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Figure 1: We propose an idea that repurposes everyday objects (e.g., a chair) as passive haptic props (e.g., a cannon) to provide
haptic feedback for virtual reality experiences (A). Figures B and C illustrate the potential scenarios of VR haptics at home —
by leveraging the functional affordances of various common indoor objects (B), users can transform an indoor space into an

escape room (C) where they use complete tasks in virtual reality with physical objects.

ABSTRACT

This paper introduces VR Haptics at Home, a method of repurposing
everyday objects in the home to provide casual and on-demand
haptic experiences. Current VR haptic devices are often expensive,
complex, and unreliable, which limits the opportunities for rich
haptic experiences outside research labs. In contrast, we envision
that, by repurposing everyday objects as passive haptics props, we
can create engaging VR experiences for casual uses with minimal
cost and setup. To explore and evaluate this idea, we conducted an
in-the-wild study with eight participants, in which they used our
proof-of-concept system to turn their surrounding objects such as

chairs, tables, and pillows at their own homes into haptic props.

The study results show that our method can be adapted to different
homes and environments, enabling more engaging VR experiences
without the need for complex setup process. Based on our findings,
we propose a possible design space to showcase the potential for
future investigation.
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1 INTRODUCTION

Consumer virtual reality (VR) devices have shown great promise
in creating visually immersive environments, and with devices like
the Meta Quest 1 users are no longer tethered to the computer with
wires and thus can play with VR wherever they wish. However, VR
haptic experiences are not the case for such casual and on-demand
uses. Today’s haptic devices that go beyond simple vibrational
feedback are not widely available for consumer VR users, as they
are often costly, bulky, and complex, which significantly limits the
opportunities for rich haptic experiences outside of research labs.

What if, instead, we could turn our everyday environment into an
adaptable, easy-to-use, and body-scale VR haptic environment? In

!https://www.meta.com/quest/products/quest-2/
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this paper, we explore VR Haptics at Home, an idea of repurposing
everyday objects and environment to create casual, on-demand, yet
engaging VR haptic experiences at home without the need for any
special equipment. The idea of leveraging passive haptic props itself
is not new, as it has been explored in the literature (mostly known
as Substitutional RealityZ2). However, most of the previous work
has been studied in a controlled lab setting, leaving questions about
how this approach can be adapted to various rooms in real-world
environments.

To |l this gap, this paper contributes arin-the-wild study
conducted in each participant's home, rather than in a research lab,
to better understand how such ideas could scale and how di cult
the con guration process could be. To this end, we developed a
proof-of-concept prototype that allows users to con gure their own
haptic props on-demand through a simple setup, which allows us
to investigate how this method can be adapted to di erent homes
and environments. In our study, we asked eight participants to
use our system to turn their surrounding objects into haptic props
for interactive VR games. More speci cally, they used their own
table as a grountébr a whack-a-mole gameshair as a canofor a
shooting game, angillow as a cafor petting. The study results
show that our method can be adapted to objects in di erent homes,
and the extra steps to con gure the objects are considered to be
minimal and easy to follow. In addition, while some tasks were
more negatively a ected by imprecision in hand-tracking than
others, overall, our method can e ectively provide haptic feedback
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researchers have also explored human actuation to create dynamic
haptic environments 8, 4, 6]. However, these active haptic systems
are currently mostly limited to research lab use due to high costs,
large size, and safety concerns.

2.2 VR with Real-World Environment

To address this problem, recent works have also started looking into
how to further blend the virtual and physical environments for VR
to provide more immersive experiences that go beyond mobile and
hand-held haptic proxy. Substitutional Realit$,[22, for example,
reuses rather than replaces surrounding physical props as objects
in the virtual space. Other systems use a mix of AR and VR to
dynamically represent real-world objects and stimuli or reconstruct
physical spacell, 17, 18 24, 27). Our work builds upon concepts
presented in substitutional reality, but we contribute to the results
and insights from the in-the-wild study to evaluate the idea in the
real-world environment rather than in a controlled lab setting. We
also contribute to the design space to expand the range of everyday
objects that can be incorporated into VR experiences.

3 VR HAPTICS AT HOME:
PROOF-OF-CONCEPT SYSTEM
To investigate the VR Haptics at Home concept, we developed a

proof-of-concept prototype with the Unity 3D engine. Our system
consists of three interactive VR games: 1) pet a cat, 2) whack-a-

and enable more engaging VR experiences. Through the study and mole, and 3) shoot monsters (See Figure 2, 3, and 4 respectively).
iterative design explorations, we also learned that the concept of Ve deployed our program on the Meta Quest and used Meta's hand
VR haptics at home can go beyond these three object modalities and tracking API (1.40). We found the accuracy of hand tracking to be
there are a lot of untapped opportunities for this idea. For example, SU cient to create a proof-of-concept. We note that our implemen-
we found that not only the shape but also the a ordances of objects, t&tion is not limited to Meta's tracking technology. To repurpose
such as compliance, mechanism, and texture, could enhance the ph_y5|cal objects, the user rstprepares the object to_ be within reach
rich tactile feedback for passive haptics. Moreover, we can reuse (Figure 2A), and in the headset draws the guardian boundary to
a part of the object, rather than focusing on the entire form, to  include the object. They place the controller against the physical
broaden the adaptability and generalizability of such haptic props. ob_Ject and press the trlgger_to place_the virtual interactable object
To showcase such potential, we discuss a possible design space with(Figure 2B). Once all the virtual objects have been placed, users
accompanying exemplary scenarios, which we hope could inspire then place the cont_rollers fa_ce down somewhere _safe and aII(_Jw the
the research community for further investigation. system to automatically switch to the hand-tracking mode (Figure
2C). Lastly, the user can directly interact with the virtual object with
their hands (Figure 2D). We have also considered leveraging hand
tracking to, e.g., pinch to place the virtual interactable object, but to
ensure reliable performance during the study, we used controllers
as the reliable setup method.

2 RELATED WORK

2.1 Passive Haptics

Passive haptics is a technique that repurposes physical props or
environments to create haptic sensations in VR and ARL5 16.
Passive haptic devices allow users to control and manipulate 3D vir-
tual models with greater exibility and accuracyl2 14, 21, 29, 30,
without the need for special-purpose haptic devices, making them
highly adaptable and deployable. However, one challenge is the
mismatch between virtual and physical object?(. To address
this problem, haptic retargetingl], 9] is a technique that uses vi-
sual illusion to redirect the user's hand when touching a virtual
object. Similarly, other techniques, like Annexing Realityd and
Sparse Haptic Proxyq, build on this approach by remapping the
geometry of physical props and environments on-the- y. Alterna-
tively, encountered-type hapticslf aim to provide dynamic pas-
sive haptics for whole-body haptic interaction (e.pomShiff23,
MoveVR25, ZoomWall§2g, CoVR 2)). Instead of robotic systems,

4 IN-THE-WILD USER STUDY

We tested with 8 participants (male: 5; female: 3; mean age 21.4; all
with VR experience) and paid each a $15 gift card. Participants used
their own Meta Quest ( rst or second generation) and performed
the tasks remotely at their homes or o ces. The three scenarios cre-
ated for the study include Whack-a-mole where the participants
hit the mole 10 times, Pet a cat where the participants rub the
cat's belly 10 times, and Shoot monsters , where the participants
aim and hit 20 monsters. There were two conditions: ttentrol,
no-haptics conditiowhich every task was performed in mid-air,
and thehaptic conditiorwhere participants followed instructions

in VR to con gure the physical objects. The order of the scenarios
and conditions was counterbalanced. Following the instructions
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