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[Abstract]

This study proposed a Unity-based framework for extended reality (XR) content usability evaluation using gaze data from an
eye tracker embedded in a head-mounted display. Eye tracking objectively captures users’ visual explorations; however,
interpreting the resulting data requires expertise, limiting its direct use by content developers. Our proposed framework converts
gaze directions into Unity world coordinates and renders them as real-time gaze rays via a line renderer. To avoid influencing the
participants, the evaluation videos were recorded using a separate camera synchronized with the user camera. The framework was
first applied to eight XR applications and gaze-overlaid videos from ten users were reviewed to identify examples of
content-usability problems. Subsequently, fourteen experts reviewed the application results and assessed the perceived applicability
of the framework. The simple arithmetic mean of the four items—usefulness, method appropriateness, scope expansion, and
quality-improvement potential—averaged 4.91 out of 5. The findings suggested that the framework could complement
questionnaire-based usability evaluation during XR content development.
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Table 1. Major eye-tracking analysis units and visualization methods used in XR environments

Method

Core Concept and Main Outputs

Role in XR Usability Evaluation

Gaze Point / Gaze Ray

direction.

A gaze point represents the location viewed by the
user at a specific moment, whereas a gaze ray is a
virtual line defined by the gaze origin and gaze

Enables real-time identification of the direction or
location at which the user is looking in a virtual
environment.

Fixation / Fixation Map

to first fixation.

A fixation refers to a period during which the gaze
remains within a limited spatial area for a specified | Supports the evaluation of information or object
duration. Typical measures include fixation
location, fixation count, fixation duration, and time | time, and visual search difficulty.

discoverability, repeated viewing, visual processing

Scanpath

A scanpath represents the temporal sequence of
fixations connected by saccadic eye movements.

Reveals the sequence of visual information processing,
task progression, regressions, and potentially inefficient
visual search behavior.

Gaze Trail / Gaze Replay

as an animation or video overlay.

A gaze trail visualizes continuous gaze points or
gaze rays over a specified period, while gaze
replay reproduces gaze behavior over time, often

Allows evaluators to intuitively review how a user visually
explored XR content over time.

A heatmap spatially aggregates gaze points,

Identifies areas that received concentrated visual

Heatmap fixations, or viewing duration and represents gaze } )
) ; X X ) attention and areas that were rarely or never viewed.
density using a visual intensity scale.
Gaze data are mapped to predefined Areas of
Interest (AQIls) or virtual objects to calculate Supports comparisons of whether users discovered and
AQI Analysis measures such as total viewing duration, hit ratio, | viewed key information, interface elements, or

regions or objects.

time to first fixation, and transitions between

interactive objects.
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Table 2. Requirements of the proposed framework

Requirement

Description

Eye-Tracker Initialization

The framework shall verify the activation and operating status of the HMD eye tracker and the
SRanipal Eye Framework before initiating gaze visualization.

Eye-Tracking Data Acquisition
fallback input.

The framework shall acquire combined—eye gaze data using Gazelndex. COMBINE as the primary
input. When combined—eye data are unavailable, left— or right—eye gaze data shall be used as

Eye-Tracking Data Validation

The framework shall validate the acquired gaze data and exclude invalid or unavailable gaze
samples from the visualization process.

Gaze—Ray Transformation

The framework shall transform the local gaze direction provided by the eye—tracking SDK into a
Unity world—space direction using the Transform information of the user camera.

Gaze—Ray Visualization Unity Line Renderer.

The framework shall visualize the transformed gaze direction as a real—time gaze ray using a

Gaze-Visualization Masking

The framework shall exclude the gaze—visualization layer from the user camera’s Culling Mask so
that the gaze ray is not displayed in the participant’s HMD view.

Camera Synchronization and Isolation

The recording camera shall continuously maintain the same position and rotation as the user
camera during XR content execution. The Line Renderer shall be assigned to a dedicated
gaze-visualization layer, and the camera Culling Masks shall be configured so that the layer is
rendered only by the recording camera.

Gaze—Visualization Recording
ray.

The framework shall use the Movie Recorder provided by the Unity Recorder package to record
the output of the recording camera, including both the XR content scene and the overlaid gaze

Prefab Modularization

Eye—tracker integration, gaze—data processing, gaze—ray visualization, camera synchronization,
and video—-recording functions shall be packaged as reusable Unity prefabs.
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Fig. 2. Implementation results of the proposed framework
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Fig. 3. Examples of usability problems identified through the
application of the proposed framework
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Table 3. Characteristics of expert respondents
Variable Category Frequency
Gender Male 19
Female 1
Information Technology 8
Content 2
Field of Expertise Convergence 2
Manufacturing 0
Other 2
5 years or less 2
6-10 years 3
Professional Experience 11-15 years 1
16-20 years 1
21 years or more 7
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Table 4. Results of the expert survey

ltem Mean SD
Q1. Practical Usefulness 4.93 0.27
Q2. Appropriateness of the Evaluation Method 4.86 0.36
Q8. Need to Expand the Evaluation Scope 4.93 0.27
Q4. Potential Contribution to Quality 493 0.27
Improvement
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