - External tools used with default settings,
was commented as a subtle but impactful issue. The participants
observed that relying on default configurations can limit the ef-
fectiveness of tools in the CI pipeline, as stated by #P4: "default
settings often fail to meet the team’s needs." This suggests that cus-
tomization is essential to align tools with project-specific quality
and performance requirements. In summary, from these comments,
we concluded that CI bad practices significantly impact CR by caus-
ing delays, increasing the reviewworkload, and elevating the risk of
undetected issues. Mitigating these practices is essential to ensure
a more efficient and reliable review process.
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Finding 3: CI bad practices impact the CR process by caus-
ing delays, increasing the review workload, and raising the
likelihood of undetected problems.

4.4 Benefits and Challenges Generated by CI in
CR Process (RQ4)

As explained in Section 3.1, the final step of the focus group involved
a brainstorming session where participants discussed the benefits
and challenges that CI introduces to the CR process. We discuss the
results in two parts as follows.

1) Benefits. Participants highlighted several ways in which CI
enhances the CR effectiveness. Their feedback highlights CI’s role
in enabling early detection of issues, reducing manual workload,
and supporting a more agile and reliable development process.
Proactive Problem Identification. CI tools help reviewers focus
their attention by signaling problematic areas in the code. As #P3
noted: "problem signaling tools make code review easier." Early Bug
Detection. Frequent and automated testing enables earlier identifi-
cation of bugs, reducing the likelihood of defects passing unnoticed
during CR. As stated by #P2: "Helps find bugs faster, as tests become
more frequent and automated." Efficient Update Distribution. Au-
tomated deployments speed up and stabilize the release of updates,
reducing the risk related to manual procedures. As highlighted by
#P2: "Facilitates the distribution of product updates to the customer."
Early Pipeline Issue Detection. Identifying CI issues before CR
helps prioritize corrections, improving review efficiency. As #P4
explained: "Some problems can be anticipated during pipeline steps,
helping with task prioritization and time management."

Automated Security Checks. Integrating vulnerability scans
into CI prevents critical security issues from reaching the CR phase.
The #P4 emphasized that: "Security and vulnerability checks are es-
sential and can be automated. Such problems would hardly be detected
during review." Reduction of Repetitive Tasks. Automation mini-
mizesmanual effort, allowing reviewers to focusmore on qualitative
analysis during CR. As stated by #P4: "Good CI simplifies repetitive
tasks through automation." In summary, these benefits position CI
as a key enabler for enhancing CR efficiency and software quality.
By anticipating issues, streamlining updates, and minimizing man-
ual work, CI strengthens agile practices and supports continuous
improvement in development workflows.

Finding 4: CI adds value to CR by anticipating issues, fa-
cilitating update distribution, and minimizing manual work,
thereby strengthening the efficiency of the software develop-
ment lifecycle.

2) Challenges. Despite the benefits, participants also identified
several challenges arising from the integration of CI into the CR
process. These challenges reflect the limitations of automation, the
complexity of real-world systems, and organizational barriers as
follows. Ensuring Code Quality. Even with CI support, main-
taining high code quality during CR remains a challenge due to
complex issues that are not always captured by automated testing.
The #P4 acknowledged, "ensuring code quality is challenging regard-
less of the pipeline. A successful pipeline helps, but reviewing itself is
a challenge." Conflict Resolution. Code conflicts, especially during

merges, were cited as a common source of delay, as noted by #P3:
"Code conflicts can significantly delay the process."

Implementing Complex Tests. Designing tests for complex
scenarios, such as those involving databases, demands substan-
tial effort and remains a challenge within CI. In this context, the
#P3 stated, "implementing different types of tests, especially those
involving databases in CI, is quite challenging." Process Alignment.
Misalignment between CI and CR workflows can reduce overall
efficiency, highlighting the importance of proper synchronization.
As stated by #P3: "The process affects both CI and review. Aligning the
process is challenging." Finally,Risk in Process Adoption.Adopting
new CI practices was seen as risky, particularly when processes are
not yet mature or well understood. As pointed by #P4: "adapting to
any process always involves risks."

These challenges reflect the complexity of integrating CI and CR
effectively. Addressing them requires strategic, flexible approaches
to ensure process synchronization, sustain code quality, and foster
efficient development cycles.

Finding 5: Combining CI and CR presents challenges, includ-
ing ensuring code quality, resolving conflicts, and aligning
processes, requiring strategic and adaptive approaches to op-
timize the software development cycle.

5 Study Discussion
The results from RQ1 revealed a significant association between CI
execution time and code review (CR) duration. This finding under-
scores an interdependence between the two processes, suggesting
that CI behavior directly influences how and when developers en-
gage in code review activities.

The correlation emerged both quantitatively, through statistical
analysis of 32 metrics, and qualitatively, via developers’ insights
gathered in focus groups. Notably, CI latency showed strong posi-
tive correlations with review time, while CI workload metrics (e.g.,
total builds and jobs) were also associated with longer review peri-
ods. These results are particularly relevant in contexts where CI and
CR occur sequentially, as seen in several of the analyzed projects.
In such cases, longer CI times delay the start of CR, introducing
bottlenecks into the development pipeline.

This interdependence was reinforced by developers’ comments,
which revealed frustration with long CI queues and the inefficiency
of waiting for CI results before initiating reviews. Although parallel
execution is theoretically feasible, our findings suggest that in prac-
tice, CI often acts as a gatekeeper for CR—whether implicitly or
due to formal process constraints. This highlights the importance
of reducing CI latency not only to accelerate feedback but also to
prevent review delays and developer context switching.

