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Gaze and freehand gestures suit Augmented Reality as users can interact with objects at a distance without
need for a separate input device. We propose Gaze-Hand Alignment as a novel multimodal selection principle,
defined by concurrent use of both gaze and hand for pointing and alignment of their input on an object
as selection trigger. Gaze naturally precedes manual action and is leveraged for pre-selection, and manual
crossing of a pre-selected target completes the selection. We demonstrate the principle in two novel techniques,
Gaze&Finger for input by direct alignment of hand and finger raised into the line of sight, and Gaze&Hand for
input by indirect alignment of a cursor with relative hand movement. In a menu selection experiment, we
evaluate the techniques in comparison with Gaze&Pinch and a hands-only baseline. The study showed the
gaze-assisted techniques to outperform hands-only input, and gives insight into trade-offs in combining gaze
with direct or indirect, and spatial or semantic freehand gestures.
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1 INTRODUCTION

Gaze and freehand gestures are attractive input modalities as they enable users to interact directly
with their environment through movements of their eyes and hands. Users are not reliant on
any input device, can avoid physical contact where this is inconvenient or undesirable, and are
empowered to interact beyond reach. With these properties, gaze and gestures are well suited to
complement Augmented Reality (AR) and interactions that are situated in the world [9]. Current
trends in AR technology reflect this with the integration of both hand- and eye-tracking in head-
worn display (HMD) devices. However, the design of input techniques that rely on gaze and freehand
gestures is challenging, as it requires robust segmentation of input from the continuous movement
of the user’s eyes and hands.

In this work, we consider the combination of gaze and freehand input for pointing and menu
selection at a distance. Either modality can be used by itself for pointing at objects, but a separate
confirmatory action is required to complete a selection and avoid “Midas Touch” input [11]. In
menus specifically, users need to be able to inspect and traverse objects with their pointer without
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Fig. 1. Gaze&Finger and Gaze&Hand are novel techniques for menu selection based on Gaze-Hand Alignment.
With Gaze&Finger, both menu activation and item selection is by alignment of a finger in the line of sight to
the target (a). With Gaze&Hand, the activation step is by dwell time to instantiate a hand-controlled cursor,
followed by alignment of gaze and cursor for item selection (b). In an evaluation, we compare both techniques
against baselines of Gaze&Pinch (c), and Point&Pinch (d).

triggering input, prior to finalising their selection. For gaze-only input, it is common to use dwell
time to confirm a selection, requiring the user to maintain a gaze fixation on the target for a longer
duration to signal their intent [23]. In gestural interfaces, manual pointing is completed by a distinct
gesture such as a tap on a surface, or a pinch in mid-air [5]. Where both modalities are available,
gaze lends itself better for the initial pointing step, as our eyes naturally focus on objects that
we aim to manipulate, whereas our hands are more effective for deliberate input to complete a
selection [30]. In past work, this has been demonstrated by combining gaze pointing for instance
with mouse click [55], key press [11] or touch [46], and in recent work by combining gaze with
pinch as the delimiting mid-air gesture [6, 33]. Gaze&Pinch is also supported by emerging AR
headsets (such as the HoloLens 2) as state of the art gaze-based selection technique.

We propose Gaze-Hand Alignment as a principle for gaze and freehand input. In contrast to
Gaze&Pinch and comparable techniques, we are using both modalities for pointing, and alignment
of their input as selection trigger. The key idea is to leverage that the eyes naturally look ahead to
a pointing target, followed by the hands [55]. This enables us to use gaze for pre-selection, and
manual crossing of a pre-selected target to trigger a selection as soon as the hand catches up with
the eyes and aligns with gaze. We introduce Gaze&Finger and Gaze&Hand as novel techniques
for AR context menus based on the concept. Gaze&Finger (shown in Fig. 1a) combines gaze with
perspective-based manual pointing where a ray is cast from the eye position over the user’s index
finger. A user looks at targets of interest and completes selection by lifting their finger into the line
of sight. We use the same principle to invoke a menu and to select from it. The menu is warped
to the user’s hand to avoid parallax issues and scaled to target distance to support an illusion
of direct touch. Gaze&Hand (Fig. 1b) combines gaze with indirect manual input to reduce effort
and arm fatigue. The technique uses dwell time for menu activation and instantiation of a cursor,
and alignment of cursor and gaze for selection from the menu. Both techniques have in common
with Gaze&Pinch (Fig. 1c) that initial selection is by gaze and confirmation by manual gesture,
but alignment is spatial and implicitly guided by gaze, whereas a pinch is semantic and requires
separate attention to gaze.

