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Abstract—The use of eye tracking in software engineering
studies has increased steadily in recent years. Most eye-tracking
empirical studies conducted on source code are typically shown
within an integrated development environment (IDE) such as
Eclipse, IntelliJ, or PyCharm. iTrace is community eye-tracking
infrastructure that enables researchers to conduct realistic eye-
tracking studies within an IDE. It provides a suite of tools to
gather and process eye-tracking data on software artifacts that
can later be used towards some functional goal. In a realistic
setting, software developers work with a variety of artifacts
besides source code. Source code and many of these artifacts
are accessible via a web browser (e.g., an issue-tracker, online
IDEs). Eye tracking within the web browser is inherently limited,
even with state-of-the-art eye-tracking vendor software. This
paper presents iTrace-Chrome, a highly scalable Google Chrome
extension for the iTrace infrastructure supporting fine-grained
eye tracking in a web browser. The architecture of iTrace-Chrome
is presented along with two usage scenarios and guidelines on how
software engineering researchers can use and adapt the plugin
in their own research to study source code and related artifacts.

Index Terms—eye tracking, software engineering, program
comprehension, Stack Overflow, GitHub, Bugzilla, empirical
studies

I. INTRODUCTION

Software engineering researchers use eye-tracking equip-
ment to study developer comprehension in source code with
respect to certain tasks [1]-[5]. Researchers also use eye-
tracking data in larger research areas, such as neural code
summarization [6] and attention-based traceability link recov-
ery [7]. Typically, eye-tracking studies are limited to a single
fixed-size artifact (i.e., a single stimuli of one screen/page)
and thus, subjects are unable to scroll within an artifact or
switch between them and reliably maintain the collection
of accurate eye tracking data. iTrace [8] is a community
eye-tracking infrastructure that eliminates this limitation in a
scalable fashion, unlike existing ad hoc solutions [9], [10].

iTrace [8] consists of a core engine, that implements the
interface to eye-tracking hardware, and a set of plugins to
Integrated Development Environments (IDEs). The plugins
work with and utilize the iTrace-Core (eye-tracking engine
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interface) to allow developers to scroll and switch between
different software artifacts (e.g., source files, text documents,
etc.). However, software development activities are not solely
limited to working in an IDE. It is common for a software
developer to move between the IDE, Stack Overflow, bug
reports, issue trackers, and other software artifacts during a
typical coding session. For example, a developer might search
for solutions to coding problems via a search engine (e.g.,
Google Search) or community forum (e.g., Stack Overflow),
or they make use of other web-based artifacts such as an issue-
tracker (e.g., GitHub Issue List). Many of these artifacts are
accessible through a web browser.

Existing approaches for eye tracking in browsers [9]-[11]
suffer from several key limitations that hinder their use in
realistic software engineering studies. First, many tools rely
on static or pre-captured representations of web pages, as-
suming that content does not change during interaction. This
makes them unsuitable for modern web applications where
layouts dynamically change (e.g., pop-ups, collapsing sections,
or asynchronous content loading). Second, several tools re-
quire manual specification of Areas of Interest (AOIs)—often
through CSS selectors or post hoc annotation—which is both
labor-intensive and brittle across different page structures.
Third, prior systems are typically restricted to the browser
alone, lacking integration with development environments
and thus failing to capture the multi-artifact workflows that
characterize real-world software development. Finally, some
solutions are tightly coupled to specific hardware or architec-
tures, limiting extensibility and broader adoption.

iTrace-Chrome' is designed to directly address these limi-
tations. Unlike approaches that rely on static page represen-
tations, iTrace-Chrome operates on the live Document Object
Model (DOM), enabling robust tracking on dynamic, evolving
web pages. Rather than requiring manual AOI specification,
it uses element descriptors to automatically detect AOIs in
real time, improving both accuracy and usability. In contrast
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to browser-only tools, iTrace-Chrome is integrated within the
broader iTrace infrastructure, allowing simultaneous tracking
across IDEs, text editors, and web browsers, thereby support-
ing realistic developer workflows. Furthermore, its modular
architecture enables easy extension to new web pages through
content scripts without modifying the underlying tracking
engine. Together, these capabilities enable more flexible, scal-
able, and ecologically valid [12] eye-tracking studies than
previously possible.

II. RELATED WORK

In this section, we present related work done on eye track-
ing in the browser. Dunagan and Sunshine detailed current
frameworks for conducting software engineering studies in
the browser, including experiment creation tools like jsPsych
[13]. Eye tracking for such tools is limited to webcam-based
data (which is not as precise as research-grade eye trackers)
and cannot be extended outside a psychology-based study
framework; it cannot be used to collect data on GitHub or
Stack Overflow, for example. Other tools for analyzing web
engagement focus on visualization rather than defining Areas
of Interest (AOI) [14], [15], or they require manually marking
AOIs post hoc on an image of the website [16]. Next, we
present three tools closely related to iTrace-Chrome.

