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Abstract
Code review is a fundamental activity in collaborative software
development and is commonly performed through Pull Requests
(PRs) on GitHub. Refactoring consists of rewriting code without
changing its external behavior, improving its internal quality. In
PRs, refactorings are typically presented in traditional diff-based
interfaces as added and removed lines, making their intent diffi-
cult to understand. Consequently, reviewers must mentally recon-
struct the performed transformations, increasing cognitive effort
and potentially impacting review effectiveness. To address this
gap, we envisioned RavnCR (Refactoring Aware VisualizatioN for
Code Review), an approach that aims to improve the understand-
ing of refactorings during PR reviews through refactoring iden-
tification and specialized visualizations. RavnCR aims to extend
the traditional GitHub review interface by explicitly highlighting
refactoring-related changes while preserving the familiar review
workflow. To validate RavnCR’s proposed visualization, we per-
formed a preliminary quali-quantitative study involving develop-
ers with experience in code review. The evaluation assessed the
approach’s usability, effectiveness, and efficiency. Participants re-
ported that the visualization made the refactorings more explicit,
helped them identify and interpret the structural code changes, and
made the review process faster and more intuitive. However, some
visual elements, especially color-based highlights, require further
refinement to reduce ambiguity and improve developer experience.
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1 Introduction
Software development is a complex and collaborative activity that
involves multiple stages, ranging from implementing new fea-
tures to the continuous evolution of code [22]. In modern software
projects, this collaboration is supported by development platforms
such as GitHub, which enable version tracking, contribution in-
tegration, and communication among developers [6]. In GitHub,
proposed code changes are submitted through Pull Requests (PRs).

A PR involves two main roles. The author, who submits the
changes, and the reviewers, who evaluate them. Reviewers provide
comments, questions, or suggestions, and the author revises the
code accordingly. This cycle may repeat until the changes are ready

to be integrated into the codebase, requiring reviewers to interpret
and understand the code written by other team members.

Developer productivity depends not only on technical skills, but
also on the tools used during software development [18]. Develop-
ment tools mediate developers’ interaction with software artifacts.
In the context of GitHub, the PR visualization interface is based on
a textual diff model, in which differences between code versions
are presented line by line. The removed lines are highlighted in red,
while the added lines are highlighted in green. [9].

Refactoring consists of rewriting code without changing its ex-
ternal behavior, improving its internal quality [8]. Most refactorings
do not occur in isolation, but with other code changes [17], making
their understanding during reviews more difficult. This scenario is
challenging in GitHub, where the review interface presents code
changes as removed and added lines. In the case of refactorings, the
reviewer needs to reconstruct themeaning of the change, increasing
cognitive load and negatively impacting productivity [18].

To address this gap, we envisioned RavnCR (Refactoring Aware
VisualizatioN for Code Review), an approach that combines refac-
toring identification with visualizations that make refactoring ex-
plicit during code review. RavnCR will integrate refactoring detec-
tion mechanisms with an enhanced review interface that highlights
and contextualizes refactoring-related changes. The goal of this
paper is to investigate and validate RavnCR‘s proposed visualiza-
tion of refactorings in code review. Hence, RavnCR is currently
represented as a high-fidelity interactive prototype developed us-
ing Figma. This prototyping approach enables the evaluation of
usability, effectiveness, and efficiency while preserving a realistic
PR review experience. The current prototype extends the traditional
GitHub interface focusing on two common refactoring operations:
Extract Method and Pull Up Method.

We conducted a preliminary quali-quantitative study with five
developers experienced in code review, using SUS [5], think-aloud,
and open-ended questions to gather quantitative and qualitative
evidence. The preliminary evaluation of RavnCR suggests that ex-
plicitly visualizing refactorings can support developers during code
review. Results show positive perceptions as participants were able
to identify refactoring types, understand the relationship between
the original and modified code, and explain the performed changes.
Nevertheless, the findings also indicate that some visual elements,
such as color highlights, should be improved through captions,
contextual instructions, or clearer visual cues.
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The main contributions of this work are:
• A high-fidelity interactive prototype that improves the visu-
alization of two refactoring operations: Extract Method and
Pull Up Method.

