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Figure 1: Hand Interfaces allow users to imitate a wide range of objects that we perceive as AR/VR interfaces for expressive,

readily available interactions.

ABSTRACT

Augmented reality (AR) and virtual reality (VR) technologies create
exciting new opportunities for people to interact with computing
resources and information. Less exciting is the need for holding
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hand controllers, which limits applications that demand expressive,
readily available interactions. Prior research investigated freehand
AR/VR input by transforming the user’s body into an interaction
medium. In contrast to previous work that has users’ hands grasp
virtual objects, we propose a new interaction technique that lets
users’ hands become virtual objects by imitating the objects them-
selves. For example, a thumbs-up hand pose is used to mimic a
joystick. We created a wide array of interaction designs around
this idea to demonstrate its applicability in object retrieval and
interactive control tasks. Collectively, we call these interaction de-
signs Hand Interfaces. From a series of user studies comparing
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Hand Interfaces against various baseline techniques, we collected
quantitative and qualitative feedback, which indicates that Hand
Interfaces are effective, expressive, and fun to use.
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1 INTRODUCTION

AR and VR have shown great promise in education [27], accessibility
[51], and health care [18]. Paired with a rapidly growing user base,
it will likely be the next ubiquitous device (after smartphones) that
fundamentally changes human-computer interaction. To support
the growing interest towards AR/VR technologies, there has been a
significant amount of research on interaction techniques that allow
users to easily and naturally manipulate content in the AR/VR space.
Conventional input techniques rely on hand-held controllers or
in-air gestures. However, one recent research momentum leverages
users’ hands as an expressive interaction medium. The benefits
are multi-fold, many of which come with on-body interactions by
default, such as easy and swift access, proprioception, and tactile
feedback that allow for more precise control. Aligned with this
are prior works that investigated interaction techniques designed
around users’ hands [5, 15, 26, 38, 58, 65].

Our work is similar in that we also looked into the design space of
hand-centric interactions for AR/VR. However, prior works either
used hands as 2D surfaces for touch interactions (e.g., Finger Input
[53], ActiTouch [68], It’s a Wrap [5], SkinMarks [55]), or discrete
controllers for mode switching (e.g., Open Palm Menu [2], Surale et
al. [58]). Little has been done considering users’” hands as expressive
3D structures to host interactions. One of few prior systems that
leveraged the hands’ 3D expressivity is VirtualGrasp [65], a tech-
nique that lets users retrieve virtual objects by performing hand
poses as if they were grasping the objects. Hand Interfaces attempts
to extend this line of prior work. However, instead of having users’
hands grasp objects, we asked what if we let users’ hands become
the objects.

The idea for this research was conceived from the Rock Paper
Scissors game in which people form hand postures to imitate a
rock, a paper, and a pair of scissors. The embodiment (i.e., hands
becoming objects) happens in an efficient and self-revealing man-
ner, which contributes to the universality of the game. In fact, we
included Scissors in Hand Interfaces (Figure 10), and it was among
the most well-received designs in our evaluation. Researchers have
leveraged embodiment to create interaction techniques that allow
users to embody objects with their bodies [9, 10, 22, 52, 59, 66]. This
work builds on these previous explorations and dives deeper down
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into how users’ hands can embody a diverse set of objects for two
specific tasks in AR/VR - object retrieval and interactive control.

The expressivity of human hands is an innate ability of ours, but
an under-explored method of interaction in AR/VR settings. Our
objective is to demonstrate the potential of this unique advantage in
implementing expressive retrieval and interactivity, and evaluating
the pros and cons of this idea with user studies. Specifically, users
perform certain hand poses to retrieve corresponding interactive
controllers for manipulation, in which users can use the whole
hand or a part of it as an input medium. For example, a thumbs-up
hand pose imitates a virtual joystick, which the users can control
by moving their thumbs around (Figure 1a). Additionally, extended
fingers can imitate Kalimba keys (Figure 1j), while users can play
simple music by tapping keys with another hand. In another exam-
ple, the joint of an index finger alone can emulate a toggle switch
(Figure 12). Rest of the examples can be found in Figure 1.

Another significance of this research lies in the evaluation of
the benefits of hand-centric user interfaces. In recent years, there
has been a surge of research on designing AR/VR interfaces cen-
tered around users’ hands, but many designs might not have been
evaluated with real users (e.g., [41, 42, 62]). This lack of systematic
investigation makes it difficult to assess their merits and pitfalls for
designers and researchers who want to build upon this line of work.
In response, not only did we propose a new interaction technique,
we also evaluated it with a wide array of designs (i.e., 11 controllers)
in two interaction scenarios (i.e., object retrieval and interactive
control) and reported our findings. Additionally, our evaluation
included other common techniques including Drop-down Menu,
VirtualGrasp, Fist Gesture, and Virtual Manipulation as baseline
techniques, establishing a foothold for future research to build upon
hand-centric user interfaces.

In this research, we first systematically reviewed prior works and
guidelines on using bare hands as expressive controls for AR/VR.
We then designed a wide array of interaction techniques based
on Hand Interfaces and built proof-of-concept detection pipelines
with an Oculus Quest headset and its hand tracking feature [40].
Finally, we evaluated Hand Interfaces with 11 distinct interface
designs with respect to object retrieval and interactive control in a
series of user studies. Both qualitative and quantitative feedback
were gathered from 17 participants. Overall, the results indicate
that Hand Interfaces are effective, expressive, and fun to use. The
advantages of our interaction technique is demonstrated in the
three examples below.

Ubiquitous Computing. Hand Interfaces are directly applicable
to AR scenarios, in which many applications demand free-hand
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Figure 2: A user uses Hand Interfaces in concert with an AR
device to quickly and easily control a smart lighting system.
Specifically, the Toggle switch is used to turn on/off the light,

the Joystick controls its pan/tilt, and a fist-imitated Color
pale [e7k used to set its color.
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