The work by Rohrl et al. is closest to our approach. They
introduce WebGazeTrack [10], a Google Chrome extension
able to track Document Object Model (DOM) changes and
utilize a Tobii Pro Fusion eye tracker without the need of
additional software, allowing the entirety of an eye-tracking
study to run within the browser, including calibration. For user
interaction studies, this tool still requires manually defining
user events and AOIs using CSS selectors. As popular software
moves to the browser, including web-based IDEs, this work
shows the importance of enabling browser-based eye tracking
for software engineering research. However, WebGazeTrack is
not open source and tightly couples the eye-tracking logic with
the semantic logic in the browser which limits reproducibility
and adoption. We cannot test the tool (at time of writing) as
it is not available online. Adding support for new trackers
involves significant changes to the architecture. It may require
custom-built applications depending on the usage scenario. It
is also specific to the Tobii Pro Fusion hardware.

eyeScrollR [11], introduced by Larigaldie et al., is a related
approach that maps eye-tracking data to scrollable web content
using an R-based framework. While effective for analyzing
gaze data on web pages, it assumes that the page remains static
in structure and length during user interaction. This assumption
limits its applicability to modern web environments, where
elements frequently change—such as dynamic content loading,
pop-ups, or layout adjustments. Because eyeScrollR relies on
a pre-captured full-page image to map gaze data to Areas
of Interest (AOIs), it cannot accurately accommodate such
changes. In contrast, iTrace-Chrome overcomes this limitation
by operating directly on the Document Object Model (DOM)
and collecting data in real time. By using element descriptors

to define AOIs, it can precisely determine whether a user is
viewing an AOI even on highly dynamic web pages.

PosEyeDOM [9] is a Chrome extension capable of gathering
eye tracking data and performing analysis on Al generated
code suggestions within the web based VS Code editor.
PosEyeDOM as a tool is created specifically for a specific eye
tracker by SR Research and uses their WebLink software to
record web browser data on Al code suggestions, while iTrace
Chrome is built to support any webpage and is not specific
tracker dependent nor is it dependent on vendor software.

iTrace-Chrome addresses gaps of accessibility and support
by being open source, not dependent on commercial vendor
software, and built for an existing community infrastructure for
conducting eye-tracking studies that supports many common
input sources such as code, text, Stack Overflow posts, GitHub
issues and easily customizable to include other artifacts [8].
Unlike WebGazeTrack, iTrace-Chrome is designed to be mod-
ular separating the tracking engine from the different plugins
it supports. Extending iTrace is easier because developers only
need to modify what they need to extend such as support for
a new plugin or support for a new eye tracker with the rest
remaining intact. A comparative summary is provided in Table
I to highlight the differences of iTrace-Chrome with existing
tools. Extending the iTrace [8] framework with the Google
Chrome plugin has already proven useful for conducting
software engineering studies [17], [18] described in more
detail in Section IV.

III. ITRACE-CHROME ARCHITECTURE

iTrace? currently supports Eclipse, Visual Studio, JetBrains’
IDEs, Atom, Sublime, Notepad++, and now Google Chrome.
Additionally, it supports all Tobii Pro eye trackers, GazePoint,
and SmartEye eye trackers. Besides this core functionality, it
supports post-processing via iTrace-Toolkit [19] and iTrace-
Visualize [20] with support for screen recording via iTrace-
ScreenRecord?. More details are provided on our downloads
page at https://www.i-trace.org.

iTrace-Chrome is implemented as a plugin* for the Google
Chrome web browser (most recent version as of this writing)
using Manifest V3. To function properly, it must be connected
to a running iTrace-Core instance. There are three major
components of iTrace-Chrome: The user interface, the content
scripts, and the service worker. See Figure 1 for an overview of
the architecture. A video demonstration’ of iTrace-Chrome is
available on our YouTube channel. Besides being available on
our website for immediate download and use, iTrace-Chrome
is also available on the Chrome Web Store.

iTrace-Core connects to an eye tracker and communicates
with the plugin (iTrace-Chrome) by sending it the raw gaze
coordinates of a developer as it receives them. The eye tracker
calibration is done via the iTrace-Core interface. It also writes
the raw data gaze points, validity codes, and calibration data
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into an XML file (referred to as Core Data (XML) in Figure
1). iTrace-Chrome receives these coordinates via a web socket
through a service worker and, based on the page being viewed,
Participant processes the data using a content script. The content scripts
produce HTML element data that the raw gaze coordinates
map to. The purpose of each of these areas, how they function,

Gaze and the components that they contain are described below.
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web pages: 1) Google Search results pages, 2) Stack Overflow
Questions pages, 3) Stack Overflow Search pages, 4) GitHub
Issue List pages, 5) GitHub Profile pages, 6) GitHub PR pages,
7) GitHub PR List pages, and 8) Bugzilla Bug pages.