• A preliminary quali-quantitative evaluation to assess the
usability, effectiveness, and efficiency of the proposed ap-
proach.

• A replication package containing the prototype, study mate-
rials, collected data to support transparency. [16]

2 Background
2.1 Code Review and Refactoring
Collaborative development platforms are essential in modern soft-
ware development, enabling teams to work in a coordinated manner.
GitHub stands out as the widely used platform [6]. Proposed code
modifications are generally submitted through Pull Requests (PRs).
A PR is a collaborative artifact that centralizes discussions, com-
ments, and technical decisions, while also presenting the compari-
son between two versions of the code. The PR interface in GitHub
displays differences between versions using a textual diff model,
in which removed lines are highlighted in red and added lines in
green. This visualization enables the identification of code changes.
However, it does not explicitly convey their semantic meaning.

Code review is a quality assurance mechanism capable of de-
tecting potential defects before the integration of code changes [1].
Developers analyze modifications proposed by other team mem-
bers, evaluating aspects such as clarity, correctness, adherence to
design patterns, and possible architectural impacts. In developers’
routines, collaborative activities such as code review are an essen-
tial part of software development, being performed frequently and
requiring cognitive effort, since they demand the understanding of
the proposed changes and their impact on the system [13].

Refactoring is the process of modifying the internal structure of a
software system while preserving its external behavior, to improve
its internal quality [8]. In practice, refactoring can occur at different
times. In many cases, it is performed when developers need to
modify an existing functionality while taking the opportunity to
improve the code [20]. Thus, most refactorings do not occur in
isolation, but instead in conjunction with other code changes [17],
making their understanding during code reviews more difficult.

Reviewers must not only identify what lines were added or re-
moved, but also understand whether the proposed changes repre-
sent behavioral modifications, structural improvements, or both.
When refactorings are mixed with feature implementation or bug
fixes, this task becomes more challenging, since the textual diff
does not clearly differentiate changes that preserve behavior from
those that change system functionality. Hence, reviewers may need
to spend more effort interpreting the intention behind the mod-
ifications and assessing their impact on the codebase. Therefore,
explicitly supporting the visualization and comprehension of refac-
torings in PRs can contribute to a more effective review process.

2.2 Developer Experience
Developer eXperience (DX ) refers to the perceptions, emotions, and
interactions that developers have with the tools, processes, and en-
vironments involved in software development activities [18]. Unlike

traditional approaches that primarily assess development perfor-
mance through quantitative metrics, DX emphasizes the human
aspects of software engineering, including cognitive, emotional, and
social factors that influence how developers perform their work [7].

A positive Developer eXperience has been associated with im-
proved productivity, efficiency, and satisfaction, as it reduces fric-
tion in development workflows and enables developers to focus on
higher-value tasks [18]. In this context, tools characterized by poor
visual clarity, complex interaction flows, or excessive cognitive
demands may increase the effort required to understand software
artifacts and perform development tasks [19].

2.3 Prototyping
Prototypes are simplified representations of software systems used
to explore design alternatives, validate requirements, assess us-
ability, and collect early user feedback before full implementa-
tion [10, 14, 23]. They are especially relevant for new visualization
and interaction techniques, as they allow researchers to evaluate
not only technical feasibility but also whether users can understand
the presented information and perform their tasks more efficiently
and with less effort.

This work adopts a prototype-based strategy to validate Ran-
vCR’s proposed approach to visualize refactorings in PRs. Rather
than developing a production-ready tool, the goal is to validate the
feasibility of the proposed interface and investigate whether explic-
itly presenting refactorings can improve reviewers’ understanding
of code changes.

2.4 Usability
Usability is a quality criterion of Human-Computer Interaction
(HCI). It is related to the ease with which users can learn, use, and
understand an interface, as well as to their level of satisfaction
when interacting with a system. In general, usability aims to as-
sess whether a solution enables users to perform their tasks in a
clear, simple, and appropriate way, considering aspects such as
learnability, efficiency of use, error prevention, and satisfaction [3].