A number of studies have found the combination of gaze and hand-based input to outper-
form selection by the hands alone, but these were based on manual input mediated by physical
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controls [15, 56]. We contribute a study in which we compare Gaze&Finger, Gaze&Hand, and
Gaze&Pinch with Point&Pinch (Fig. 1d), a hands-only baseline where a pointing ray cast from the
hand is combined with pinch as selection trigger. The four techniques were evaluated on a task
designed to represent contextual AR menus. Figure 1 illustrates the techniques for the two steps of
activating a menu on a target object and selecting an item from the menu. The task was chosen
as Gaze&Hand requires an initial step to instantiate a cursor whereas the other techniques are
symmetric in using the same selection principle for both steps. We found that all three gaze-based
techniques outperformed the manual condition. Gaze&Pinch was fastest for menu activation and
Gaze&Finger most efficient for item selection. Gaze&Hand was perceived to be least physically de-
manding but had the highest error rate. While providing evidence of the efficacy of gaze-assistance
for mid-air interaction, the study also contributes insight into trade-offs in the design of selection
techniques, specifically spatial versus semantic and direct versus indirect use of gestures.
In sum, the novel contributions of this work are:

e the concept of Gaze-Hand Alignment for pointing and selection at a distance in freehand
interfaces

o the Gaze&Finger and Gaze&Hand techniques, demonstrating the concept for menu selection
in AR

e evidence of the efficacy of gaze-assisted techniques in conjunction with mid-air input

e insight into design trade-offs in the combination of gaze with freehand gestures for pointing
and selection

2 RELATED WORK

Gaze and mid-air gestures have long been studied for interaction at a distance in real, virtual, and
mixed realities. We are building on insights from work that has considered the modalities separately
and in combination, and from work on eye-hand coordination and alignment of input with different
modalities.

2.1 Pointing in Gaze and Mid-Air Interfaces

Gaze corresponds to the user’s focus of attention which makes it natural and fast for pointing
at objects of interest [4]. A wide range of work has harnessed gaze for implicit interaction, for
example, to render interfaces attentive to the user [49] and adapt information displays [29]. Gaze
has also been adopted for explicit input, based on interaction techniques that extend gaze pointing
with a selection method equivalent to a mouse “click”. Gaze-only selection methods require the
user to deviate from natural gaze behaviour to signal their intent and avoid Midas Touch, for
example by using dwell time on a target [11, 52], or by saccading from the target to a confirmation
button [22, 27]. Although successful for accessibility, such techniques are commonly experienced as
uncomfortable and error-prone, in comparison with manual input [34, 56]. The idea of Gaze-Hand
Alignment is to take advantage of both modalities in tandem, and to make more natural use of gaze
as a modality that implicitly guides manual pointing.

Freehand gestures, also referred to as mid-air gestures, afford more deliberate control than gaze.
The hands are also more expressive, for pointing as well as semantic input [6, 33]. For remote
control, gesture interfaces tend to either employ pointing with cursor feedback [50], or a library of
predefined gestures for direct selection of commands [48]. In 3D user interfaces, freehand input can
be based on a Virtual Hand metaphor for direct interaction, or a Virtual Pointer for interaction at a
distance with a ray cast from the user’s hand [38]. With the hands in mid-air, pointing is intuitive
but there is no obvious “click method” for selection [50]. One approach is to virtually extend the
reach of the hand for direct selection with non-linear input mappings (8, 37]. More commonly,

PACM on Human-Computer Interaction, Vol. 6, No. ETRA, Article 145. Publication date: May 2022.



145:4 Lystbeek et al.

pointing gestures are combined with a delimiting gesture, for example, a pinch as employed
with current AR devices (Microsoft HoloLerRoint-and-Commit Oculus QuesPoint and PinchR).

In this work, we compare multimodal eye- and hand-based techniques against Point&Pinch as a
hands-only baseline.

Freehand pointing is commonly based on raycasting from the hand. As an alternative, perspective-
based pointing is based on projecting a ray from the position of the user's eye over a pointin a
space that the user controls, such as the tip of a ngér 1g. The technique has been widely
explored in virtual reality (VR) and is similar to direct input, as input and feedback coincide in the
user's visual spacelfj. Perspective-based pointing is therefore also associated with occlusion of
targets as the selection mechanist 7). However, even though the pointing ray is projected
from the eye, itis solely based on manual input and prone to Midas Touch. Prior work has proposed
to address this with direct manipulation in the image plane, for example by pinching the image
of an object as it appears between nger and thumb in order to select it [36]. In Gaze&Finger, we
instead combine perspective-based pointing with actual tracking of gaze, casting two independent
rays that coincide when the user aligns their nger in the line of sight to an object.

2.2 Eye-Hand Coordination and Combination of Gaze and Gestures

Gaze is involved in the planning of hand movements by xating relevant landmarks of a target
before its manual acquisitionl2 16 43 53. That gaze precedes action has been employed in a
range of multimodal techniques. In the MAGIC technique, a mouse pointer is warped toward the
gaze position to move it closer to an anticipated targbf]. In Gaze-touch and Gaze-shifting, touch
input is dynamically shifted to where the user looks, to e ectively extend the reach of manual
input [30 37. In Gaze-Hand Alignment, we exploit the natural coordination of eye and hand in a
novel way. Even though gaze is used for pre-selection in our technigues, users need not consider
this as an explicit step to complete prior to alignment of manual input. Rather, users are free to
explore potential targets with their gaze, and will implicitly gaze at the intended target once they
decide on a selection, in order to guide the manual input to visually align with the target. In the
process, the manual pointer can traverse other objects without Midas Touch e ect and a selection
can be triggered instantly when the manual pointer crosses onto a target that is pre-selected by
gaze.

