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Abstract. This paper presents a pilot study that explores the role of
low-cost passive haptics on how users perceive physical properties such
as the size and weight of objects within virtual reality environments.
An A/B-type study was conducted as an air hockey simulation in which
participants experienced two versions: one adhered to conventional VR
settings, while the other incorporated a tangible surface, a real table.
Statistical analysis of the data collected from post-study questionnaires
indicated a shift in perception of size and weight when exposed to the
haptic-enhanced simulation, with virtual objects perceived as larger or
heavier. It was also noted that the observed shift of the user perception
was stronger when the simulation with the tangible surface was expe-
rienced first. The paper presents details on the implementation of the
air hockey simulation and the setup within the testing environment as
well as the statistical analysis performed on the collected data, offering
practical recommendations for future applications.
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1 Introduction

Virtual reality (VR) has revolutionized the way we interact with digital en-
vironments, but achieving a truly immersive experience still poses challenges,
particularly in replicating physical sensations. Various hardware solutions have
been proposed such as electric muscle simulation [5] however the cost and setup
implications of such interfaces are usually prohibitive for public use as main-
stream hardware devices. Several studies have recently experimented the use
of low-cost tangible objects within virtual environments [2, 3], and it has been
shown to influence the user experience in various ways [8, 1, 6, 7, 4, 12]. Results
from our previous studies indicated that the use of passive haptics contributes
to an increase in the perceived level of enjoyment and realism [3].

This paper explores the impact of integrating low-cost passive haptic feedback
into virtual environments on users’ perception of size and weight. The focal
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point of this work is a pilot study conducted within the context of an air hockey
simulation, utilizing a real-time tracked physical table (Fig. 1). The experimental
design involved a randomized A-B testing sequence, wherein participants were
exposed to two versions of the simulation. One version adhered to conventional
VR settings, devoid of any passive haptic elements, while the other incorporated
a tangible surface of interaction, i.e. a real table that served as the virtual air
hockey table. Post-study questionnaires were administered to gather insights
into participants’ possible change of perception.

Fig. 1. Illustration of the experimental setup with a physical table. Components of the
virtual environment are superimposed to show the alignment between the virtual and
the real world.

The results yielded findings regarding the influence of passive haptic feedback
on the perceived physical attributes of objects within the virtual environment.
Participants consistently reported a notable shift in their perception of size and
weight of the critical objects of interaction when exposed to the haptic-enhanced
version of the simulation. Statistical analysis of the results that are presented
in Sec. 4 indicate statistically significant differences between the two conditions.
Participants consistently rated virtual objects within the haptic-enhanced simu-
lation as larger or heavier compared to their counterparts in the conventional VR
environment. More specifically, the virtual puck was perceived as heavier when
the physical table was present. Furthermore, the 3D model of the air hockey table
was perceived as smaller when the physical table was absent. These findings indi-
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cate that there is an impact of passive haptics on users’ perceptual experiences,
even with respect to the virtual (non-physical) objects within the simulation
environment. This reaffirms and extends the observations from experiments pre-
sented recently in literature [11, 9]. Our results also indicated that the order of
experiencing A and B versions of the simulation had an additional influence on
the user’s perception. In particular, the effects of the passive haptics were more
intense when the simulation with the tangible objects were experienced first.1

The paper is organized as follows: Section 2 presents details of the develop-
ment of the VR air hockey simulation with passive haptic feedback. Section 3
describes the study protocol and the user’s demographics. Section 4 presents the
results and the corresponding statistical findings.

Fig. 2. Screen capture of the virtual reality environment that was developed for the
needs of this study.

2 Methods

A VR application was developed to simulate the tabletop game known as air
hockey (see Fig. 1). In the real air hockey game, the center of interaction is a
low-friction table, powered by air pressure, on top of which a circular puck slides
when struck by the strikers held by the players. In front of the two opposing
players, who stand on opposite sides of the table, there are two openings where