According to ISO 9241-11, usability is defined as the degree to
which a product can be used by specified users to achieve specified
goals with effectiveness, efficiency, and satisfaction in a specified
context of use [11]. From this perspective, effectiveness is related
to the correct completion of the proposed tasks, efficiency refers
to the resources required to achieve these goals, and satisfaction
concerns the user’s subjective perception during system use.

3 Proposal for a New Refactoring Visualization
Approach

RanvCR’s interface was designed for integration in GitHub’s PR
review context, allowing reviewers to explicitly see refactoring
alongside the modified code. The new visualization includes a set
of visual and interaction features to support comprehension. One
of these features is the use of color to highlight refactoring-related
information. Purple was adopted as the main color because it differs
from the conventional colors commonly used in code diffs, such
as green and red. This distinction emphasizes that refactorings
represent structural changes, rather than additions or removals.
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Another feature of the proposed visualization is the presence
of navigation mechanisms. During a PR review, refactoring may
involve multiple code fragments, methods, classes, or files. Without
explicit support, reviewers may need to manually search for related
changes across the diff, increasing cognitive effort and making the
review more difficult. To reduce this effort, the approach provides
navigation elements that allow reviewers to move between detected
refactorings and inspect each operation individually.

The approach also includes an on/off interaction structure. This
feature allows reviewers to enable or disable the refactoring vi-
sualization according to their needs. When enabled, the interface
highlights and organizes information related to refactorings. When
disabled, the interface returns to the conventional PR visualization.
This was included to preserve user control and avoid overloading
the interface with additional information when not necessary.

As previously mentioned, refactoring modifies code while pre-
serving its externally observable behavior, improving code quality
and maintainability [8]. Among the commonly used refactorings
in software maintenance and evolution are Extract Method, Inline
Method, Pull Up Method and Move Method [15]. This work focuses
on two of them: Extract Method and Pull Up Method.

The Extract Method refactoring moves a cohesive code frag-
ment from an existing method to a new method with a meaning-
ful name, improving readability and reducing method complexity.
When shown only as a traditional diff, this refactoring may appear
merely as removed and added lines, requiring the reviewer to men-
tally connect the extracted code block with the new method. In
our visualization, the involved code fragments are highlighted in
purple, making the extracted block and its corresponding method
explicit. Visual emphasis is given to the added lines that define
the new method, allowing reviewers to quickly locate the destina-
tion of the extracted code. Rather than indicating that these lines
were added, the purple color has a semantic meaning to identify
code elements that participate in the same refactoring operation
and visually communicates the relationship between the original
fragment and the newly created method. Figure 1 displays the pro-
posed Extract Method visualization. The code used in this example
is discussed in Section 4.

The Pull Up Method refactoring moves a method from subclasses
to a common superclass, reducing duplication and strengthening
the class hierarchy. In a traditional diff, this change appears only as
removals and additions, requiring reviewers to infer that themethod
was moved. Our visualization highlights the refactored fragments
in purple and provides an interactive class diagram that enables
navigation between classes and their corresponding code, making
the method movement easier to understand. Figure 2 presents this
visualization, using the code discussed in Section 4.

4 Empirical Evaluation
This section describes the empirical evaluation conducted to assess
the proposed approach for visualizing refactorings in PR. The goal
of this evaluation is to investigate how the proposed visualization
supports developers during code review, especially when they need
to identify, understand, and interpret refactoring-related changes.
This empirical study evaluates the usability, effectiveness, and effi-
ciency, as discussed in Section 2.4. For this purpose, we employed

the high-fidelity prototypes presented in Figures 1 and 2. To guide
the evaluation, we defined the following research questions:

• RQ1: What is the perceived usability of RavnCR according to
the SUS score?

• RQ2: What was the participants’ perceived effectiveness using
RavnCR’s visualization?

• RQ3: What was the participants’ perceived efficiency using
RavnCR’s visualization?

4.1 Empirical Methodology
4.1.1 Examples. To evaluate the proposed visualizations, we crafted
examples of Extract Method and Pull Up Method refactorings. For
Extract Method, we considered the method calculateTotal, be-
longing to the Manager class. In the initial version of the code,
presented in Listing 1, the calculateTotal method is responsi-
ble for calculating the total value of a set of items and applying a
discount.