Figure 3 shows an example of areas of interest on a
Stack Overflow page. These areas of interest are automatically
mapped to the translated gaze coordinates by the content

Fig. 1: An architecture overview of iTrace-Chrome



TABLE I: Comparison of iTrace-Chrome with Related Eye-Tracking Tools

Criteria iTrace-Chrome WebGazeTrack [10] eyeScrollR [11] PosEyeDOM [9]
Stimulus Type Dynamic, live web pages Dynamic web pages but Scrollable but assumes static *:/*.github.dev/* Sites only
(DOM-based) monolith solution page
Dynamic Content Handling Fully supports dynamic changes Tracks DOM changes Assumes no structural Limited to specific contexts
changes and integrated with SR-

Research WebLink

AOI Definition Automatic via DOM descriptors

Manual (CSS selectors)

Image-based AOIs Predefined for Al features

Real-Time Processing Yes Yes

No (post hoc) Yes

Integration Scope IDE + browser + text editors Browser-only

Browser-only Browser-only

Extensibility Modular via content scripts

Limited / tightly coupled

Limited Narrow (Al-specific),Tied to

vendor software and tracker.

Multiple tracker support (Tobii,
SmartEye, GazePoint)

Hardware Support

Limited (e.g., Tobii Fusion)

Tied to SR Research EyeLink
Portable Duo eye tracker

Depends on input data

Scalability Incremental via page scripts

General but less customizable

Limited by assumptions Narrow domain scalability

Use Case Focus Realistic developer workflows

General web tracking

Scrollable page analysis Al code suggestion studies

scripts for each page. In this example, we see the automatically
detected areas of interest for Question Title, Question Vote,
Question Code, Question Text, and Question Image. The
generated XML file includes unique tags for each of these
areas, which can later be analyzed by researchers. One point
to note is that these bounding boxes are calculated in real-time
and do not need to be determined a priori.
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Fig. 3: Areas of interest for Stack Overflow Title, Vote, Code,
Text, Image as identified by Stack Overflow Content Script
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D. Extending iTrace-Chrome

iTrace-Chrome’s data processing flow is summarized in
Figure 1. iTrace-Chrome is extensible, allowing the support
for additional websites beyond the ones listed previously.
Extending iTrace-Chrome to support a new web-page involves
creating a content script. Content scripts follow a set pattern
that must have their areas of interest specifically tailored to
a page. Areas of interest are defined by first identifying the

HTML element structure of a target page feature and adding
that specific structure as an area of interest in the content
script. The element’s structure includes the element’s id, class,
and/or tag name. After the content script contains all the
desired areas of interest, it is added to the extension’s manifest
file’s content script section and the webSocketHandler
function inside the service worker. This function is responsible
for determining which content scripts are communicated with
during eye-tracking. Completing these steps results in a new
content script ready to be injected into web pages.

E. Processing Eye-Tracking Data for Analysis

The two XML files (one from iTrace-Core and the other
from iTrace-Chrome) are joined on the Event ID’s where the
eye-tracking specific data is combined with specific word/item
looked at on web pages. After this step, fixation event detection
algorithms are applied to the data to identify fixations and
saccades. iTrace-Toolkit [19] has the I-DT and I-VT fixation
detection algorithms [21] implemented for IDE-based plugins.
At the time of this writing, iTrace-Toolkit does not load
Chrome data for AOI-aware fixation detection. We processed
the data in Python and R for prior studies conducted using
Chrome. As part of future work, this feature will be added to
Toolkit. The two XML output files contain all the necessary
information to generate fixations and other higher-order eye-
tracking metrics [22] such as linearity metrics, regressions,
saccade length, and various derived measures [23], [24]. These
are defined by researchers based the study’s research questions.

IV. USAGE SCENARIOS

We describe two representative studies that use iTrace-
Chrome to investigate developer behavior on software repos-
itory platforms. An (older) example of a study where devel-
opers used both a browser and IDE plugin simultaneously is
presented by Saddler et al. [25]. A comprehensive evaluation
for accuracy and performance including synchronization over-
head on iTrace’s plugins can be found in [26].

A. Studying Developer Decisions on GitHub

Wiese et al. conducted a pilot study that looks at what
pieces of information developers use to prioritize what issues



and pull requests to work on, what information is used to
assess a potential pull request, and what characteristics of a
profile have a higher likelihood of getting their pull request
accepted [17]. Using iTrace-Chrome to collect eye-tracking
data, their results show that developers spend the most time
on the title of a pull request to rank its importance; comments
and code elements gather the most attention with up to 40% of
time spent when deciding to accept or approve pull requests,
and the contribution heat map and language of repositories
contributed to were the most important factor in judging a
GitHub profile. A replication package for this study, along
with all post-processing scripts for Chrome data, is available
at https://doi.org/10.5281/zenodo.6402728.

