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Effects of Haptic Feedback on the Wrist
during Virtual Manipulation

Mine Sarac1, Allison M. Okamura1, and Massimiliano Di Luca2

Abstract— We propose a haptic system for virtual manipu-
lation to provide feedback on the user’s forearm instead of the
fingertips. In addition to visual rendering of the manipulation
with virtual fingertips, we employ a device to deliver normal
or shear skin-stretch at multiple points near the wrist. To
understand how design parameters influence the experience, we
investigated the effect of the number and location of sensory
feedback on stiffness perception. Participants compared stiff-
ness values of virtual objects, while the haptic bracelet provided
interaction feedback on the dorsal, ventral, or both sides of the
wrist. Stiffness discrimination judgments and duration, as well
as qualitative results collected verbally, indicate no significant
difference in stiffness perception with stimulation at different
and multiple locations.

I. INTRODUCTION

Kinesthetic haptic devices often aim to recreate mechani-
cal properties of objects such as mass, stiffness, and tempera-
ture, during virtual manipulation tasks. Fingertip devices [1],
[2] can provide realistic sensations, but their design is com-
plex, and for some applications, such as augmented reality
tasks, it is desirable to leave the fingertips free to interact
with physical objects. Haptic bracelets (or arm bands) can
overcome these issues by relocating the interaction forces to
the wrist and leaving the fingertips free [3].

Some haptic bracelets provide squeeze the user’s wrist in
a distributed manner [4]–[6], and help users perform better
in virtual tasks compared to not having haptic feedback.
However, they do not focus on the effect of the number or the
location of contact points. Moriyama et al. [7] compared the
“strange” feeling of the feedback on the ventral and dorsal
side of the wrist, and found no significant difference.

In this work, we focus on comparing the feedback on
different locations or different numbers of contact points
in terms of task performance. We design a palpation study,
where users push and press virtual objects, and receive haptic
feedback on the dorsal, ventral, or both sides of the wrist.

II. EXPERIMENTAL SETUP

Fig. 1(a) shows the experiment setup with a haptic
bracelet, a virtual environment, and a tracking system. We
designed two bracelets with identical linear actuators (Ac-
tuonix PQ12-P) and different groundings to apply feedback
in the normal (Fig. 1(b)) and shear (Fig. 1(c)) directions,
because haptic bracelets in the literature apply normal or
shear forces [8]. As the virtual interaction occurs, we moved
the actuator on the dorsal, ventral, or both sides of the wrist.

1Department of Mechanical Engineering, Stanford University, Stanford,
CA. msarac@stanford.edu, aokamura@stanford.edu

2Previously at Facebook Reality Labs and now at University of Birming-
ham, UK m.diluca@bham.ac.uk

SOLIDWORKS Educational Product. For Instructional Use Only.

(a) Experimental setup 

Noise Cancelling
Headphones

Haptic
Bracelet

Virtual
Environment

Tracking
System

SOLIDWORKS Educational Product. For Instructional Use Only.(b) Normal direction

(c) Shear direction

Fig. 1. (a) Experiment setup: A user wears the haptic bracelet, a fingertip
sensor for tracking, and noise cancelling headphones. As users interact with
virtual objects on the monitor, they receive haptic cues accordingly in the
direction of (b) normal and (c) stretch/shear on the dorsal, ventral, or both
sides of the wrist. Slip is prevented using a double-sided tape for shear.

The virtual environment is created with the CHAI3D
framework [9] and displayed on a monitor at 144 Hz. The
user’s finger movements are tracked with a trakSTAR system
and a sensor grounded on the user’s finger.

During the experiment, users were asked to interact with
two visually identical box objects with different simulated
stiffness values (0.3 vs. 0.1, 0.2, 0.4, or 0.5 N/mm) and
to choose the stiffer one. Users were shown whether their
answer was correct in training mode, but not in testing mode.