Existing techniques that combine input from eyes and hand are characterised by a division of
labour and separate metaphors for the actions performed with either modality, using the eyes to
point, and the hand talick, tap or pinch[28 30, 33 40 56. Some techniques have in common with
ours that they use both gaze and hand for pointing input, however with the latter for a separate
concurrent task such as rotate and scad&][or a subsequent task of re ning the gaze position
which still requires a further action to trigger selectior§][15. Closer to our work is the idea of
using gaze to delimit raycast input such that it only triggers input when it is within a prede ned
gaze range [39]. In Gaze-Hand Alignment, gaze and hand act as mutual delimiters so that neither
triggers input unless they become spatially aligned in pointing at the same object. Other work
has explored the idea of mutually delimited input by eye and hand based on temporal alignment,
speci cally of blink and touch events [51].

Most existing techniques rely on input devices for manual input, but gaze has also been combined
with mid-air gestures and speci cally pinchg, 33. A recent study compared mid-air pinch, dwell
time and button click for con rming gaze input, and found the combination of gaze and pinch to be

Lhttps://docs.microsoft.com/en-us/windows/mixed-reality/design/point-and-commit - accessed 2nd of September 2021.
2https://support.oculus.com/articles/headsets-and-accessories/controllers-and- hand-tracking/hand-tracking-
gestures/?locale=en_US - accessed 2nd of September 2021.
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faster than gaze-only inputqg. Gaze&Pinch thus constitutes a suitable baseline for comparison
with our alignment-based techniques.

2.3 Alignment of Input from Separate Pointing Modalities

A number of other techniques are based on input from two separate pointing modalities and
concepts of alignment. Toolglass and magic lenses are based on the alignment of see-through tools
and objects in the user interface, where tool alignment can be performed by one hand while the
other hand is used for pointing and selection through the to8].[EyeSeeThrough is an adaptation

of the Toolglass concept for 3D user interfaces and involves alignment of a menu in the line of
sight to the target object, either by hand or head moveme®d][ In these techniques, pointing
modalities are mapped to separate tasks in the interface, whereas our techniques employ gaze and
hand in natural coordination on the shared task of selecting an object.

Gaze naturally involves head movement in conjunction with eye movement, in particular for
interaction over wider elds of view such as in AR and VR], but recent work has also considered
gaze and head pose as separate inputs that can be combined for pointing and seld&idg 4.

Two techniques in particular have inspired our work. In Eye&Head Convergence, a gaze selection
becomes con rmed by moving the head pointer into a focal zone around the gaze point, based on
the observation that gaze and head rays do not normally align during visual exploration of potential
targets. We found the idea transferable to eye and hand interfaces, as we are not normally looking
at our hands during visual exploration, but naturally do so when we manipulate a targét [n
Look&Cross, eye and head are aligned for selection in a radial méaju As in Look&Cross we

are adopting gaze for pre-selection in menus, but we use manual target crossing for con rmation
instead of crossing by head pointer. The key di erence in using the hand instead of the head is that
eye and hand naturally align for positioning a nger or a cursor on a target, whereas head-based
alignment requires the user to override the natural behaviour of orienting the head no further
toward a target than necessary for maintaining a comfortable eye-in-head position [41].

3 DESIGN OF GAZE-HAND ALIGNMENT INTERACTION TECHNIQUES

We propose Gaze-Hand Alignment as a general principle for taking advantage of the natural
coordination of eye and hand in the selection of input. The idea lends itself to the design of
techniques that follow the same principle while addressing di erent design goals. In this work,
we develop the idea speci cally for menu-based input in AR, for which we have designed two
techniques that di er in direct versus indirect use of hand input. Gaze&Finger is designed for direct
touch in the image plane, appealing to familiarity with mobile touch input. Gaze&Hand is designed
for indirect input with less physical e ort, building on relative hand input as familiar from use of a
computer mouse.

3.1 Gaze&Finger

The Gaze&Finger technique uses eye-tracking to determine a gaze vector into the Field Of View
(FOV). When the gaze vector intersects with interactive objects, the object is pre-selected and visual
feedback is provided to indicate its hover state. Simultaneously, the hand is tracked to determine
a perspective-based ray cast from the position of the eyes over the index nger into the scene.
When the ray intersects with a pre-selected object, selection is triggered. Other than in response
to the selection, no feedback is provided on the manual input, as users rely on proprioception to
guide their hand into their line of sight, and as their view over the raised index nger itself guides
accurate positioning on a target.

Figure 2 a-c illustrate the technique for selection from a context menu in AR. To open a menu on
an interactive object, in this case a smart lamp, the user needs to raise their hand into the visual
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