B. Studying GitHub Conversations on Pull Requests for Sen-
timent Analysis

In addition to the general comment and code elements
as AOIs, iTrace-Chrome can also investigate time spent on
smaller sub-elements within an element. Park et al. conducted
a study using iTrace-Chrome that examines conversations
on GitHub pull requests to understand the effect of using
emojis [18]. They compared the results of each conversation
run through several sentiment analysis tools against human
participants and what elements of the pull request page devel-
opers give their most attention. Their results show that while
participants only rate 5% of pull requests as having negative
sentiment, sentiment analysis tools rate more pull requests as
negative, with up to 71% of pull requests rated as negative
by Stanford CoreNLP, a tool that neither takes emoji into
account nor is trained in the domain of software engineering.
In addition, eye-tracking data shows that far more attention
is given to emojis than plain text, suggesting that emojis
influence the perceived sentiment in developer communication.
We refer the reader to the replication package for this study
at https://doi.org/10.5281/zenodo.4602631.

V. DISCUSSION AND IMPACT

Eye tracking plays a key role in studying how developers
interact with code and its related artifacts. iTrace® is currently
the only eye-tracking infrastructure that provides a scalable
Chrome extension designed to incorporate additional websites.
iTrace-Chrome advances the current state of the art of col-
lecting eye tracking data on the web. It has been assessed in
realistic studies and has shown clear tangible results.

iTrace-Chrome is not limited to fixed-size stimuli; instead,
it overcomes this limitation by operating directly on the
website’s underlying structure (Document Object Model). This
does not mean that studies must rely on scrolling; rather,
it introduces greater flexibility as a methodological choice,
allowing researchers to explore a broader range of options
and experimental designs. iTrace-Chrome collects and records
data in real time and, by using element descriptors to define
Areas of Interest (AOIs), can precisely determine when a user
is viewing an AOI on a dynamic webpage.

Shttps://www.i-trace.org

If a study is conducted on a live site such as an ac-
tive GitHub repository or StackOverflow, iTrace-Chrome will
record what the site displays dynamically, since iTrace does
not use static caches of webpages; unlike other vendor-specific
(iMotions or Tobii Pro Lab) and research eye tracking tools
[11]. While in Chrome, users can open and switch between
multiple tabs; iTrace-Chrome will record data on each tab
seamlessly. During a session, a user can open a new tab and
navigate to a page that has an associated content script and
the page will track the user’s gaze.

An additional advantage of integrating iTrace-Chrome into
the iTrace infrastructure is that it enables researchers and prac-
titioners to study both code and web-based artifacts [25] within
a single unified environment. iTrace supports simultaneous
connections with tools such as Eclipse, Visual Studio, Jet-
Brains IDEs, Atom, Sublime, Notepad++, and now, Chrome.
This allows researchers to observe scenarios where a devel-
oper, for example, works in Visual Studio while concurrently
reading documentation in Notepad and browsing web-based
resources, like GitHub, in Chrome. Throughout this process,
iTrace seamlessly captures events, timing, and plugin-level
data across all platforms. Additionally, iTrace-ScreenRecord
allows for recording the screen during studies.

Since each website is structured differently, it is impossible
to track every website element natively. Hence, each web-
site/application requires the development of custom scripts.
Creating such scripts is relatively simple, as described pre-
viously in Section III-D. Each supported webpage presents
an opportunity to develop a tailored content script—while
this introduces some setup effort, it enables more precise
customization and scalability as the system evolves. It should
be noted that content scripts will need to be udpated when
websites change their DOM structure. Finally, even though
iTrace-Chrome content scripts are for software engineering
related artifact sites, this method is extensible to support other
general-purpose artifacts as well.

VI. CONCLUSIONS AND FUTURE WORK

iTrace-Chrome’s main differentiator is its DOM-driven,
real-time, multi-platform integration, enabling ecologically
valid studies of developer behavior across both code and web
artifacts; something that traditional and existing browser-based
tools struggle to support simultaneously. The architecture is
described along with how researchers can extend it to fit
other web applications. Feasibility of use was shown in two
studies that have used the plugin towards a functional goal. As
part of future work, we plan on extending this functionality
to other popular browsers such as Firefox and incorporating
other sites such as Reddit, where developers might spend time
discussing issues. Additionally, while iTrace-Chrome supports
extension through custom content scripts, we aim to broaden
the web pages that iTrace-Chrome supports by default. Of
particular interest are LLM services like CoPilot and Gemini,
as developers are using LLMs more in their workflow.
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