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Abstract
Wearable eye-tracking devices have rapidly evolved, providing re-
searchers with innovative ways to capture and analyze multimodal
interactions. In collaborative environments, individuals share vi-
sual attention and mental attention which affect the efficiency and
success of the collaborative task. Synchronized eye-tracking studies
can be employed during these collaborative tasks to understand
Joint Visual Attention (JVA) and Joint Mental Attention (JMA).
Here we aim to evaluate oculomotor plant features extracted from
saccadic eye movements, traditional positional gaze metrics, and
advanced eye metrics such as ambient/focal coefficient 𝜅, Index
of Pupillary Activity (IPA), Low/High Index of Pupillary Activity
(LHIPA), and Real-time Index of Pupillary Activity (RIPA) to study
the JVA and JMA between two individuals. By leveraging modern
wearable eye-tracking devices, we step beyond single-user eye-
tracking studies to monitor and assess how individuals distribute
attention, share information, and coordinate tasks in group settings.
This research aims to explore the dynamic relationships between
visual attention, mental attention, and teamwork while offering
new insights to improve more synchronized collaboration in digital
environments.

CCS Concepts
• Human-centered computing → Empirical studies in HCI.
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1 Introduction
Collaborative work often relies on effective communication and
coordination of attention between individuals. Recent advance-
ments in wearable eye-tracking technology have provided an op-
portunity to explore these mechanisms more deeply, using detailed
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eye-tracking data along with other sensory data [20]. Joint Visual
Attention (JVA) [19] and Joint Mental Attetion (JMA) [18] are two
scenarios associated with collaborative interactions in physical as
well as digital environments[7, 9].

JVA is the phenomenon in which two or more people focus their
eyes on the same object, event, or place, knowing that they are
both looking at the same target. JVA has been widely studied in
developmental psychology for language learning [2, 10] and relied
on gaze data to analyze and quantify JVA between individuals [1, 17].
Introducing the coefficient 𝜅 [15] and scan path similarity [3] will
provide a promising approach to deeply understanding JVA by
capturing both spatial and temporal alignment of eye movements
between individuals.

JMA involves two or more individuals sharing the same cogni-
tive focus, where they not only direct their attention to the same
task or object but also align their thinking, understanding, and men-
tal processes. This coordination of cognitive efforts help teams to
work together more efficiently, ensuring they are mentally synchro-
nized while engaging in tasks like problem-solving, learning, or
decision-making. The pupillary activity of human eye is considered
as an indicator for cognitive load [6, 8, 14]. Changes in pupil size,
driven by the autonomic nervous system, reflect fluctuations in
attention, processing effort, and emotional states, offering insights
into the mental alignment between individuals during collaborative
tasks [16]. Pupil diameter and pupil dilation are the commonly used
eye-tracked measures to understand the cognitive load or working
memory capacity of individuals [8, 14]. Dushowski et al. derived
two advanced eye-tracked measures IPA [6] and LHIPA [5] which
are computed using a wavelet-based method. The authors demon-
strated the sensitivity of these measures to the measurement of
cognitive load. The lack of research utilizing advanced eye move-
ment measures to understand JMA motivated us to explore this
topic further.

We hypothesize that the characteristic movements of the human
eye and advanced metrics derived from traditional measures may
be utilized to observe JVA and understand JMA in collaborative
environments. Identifying these metrics could allow systems to
respond appropriately by improving and enhancing their ability
to support more synchronized collaboration, allowing for better
communication, shared understanding, and overall task efficiency
among users.

1.1 Research Questions
We will investigate the following research questions.

(1) Canwe use ambient/focal coefficient and scan path similarity
to calculate JVA?
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(2) Can traditional positional gaze metrics and advanced eye
metrics be used to understand JMA?

(3) Can we derive an aggregate measure using advanced eye
metrics to quantify JMA?

(4) Is there a relationship between JVA and JMA in collaborative
interactions between a dyad?

2 Methodology
We plan to investigate the JVA and JMA between two individuals
working together in a collaborative physical environment using
advanced eye-movement measures. The proposed study consists
of five main steps; (1) Data collection, (2) Obtain traditional gaze
metrics and advanced pupillary activity measures, (3) Calculate
JVA, (4) Analyze JMA using advanced eye-movement metrics, and
(5) Explore the relationship between JVA and JMA between a dyad
during a collaborative task.

We will begin by preprocessing the raw eye movement data
obtained from wearable eye-tracking devices. Extracting raw data
including (𝑥,𝑦) coordinates, timestamps, and pupil diameters. Next,
we will use the Real-Time Advanced Eye Movements Analysis
Pipeline (RAEMAP) [4, 11, 13] to compute both standard gaze met-
rics and advanced eyemetrics, particularly ambient/focal coefficient
𝜅, Index of Pupillary Activity (IPA), Low/High Index of Pupillary
Activity (LHIPA). We will employ the existing methods to calculate
the JVA [17] and extend the analysis by incorporating ambient/focal
coefficient 𝜅 and analyzing the scan path similarity between the
dyads. We plan to introduce an aggregate measure for multi-user
pupillary signals which can be used as an indication of JMA by
analyzing IPA and LHIPA.

Wewill conduct comprehensive experiments to obtain eye-tracking
data from diverse collaborative tasks like collaborative visual search,
collaborative digital document reading, and annotating. We will
demonstrate the utility of advanced eye-movement measures to
understand the collaborative behavior of individuals.

Table 1: Potential eye-tracking devices for the study.

Device Supported data

PupilLabs Invisible1 Eye videos, Gaze, Fixations and saccades,
Blink rate, Scene video

Aria Glasses2 Scene video, scene images, eye gaze,
hand tracking data, audio data

2.1 Pilot study
I will conduct an evaluation study to observe the behavioral patterns
of dyads in a collaborative environment.

2.1.1 Participants. We plan to recruit 25 pairs of individuals be-
tween 18 and 40 years by conducting a visual acuity test to record
eye gaze metrics during a collaborative digital map reading task.
During the task, participants will ask to work together to find a
path between two fixed locations on a map visualized on a screen.

1https://pupil-labs.com/products/invisible
2https://www.projectaria.com/

We will plan the task with three difficulty levels (easy, medium, and
hard) to observe how the pairs work together to achieve the goal.

2.1.2 Task procedure. We will provide wearable eye-tracking de-
vices to both individuals and record eye-movement data along with
other sensory data (depending on the eye-tracker) into the devices.
Upon completion of the task, We will retrieve the data stored in
the devices and feed data to RAEMAP to obtain traditional and
advanced eye-movement metrics. We will collect the time series
data for ambient/focal coefficient 𝜅 , IPA, and LHIPA to measure the
JVA and JMA.

2.1.3 Evaluation. We will evaluate the obtained measurements for
JVA using metrics such as gaze overlap, fixation similarity, and
synchrony, and for JMA using metrics like task completion time,
turn-taking and coordination, and task accuracy.

3 Future work
We plan to extend the study to analyze the real-time JMA using
(Real Time Index of Pupillary Activity) RIPA [12]. Further, we will
incorporate multi-modal data (facial expressions, utterance, and
conversational data) in conjunction with eye-tracking data to ob-
serve how the additional data correlate with eye-movement metrics
to offer deeper insights into JVA and JMA between a dyad. We
will conduct comprehensive user studies to investigate different
behaviors of dyads and how they affect the JVA and JMA.
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