1 public double calculateTotal () {
2 double total = 0;
3 for (Item item : items) {
4 total += item.getPrice () * item.

getQuantity ();
5 }
6 if (total > 100) {
7 total *= 0.9;
8 }
9 return total;
10 }

Listing 1: Initial version of the calculateTotal method.

To improve code organization, the calculation of the total value was
extracted into the calculateItems method, while the discount
logic was extratced to the applyDiscount method. The original
method became responsible for coordinating these operations, as
presented in Listing 2. The way this refactoring appears in the
visualization can be observed in Figure 1.

1 public double calculateTotal () {
2 double total = calculateItems ();
3 return applyDiscount(total);
4 }
5 private double calculateItems () {
6 double total = 0;
7 for (Item item : items) {
8 total += item.getPrice () * item.

getQuantity ();
9 }
10 return total;
11 }
12 private double applyDiscount(double total) {
13 if (total > 100) {
14 total *= 0.9;
15 }
16 return total;
17 }

Listing 2: Refactored version after applying Extract Method.

In the Pull Up Method refactoring scenario, the example in-
volves a superclass, Employee, and two subclasses, Developer and
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Manager. Initially, both subclasses independently implement the
calculateBonus method, which is responsible for calculating the
employee’s bonus based on salary, as shown in Listing 3.

1 // Developer.java
2 public double calculateBonus () {
3 return salary * 0.20;
4 }
5 // Manager.java
6 public double calculateBonus () {
7 return salary * 0.20;
8 }

Listing 3: Initial version of the calculateBonus method.

The duplication represents a maintainability problem. Therefore,
the Pull Up Method refactoring was applied, moving the duplicated
method to the Employee superclass, as illustrated in Listing 4. The
refactoring is illustrated in Figure 2.

1 // Employee.java
2 public double calculateBonus () {
3 return salary * 0.20;
4 }

Listing 4: Refactored version after applying Pull Up Method.

4.1.2 Data Collection. Data collection was conducted through a
quali-quantitative procedure combining structured questionnaires,
task execution, and the think-aloud technique. It enabled the analy-
sis of task completion, participants’ interpretations of the interface,
encountered difficulties, and visualization elements that supported
or hindered understanding.

Participants were recruited through convenience sampling based
on availability and compliance with the eligibility criteria. Initially,
participants answered a characterization questionnaire was used to
collect information about their previous experience with software
development, code review, GitHub, and refactoring. This informa-
tion was important to interpret the results, since familiarity with
code review and refactoring concepts could influence participants’
perceived usability.

After the characterization step, participants interacted with the
prototypes using the code examples in Listing 1, 2, 3 and 4. During
this interaction, they were asked to identify and understand the
visualized refactorings while verbalizing their thoughts, doubts,
expectations, and interpretations. The think-aloud technique al-
lowed us to examine their reasoning and identify usability issues
that might not emerge from closed-ended questions alone.

The interaction sessions were conducted in person and lasted
approximately 35 minutes each. At the end of the session, partici-
pants answered an evaluation questionnaire composed of closed
and open questions. The closed questions characterize the System
Usability Scale (SUS) [5], which provided a standardized usability
score, while the open questions captured participants’ positive im-
pressions, difficulties, suggestions, and overall perceptions of the
proposed visualizations

4.1.3 Data Analysis. The System Usability Scale (SUS) [5] was
used to evaluate the perceived usability of RavnCR. The responses
were converted into contributions from 0 to 4, summed, and mul-
tiplied by 2.5, resulting in a score from 0 to 100. Scores above 70

are considered acceptable, between 50 and 70 marginal, and below
50 unacceptable [2]. Therefore, the result indicates high perceived
usability and contributes to answering RQ1.

The qualitative data consisted of the participants’ responses to
the open-ended questions and their verbalization during the think-
aloud sessions. The researchers manually transcribed the audio
recordings produced during the sessions. Although manual tran-
scription required more effort, it allowed the researchers to preserve
the context of each statement, identify expressions directly related
to the participants’ interactions with the prototype, and maintain
consistency between the recorded sessions and the resulting textual
data. In total, the transcription process resulted in approximately 13
pages and 4375 words. The transcriptions were subsequently com-
bined with the participants’ written responses to the open-ended
questions, forming the qualitative corpus analyzed in this study.