We recruited 12 volunteers to participate in the study. The
order of the conditions were randomized for each user. The
overall experiment was composed of two parts, one for each
feedback direction. Each part had 1 training block with 24
trials, and 3 testing blocks with 16 trials each. Each testing
block rendered forces from one location of force, while
the training block used all of the locations in a predefined
order. Once the first part was completed, the user donned the
other bracelet and repeated the procedure. Thus, each user
experienced both feedback directions. Between each block,
the user rested as needed.

III. RESULTS AND DISCUSSION

Most users reported that they were comfortable receiving
the relocated feedback from the beginning, while others
became comfortable over time. Fig. 2 compares the average
accuracy of users’ responses for the dorsal, ventral, and both
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contact locations. The data is shown for all trials, for trials
in the normal direction only, and in the shear direction only.

We performed a repeated measures ANOVA to analyze
the data based on location and number of contact points.
We found that the performance of users was significantly
different in the normal direction only [F(2,22) = 4.9699, p =
0.01655], but not for the shear direction [F(2,22) = 0.7633,
p = 0.7633], nor overall [F(2,22) = 2.7547, p = 0.0855]. On
the other hand, users’ average time to complete the trials was
significantly different in the shear direction only [F(2,22)
= 4.8062, p = 0.01854], but not for the normal direction
[F(2,22) = 0.2167, p = 0.8068], nor overall [F(2,22) = 0.8409,
p = 0.4447].

We asked users to choose the feedback location they pre-
ferred. 1 user reported ventral, 2 reported dorsal, 5 reported
both sides, and 3 users reported no difference. Then, we
asked them to choose the most noticeable feedback location.
3 users reported ventral, 5 reported dorsal, and 4 reported
both sides. The exact phrasing used in such an evaluation,
such as the “strange feeling” question from [7], might affect
user response. Furthermore, we found no correlation between
the location in which they performed the best and the location
in which they thought they performed the best.

IV. CONCLUSION AND FUTURE WORK

In this work, we analyzed the effects of location and num-
ber of contact points for haptic bracelets in terms of virtual
objects’ perception. We compared feedback on the dorsal,
ventral, and both sides of the wrist, while the feedback was
given in the normal or shear direction. Even though users
tend to perform the best when the haptic feedback is given
on both sides and the worst with feedback is given on dorsal
side only, they are not significantly different. Given these
results, the best location might be subjective and not very
important in terms of perception, as long as the feedback is
rendered on user’s skin effectively.

Fig. 2 also shows that users perform better when the feed-
back is given in the normal direction than shear. However,

Overall Normal Shear

A
cc

ur
ac

y(
%

)

0

20

40

60

80

100

Feedback Directions

Overall

Ti
m

e 
sp

en
t [

s]

0

5

10

15

Dorsal Ventral Both

Normal Shear

Normal Shear

Fig. 2. Average accuracy of users’ responses and time spent based on
feedback location for all trials, for trials with feedback in normal or shear
directions. Even though a similar trend is observed with different feedback
directions, no statistical significance was found in accuracy.

this result might be caused by the fact that the actuators
are moved an equal distance in each direction, causing
the rendered forces around the wrist to be lower in the
shear direction than the normal direction due to differing
skin stiffness. Although Diller et al. [10] measured skin
stiffness around the wrist, we experienced that using different
equipment in terms of contact area, wearability, or the given
displacement of the actuators might change these measure-
ments. The difference in skin stiffness makes it harder
to compare the normal and shear directions. In particular,
Moriyama et al. reported the superiority of feedback in the
normal direction in terms of “strange” feeling, and Biggs
et al. [11] reported that subjects are more sensitive in the
shear direction compared to the normal. In future work, we
will run a method of adjustments study to find the actuator
displacements in different directions with similar intensity on
the user’s wrist and compare the effect of these directions in
terms of perception of mechanical properties.

In addition, users mostly interact with virtual objects using
multiple fingers instead of a single finger. For this study, we
simplified the task to the index finger to create a consistent,
repeatable task. In the future, we will extend our analyses
to two-finger grasping and identification of other mechanical
properties using the lessons learned from this study.
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