The RQ3 results further clarify the CI-CR relationship by high-
lighting how CI bad practices negatively impact the review pro-
cess. Participants reported issues such as limited test automation,
inconsistent builds, and fragile pipelines as harmful to review effi-
ciency and quality. Quantitatively, CI failures were associated with
longer review durations and more participants involved, implying
increased coordination and effort to resolve problems before ap-
proval. These findings are consistent with prior research on CI’s
role in maintaining development flow and confidence. Our results
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extend this view by showing that CI issues can propagate beyond
integration, directly affecting review timelines and potentially low-
ering review quality due to reviewer fatigue or distraction.

In contrast, RQ4 revealed the benefits of well-integrated CI and
CR workflows. According to participants, fast feedback, early bug
detection, and automation streamline reviews and allow focus on
higher-level concerns like design. Moreover, stable CI pipelines
reduce cognitive overhead, as reviewers rely on automated checks
for syntax and structural correctness.

Nonetheless, some challenges persist. Developers reported dif-
ficulties coordinating CI and CR schedules, managing divergent
branches, and maintaining review consistency across diverse teams.
These challenges suggest that successful integration of CI into CR
workflows requires not only appropriate tooling, but also team
coordination, process maturity, and cultural alignment. Altogether,
the results across all RQs emphasize CI’s critical role in shaping
CR outcomes. Well-designed CI systems facilitate integration and
support efficient reviews, while flawed CI configurations introduce
friction and undermine quality. Thus, improving CI performance
and stability is essential for teams aiming to streamline reviews
and reduce lead time.

Finally, this study contributes to the growing body of research
on real-world, closed-source software engineering practices. By
combining quantitative and qualitative evidence, we offer action-
able insights into how CI and CR interact in practice—and how
enhancing one can improve the other.

6 Threats to Validity
We discuss the threats to the validity of this study based on the
model proposed by Wohlin et al. [49].

Internal Validity. Variables not considered may influence the
relationship between CI and CR processes. To mitigate this, we
based our analysis on existing studies and selected a comprehensive
set of metrics to capture the nuances between CI and CR. The
focus group participants may not fully represent the diversity of
development teams. However, given the study context – where
code review is performed mainly by project technical leaders –
we consider the participant profiles appropriate. Subjectivity may
have influenced the interpretation of participants’ responses and
monitoring data. To address this, the data collection script was
validated by an expert, and the focus group application and analysis
followed the methodology proposed by Uchôa et al. [47].

External Validity. Findings may not generalize to all organiza-
tions due to variations in practices and contexts. Thus, our results
should be considered valid for environments similar to the one stud-
ied, characterized by CI bad practices, non-advanced development
teams, and mature review teams. Changes in CI and CR processes
over time could affect result representativeness.

Construct Validity. Different interpretations of CI, CR, and
related metrics may impact result comparability. To minimize this,
we relied on existing studies, especially Chen et al. [6], and supple-
mented the metric set based on the study’s context. Selected data
may not capture all aspects of CI and CR. To mitigate this, we col-
lected metrics from the projects’ inception to maximize sampling.

Conclusion Validity. Causal inferences are limited, as results
are based on correlations and participant perceptions. However, we

consider that the combined quantitative and qualitative analysis
provides sufficient support for the conclusions within the industrial
context. The studymay not cover all nuances of CI and CR processes.
Nevertheless, based on a methodology grounded in prior literature
and adapted to the project characteristics, we consider the findings
valid. A complementary study in an open-source context would
further verify the results.

7 Conclusion and Future Work
This study aimed to investigate the intrinsic relationship between
CI and CR processes in industrial software development environ-
ments. The analysis of the four research questions (RQ1 to RQ4)
provided a deeper understanding of how these processes intercon-
nect, the impacts of their relationship, and the challenges faced by
development teams.

RQ1 explored the correlation between CI execution time and
total code review time, revealing a significant association. The main
finding indicates that CI execution time directly influences CR dura-
tion, suggesting that improving CI efficiency can positively impact
code review. In RQ2, we found that this interaction is more evident
when CI and CR occur sequentially, emphasizing the need for a
seamless integration between the processes to optimize develop-
ment flow and minimize bottlenecks. Regarding the effects of CI
bad practices on CR (RQ3), we observed that CI bad practices can
lead to negative outcomes in code review, such as undetected bugs
and increased reviewer workload, ultimately affecting code quality.
In RQ4, we identified substantial benefits that CI brings to CR,
including proactive problem identification, early bug detection, and
efficient update distribution. However, challenges such as ensuring
code quality, resolving conflicts, and aligning processes demand
adaptive strategies to mitigate their impact.

Overall, the interdependence between CI and CR is complex,
involving both technical and human aspects. Careful implementa-
tion and integration of these processes are critical to fully realiz-
ing the benefits while overcoming the challenges identified. This
study provided comprehensive insights into the CI-CR relationship,
highlighting the importance of managing them strategically and
continuously improving both processes to enhance code quality, ac-
celerate the development cycle, and increase customer satisfaction.
As future work, we intend to: (i) apply the study to open-source
projects to validate the results obtained, especially about the corre-
lations between CI and RC; (ii) extend the script to collect CR and
CI metrics on other platforms; and, (iii) extend the qualitative study
of the relationship between CI and CR by capturing the perceptions
of both reviewers and developers.
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