The analysis was conducted through repeated and systematic
readings of the complete qualitative corpus. During this process,
excerpts related to participants’ perceptions, difficulties, behaviors,
and reactions while interacting with the prototype were identi-
fied and extracted. Statements concerning the participants’ ability
to understand the presented refactorings were associated with ef-
fectiveness and used to answer RQ1, and excerpts describing the
effort, time, or difficulties involved in completing the activities were
associated with efficiency and used to answer RQ2.

4.2 Results
4.2.1 Participant Profile. The usability evaluation involved six par-
ticipants, including one pilot participant whose data were excluded
from the analysis. Thus, the final sample comprised five Comput-
ing students or professionals with three to five years of program-
ming experience. Python was used by all participants, followed by
JavaScript/TypeScript (80%), Java (60%), C/C++ (40%), and Go (20%).
Regarding Object-Oriented Programming, 80% reported intermedi-
ate knowledge and 20% advanced knowledge.

Participants had limited experience with refactoring: 20% re-
ported no knowledge, 60% basic knowledge, and 20% intermediate
knowledge; 60% rarely performed refactorings and 40% did so oc-
casionally, while none used specific visualization tools. For both
Git and GitHub, 60% reported basic knowledge, 20% intermediate
knowledge, and 20% advanced knowledge. Participation in Pull Re-
quests was frequent for 40%, occasional for 40%, and rare for 20%.
Regarding code reviews, 40% had never performed them, while 20%
reported rare, occasional, and frequent participation, respectively.

4.2.2 RQ1: What is the perceived usability of RavnCR according to
the SUS score? As shown in Figure 3, most participants perceived
the tool as having acceptable usability. P1, P2, P3, and P5 obtained
SUS scores of 87.5, 90.0, 92.5, and 95.0, respectively, indicating ex-
cellent usability, whereas P4 obtained 65.0, indicating marginal
usability. P4 also reported greater confusion and need for assis-
tance, suggesting that some interface elements or interaction flows
require improvement. Despite this lower score, the results were
predominantly positive, with an average SUS score of 86.0.

4.2.3 RQ2: What was the participants’ perceived effectiveness using
RavnCR’s visualization? In the open-ended questions, P1 stated:
‘I found the way the refactoring visualizations were presented on
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Figure 1: RavnCR’s Extract Method Visualization

Figure 2: RavnCR’s Pull Up Method Visualization

the screen intuitive. Evenwithoutmuch knowledge of refactorings,
it was clear to understand which type of refactoring was being
shown.” P3 added: ‘In particular, the visualization of ExtractMethod
helped me clearly perceive what was and what was not part of the
refactoring.”

During the think-aloud session, participants also demonstrated
their understanding of the changes. P1 explained: ‘Basically, it
took what was calculate total, which was a single function, and
divided it into several functions to calculate total and call other
functions that do the same thing, but in a more organized way.”
P4 observed: ‘Apparently everything was inside one method, and
here it was transformed into several methods: apply discount, total,

getitem count.” Similarly, P5 stated: “The total calculation was very
basic before. In the new version, several steps and specific elements
were added, such as the discount itself and auxiliary functions to
support the calculation.”

However, P4 reported ambiguity regarding the highlighting: “I
did not understand the purple color. I do not understand why it
is purple. The other changes were clearer, but here there are two
highlighted regions.”

Overall, the open-ended and think-aloud data show that the
visualization supported refactoring understanding, although some
elements require clearer explanations.
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Figure 3: Individual SUS scores by participant.

4.2.4 RQ3: What was the participants’ perceived efficiency using
RavnCR’s visualization? The open-ended answers state the percep-
tion of efficiency. P2 said “I think that because it is more intuitive,
it would even make the process faster and with good quality.” Sim-
ilarly, P3 highlighted “It makes the experience more visual and
speeds up the understanding of the code.” , while P5 discussed
“I believe it would make code reviews faster and more intuitive.”
These reports indicate that participants associated the visualization
not only with clarity, but also with a reduction in the cognitive
effort required to identify and interpret refactorings.

