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Abstract—Individuals with spinal cord injuries (SCI) often
struggle to perform activities of daily living, but assistive tech-
nologies can help to overcome these challenges. Although other
assistive technologies such as prosthetics have benefitted from
haptic feedback, they have yet to be successfully integrated
into eye-gaze-controlled assistive technologies, which are widely
used by individuals with SCI. This study seeks to explore the
feasibility of head-worn haptic feedback in the control of an
assistive robotic arm via eye-gaze, and determine its usefulness
in improving user experience and communicating information.
To this end, 22 healthy participants controlled a robotic arm
via gaze in a modified version of the Yale-CMU-Berkeley (YCB)
Block Pick and Place Protocol between-group experiment under
with and without feedback conditions. Statistically significant
improvements were found for recognition of grasp by the user
(p-value of 0.004 < 0.05), highlighting the potential of haptic
feedback to enhance operational effectiveness. A localisation
experiment with 11 healthy participants evaluated their ability to
identify the location of the rumble, individually or in combina-
tion, accurately. The results confirmed effective motor activation
detection, reinforcing the utility of haptic feedback in increasing
spatial and operational awareness. Thus, this study shows how
haptic feedback can communicate properties applied only to the
head.

I. INTRODUCTION

Spinal Cord Injuries (SCI) affect 15.4 million people world-
wide [1], leading to various levels of disability. One of the
most severe forms is Cervical SCI, which results in the
individual losing motor and sensory functionality in all of
their limbs [2], possibly leaving only the head to be able
to feel sensations. The works of Franca et al. [3] show that
the quality of life of individuals with SCI is affected, with
the dissatisfaction of completing Activities of Daily Living
(ADLs) being one of the main concerns for individuals with
SCI. Assistive technologies aimed at those with SCI look to
assist with ADLs, allowing to increase Quality of life and
reduce in caring costs. These devices can range from allowing
interaction with a computer [4], operating Internet of Things
(IOT) devices [5], and helping directly with ADLs [6]. To
allow individuals with SCI to control these devices, multiple
control schemes have been developed and written in literature,
such as oral joysticks [7], Brain-Computer-Interfaces [8], and
Eye-Gaze-Control [9]. These devices do not account for how
the user will receive information about the system without the

use of visual aids, which can cause users to feel like their
device is not their own, leading to a lack of embodiment [9].

Haptic feedback, when applied to prosthetic arms, has been
shown to allow for increased embodiment [10], alongside task
completion in terms of speed, accuracy, and confidence [11].
They have also been shown to allow for better control over
the amount of force applied during a grasp [12] [13] [14]
and other facets of device use [15]. However, each of these
devices work by attaching the haptic device to a limb, which is
not always possible with Cervical SCI. Multiple studies which
have shown that haptic feedback applied to the head helps in
a virtual environment while using Eye-Gaze technology, such
as the works of Rantala et al. [16], Kangas et al. [17], Kopsel
et al. [18] and Mutasim et al. [19]. However, to the author’s
knowledge, no literature exists showing the use of head-worn
haptics for manipulation tasks.

This study aims to explore this gap by validating whether
participants can localize the feedback applied to head with
different motor-activation combinations, and then the effect it
has on grasp recognition with an Eye-Gaze-Controlled robotic
arm. To achieve this, we expanded the functionality of an
existing gaze-controlled system [20] to make use of a haptic
headset for grasp recognition. Participants completed the Yale-
CMU-Berkeley (YCB) Block Pick and Place Protocol [21]
and answered standardised user experience questionnaires to
quantify differences in user experience, grasp recognition, and
button activation recognition.

II. METHODOLOGY

This section introduces a haptic device, the “Haptic Head-
set”, capable of applying haptic feedback directly on the
head. Tactile patterns that could be activated based on the
user actions. Two experiments were conducted to evaluate the
device: First, we familiarised participants with the device and
validated it in an initial user study to ensure accurate haptic
localisation. A second user study evaluated the use of haptic
feedback in a Block Pick-and-Place task using a robotic arm.
Results were evaluated to support the following hypothesis;
Haptic feedback will improve grasp recognition.




