
Conducting Eye Tracking Studies in Software
Engineering - Methodology and Pipeline

Bonita Sharif
School of Computing

University of Nebraska - Lincoln
Lincoln, NE USA

bsharif@unl.edu

Andrew Begel
Software and Societal Systems Department

Carnegie Mellon University
Pittsburg, PA USA

abegel@cmu.edu

Jonathan I. Maletic
Department of Computer Science

Kent State University
Kent, OH USA

jmaletic@kent.edu

Abstract—This ICSE 2023 technical briefing is on state-of-
the-art techniques to conduct eye tracking studies in software
engineering. It is organized as a hands-on 180-minute briefing
broken up into two 85-minute modules with a short break in
between. The first module will teach participants the terminology
and theories needed to understand eye tracking. The second will
engage participants in hands-on groupwork to collect and analyze
eye tracking data through a software pipeline. Our goal is to
help participants one-on-one learn how to get starting using eye
tracking to support their own research goals. Our team has been
working with eye tracking for over 15 years. The briefing will be
targeted towards researchers, practitioners, and educators. Our
eye tracking software infrastructure, iTrace, will be demonstrated
in person with several state-of-the-art eye trackers. Eye tracking
is gaining a lot of traction in the community. We want to use
the ICSE platform to communicate the current state-of-the-art
(including limitations and workarounds) in a highly interactive
setting starting from the theory, data collection, and processing
pipeline. Sample data and scripts will be made available.

Index Terms—eye-tracking, empirical studies, program com-
prehension

I. INTRODUCTION AND RELEVANCE

Eye trackers are used by software engineering researchers
to study how developers read and comprehend code. Research
on mental models of program comprehension dates back to
the 1980s [1]–[6]. Prior to the popularization of eye tracking,
researchers used think-aloud, pre/post surveys, and interviews
to collect data for studies. Since the cost of eye trackers has
been dropping recently, many more researchers are taking
advantage of eye tracking technology to study how people
read source code [7]. Eye trackers are a vital research tool to
really understand how developers read and comprehend visual
stimuli [8], especially source code.

Accurate research-grade eye trackers operate only on fixed
stimuli (i.e., an image or text) that fits on a single screen.
Changes to the stimuli (e.g., a code editor) caused by scrolling
or switching to another file are difficult to handle. Mapping
eye positions (x, y) to their correct location in a stimulus
(e.g., a 2,000-line source code file) is not simple. Fortunately,
we have developed the iTrace infrastructure to deal with this
problem [9]–[12]. iTrace (www.i-trace.org) allows a software
engineering researcher to conduct eye tracking studies directly
in an integrated development environment (IDE) such as
Atom, Visual Studio or Eclipse. It supports the eye tracking in

the presence of scrolling and context switching. iTrace links
to the IDE via a plugin architecture and invokes application
and system calls to map screen x/y-coordinates to lines and
columns in the editor window in real time. Afterwards, the
lines and columns are mapped to source code tokens. It
has been shown in prior work that eye tracking studies on
short code snippets [13] are not comparable to studies of
real open-source systems [14]. It is crucial to ensure we are
able to conduct studies as close as possible to the real work
environment of developers in the field to keep our external
validity high. iTrace recently added support for high-speed
trackers for more advanced analysis [15].

iTrace is relevant to a broad range of stakeholders, in-
cluding researchers, educators, and practitioners. Researchers
can study developers in a real-world environment using large
realistic software systems. Industry practitioners can use it
to observe their work practice and monitor improvements.
Educators can gain insights into how students read and debug
code to better teach novices to program.

In this technical briefing, we give an overview of eye
tracking and show researchers how to conduct their own eye
tracking studies in software engineering. We present practical
guidelines through hands-on activities. We strongly believe
that interdisciplinary technical briefings such as this help
researchers from other fields become more knowledgeable
about cutting-edge research, which in turn help educate and
advance our discipline.

II. ITRACE – COMMMUNITY EYE TRACKING
INFRASTRUCTURE

iTrace is an eye tracking infrastructure [10], [15] package
that enables research studies within multiple types of soft-
ware development environments. It was designed and built
to support the software engineering community in conducting
eye tracking experiments seamlessly within realistic developer
environments i.e., IDEs. Its design is modular and features
three key components: iTrace Core, iTrace Plugins, and an
offline post-processing application for gaze analysis called
iTrace Toolkit. iTrace Core offers a unified interface for
managing supported eye tracking devices. All data generated
by the eye trackers is first received by iTrace Core, which then
makes quick decisions based on validity indicators whether
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the data is acceptable for use by other iTrace infrastructure
applications (plugins). iTrace Core also provides socket and
websocket servers to enable iTrace plugins to receive gaze
data for additional processing.

III. TARGET AUDIENCE AND ATTENDEE BACKGROUND

Our target audience is the software engineering researcher,
practitioner, and educator who is interested to understand
how eye tracking works for software engineering studies. The
typical attendee would be interested in how they could use
eye tracking for their own purposes. This could also attract
industry professionals interested in understanding how their
developers actually use the IDE. No prior knowledge of eye
tracking is required. Some knowledge of conducting empirical
studies with people is a plus, but not required.

IV. TECHNICAL BRIEFING FORMAT AND OUTLINE

The briefing is a hands-on, tool-supported session on how
to conduct eye tracking studies in software engineering. We
will cover both the methodology and the pipeline from start
to finish. It will be held for 180 minutes in two modules of
85-minute sessions with a short break in between. The first
module will teach theory and methods. The second will consist
of two, hands-on exercises. The first exercise will collect eye
tracking data for a sample study. The second will demonstrate
how to process that data for further analysis. Several portable
eye trackers will be available to illustrate how iTrace works.
An outline for each of the sessions is shown in Table I.

TABLE I
SESSION OUTLINE

Module 1 - 85 minutes
Time Topics Covered

10 mins Introduction to eye tracking, terminology,
and current limitations

20 mins Attention, mental models, cognitive load
and borrrowing from psychology

10 mins Introduction to iTrace
15 mins Equipment, Areas of Interest,

Eye tracking Metrics, and Fixation Detection
15 mins Studies Using iTrace
10 mins Practical Guidelines
5 mins Q&A

Module 2 - 85 minutes
Time Topics Covered

30 mins Exercise 1 (data collection on
a sample Java open source application)

30 mins Exercise 2 (processing of data collected from
Exercise 1 individually and/or in groups)

15 mins Hands-on live demo on a separate station to try
other plugins.

10 mins Wrap-up and Conclusion
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