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Abstract
Knowing how humans distribute their visual attention while interacting with user interfaces is
very important for interface designers and usability analysts. Eye-tracking can provide answers to this question. But while eye-tracking as a method is not new anymore, it is still hard
to apply to real-word dynamic scenarios, the main hindrance being the complexity of the
analysis. We present a tool that eases this situation for dynamic HTML applications by
providing a mapping of gaze coordinates to HTML elements.

Introduction and Related Work
During the last decade, eye-tracking has become a commonplace method. Eye-tracking devices are now inexpensive enough to be introduced into the consumer market (e.g., Steelseries
Sentry eye-tracker for computer gaming, Pupil Labs open source eye-tracker). While today's
eye-tracking hardware is relatively easy to use, the analysis of the data created by it remains
complicated. One major problem is the definition of areas of interest (AOI) in the visual scene
that are a necessary prerequisite of most analyses. The AOIs have to be created by the researcher or analyst. Even for a static visual scene, this can be a time consuming task. Things
get more complicated for scenes that change over time, as these need dynamic AOIs that appear, move, or disappear as the visual scene evolves.
When applying eye-tracking as part of usability evaluations, it is desirable that the participants can interact with the user interface (UI) under analysis as freely and naturally as possible. This leads to unique interaction paths for each participant and in consequence to a unique
sequence of dynamic AOIs per participant. How can these be managed?
If the setting is under complete control of the researcher, dynamic AOIs can be created using special tools; most other cases require post-experimental annotation of the observed material on a frame-by-frame basis for every single participant (Jacob & Karn, 2003). Existing
tools for dynamic AOIs use game engines (Nacke et al., 2011), movies with fixed timing (Papenmeier & Huff, 2010), or computer vision (De Beugher et al., 2014). Common to all of
these tools is that they depend on the timing and interaction flow being controlled by the experimenter.
Because of this, these approaches are not applicable when we want to apply eye-tracking
during user interaction with dynamic HTML applications. We are especially interested in this
type of UIs as they become more and more popular with the raise of mobile devices. Eyetracking has been applied while users were surfing the web before (e.g., WebEyeMapper,
Reeder, Pirolli & Card, 2001; Buscher, Cutrell & Morris, 2009), but these examples are either
bound to specific web browser applications or eye-tracking hardware and both do not supply
the necessary software tools. Instead, we are proposing a new technical solution that maps the
recorded user gaze to an element of the UI while the interaction is happening.
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Eye-Tracking of Dynamic HTML-based User Interfaces
The tool presented here is based on ACT-CV, a toolbox that provides the “glue” between
graphical user interfaces and a cognitive architecture in the cognitive modeling domain
(Halbrügge 2013, 2015). ACT-CV uses Mozilla’s XUL framework for the display of HTML5
content. XUL allows to interact with unchanged web content by the means of an additional
ECMAScript layer. ACT-CV then translates the graphical objects into a symbolic representation that is suitable for the Lisp-based cognitive architecture ACT-R.
How can we leverage these capabilities for eye-tracking analysis? As ACT-CV already
holds a representation of the visual scene, this representation can be used to map gaze positions to the HTML elements they point to. Due to the hierarchical nature of HTML, this mapping is often not unique. A screen position inside a button on the screen could at the same
time be inside a form element which is the button’s parent. Ambiguities like this one are resolved by the tool by a) preferring elements that support interaction (e.g., a button instead of a
table element), and b) preferring elements that are lower in the hierarchy (e.g., a table cell
instead of the complete table).
Following this path, we implemented a direct connection between a web browser and an
SR Research Ltd EyeLink II eye-tracker. During the users’ interaction with a dynamic web
application, the position of the pupils, the corresponding gaze coordinates on the computer
screen, and the graphical element underneath are recorded. Using this approach, many important indicators, e.g., time on target, can be examined right away. Fixation detection algorithms can be applied as well, but should be chosen carefully (Salvucci & Goldberg, 2000).

Conclusions
Eye-Tracking is used in many scientific and applied domains. Due to the complexity and
sheer amount of data created by this method, the analysis is often limited to gaze heat map
overlays on static visual scenes like photographs or screenshots. The potential of eye-tracking
for interactive content has not yet been fully exploited, mainly because of technical difficulties. This paper presents a tool that allows easy eye-tracking analyses of dynamic web content
by mapping the calculated gaze position to its corresponding HTML element.
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