The think-aloud data also provided evidence of this relationship
with efficiency. P1 was able to quickly understand the transforma-
tion performed, stating that the original function had been divided
into smaller and more organized functions, and concluded that
“it was possible to understand”. P2 explored the interface and pro-
gressively identified the elements presented, such as modified files,
comments, before-and-after code, and navigation between code sec-
tions, which suggests that the interface guided the interpretation of
the changes. P5 said “So I can switch between them to see directly
through the diagram what happened, the changes.”

This result suggests the visualization has the potential to make
code review more efficient. Thus, it indicates that the proposal may
contribute to a faster review process with lower interpretive effort.

5 Threats to Validity
The number of participants was limited, which restricts the gen-
eralization of the results to populations of reviewers. In addition,
the study focused only on two refactoring types, namely Extract
Method and Pull Up Method. To mitigate this, the study collected
both quanti-qualitative data, combining closed-ended questions,
open-ended questions, and think-aloud observations.

The evaluation was conducted using high-fidelity prototypes
designed in Figma rather than a fully implemented tool integrated
into GitHub. The use of high-fidelity prototypes helped approx-
imate the interaction that users would have with an integrated
review interface. Although the prototype was not a fully imple-
mented GitHub extension, it reproduced the main visual elements
and interaction flow proposed by the approach.

Another threat to validity concerns the assessment of participant
satisfaction. Since the evaluation involved a single, short interac-
tion with a prototype in a controlled setting, it was not possible to
measure satisfaction resulting from prolonged or repeated use of

the proposed approach. The collected data therefore reflect partici-
pants’ immediate perceptions after the evaluation rather than their
satisfaction in a real code review workflow over time.

6 Related Work
RAID (Refactoring-Aware and Intelligent Diff ) is a code review sup-
port tool designed to make refactorings explicit during the review
process [4]. The approach automatically detects refactoring opera-
tions in PRs and reorganizes the traditional GitHub diff through a
browser extension that highlights these transformations. RAID’s
approach is solely centered on the textual reorganization of diffs,
keeping the same color scheme, which provides limited support for
the visual and semantic interpretation of structural transformations.

REFACTORINSIGHT is an IntelliJ plug-in that automatically iden-
tifies refactorings and separates them from behavioral changes [12].
However, the proposal is restricted to the IDE environment and
does not investigate how alternative visualization strategies could
further facilitate the comprehension of refactoring operations dur-
ing code review.

CIRef is a web-based tool that supports the exploration of refac-
toring histories in Java projects [21]. The approach detects refac-
torings in GitHub repositories and presents them through timeline-
based visualizations and file-ranking mechanisms. Nevertheless,
CIRef focuses on retrospective analysis of software evolution rather
than supporting the code review process itself.

7 Conclusion
Code review is an essential practice in modern software devel-
opment, acting as a quality gateway for integrating changes into
software projects. However, when PRS include refactorings, tradi-
tional diff-based visualizations may make the review process more
difficult, since reviewers need to mentally reconstruct the semantic
meaning of the changed code. This work addressed this problem
by proposing, an approach for making refactorings explicit during
code review through dedicated visualizations.

To investigate the perceived usability of the proposed approach,
we evaluated high-fidelity prototypes for Extract Method and Pull
Up Method through closed-ended questions, open-ended questions,
and think-aloud observations. Overall, participants considered the
visualization useful, easy to understand, and more effective than a
traditional diff for identifying and interpreting refactorings, sug-
gesting that it can reduce comprehension effort and improve the
code review experience. However, some participants faced difficul-
ties with specific visualization elements and required additional
guidance.

As future work, we intend to implement RavnCR as an integrated
tool in GitHub, and evaluate it in realistic development scenarios.
We also plan to extend the approach to support additional refactor-
ing types and conduct studies with a larger and more diverse group
of developers. In addition, future evaluations should investigate
participant satisfaction through longer-term and repeated use of
the tool in real code review workflows.

Artifact Availability
All artifacts, including the prototype link, study results, and re-
search forms, are available in https://zenodo.org/records/21879661

https://zenodo.org/records/21879661
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