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Back-of-Device Force Feedback Improves
Touchscreen Interaction for Mobile Devices

Jens Maiero, David Eibich, Ernst Kruijff, André Hinkenjann, Wolfgang Stuerzlinger, Hrvoje Benko,
Gheorghita Ghinea

Abstract—Touchscreen interaction suffers from occlusion problems as fingers can cover small targets, which makes interacting with
such targets challenging. To improve touchscreen interaction accuracy and consequently the selection of small or hidden objects we
introduce a back-of-device force feedback system for smartphones. We introduce a new solution that combines force feedback on the
back to enhance touch input on the front screen. The interface includes three actuated pins at the back of a smartphone. All three pins
are driven by micro servos and can be actuated up to a frequency of 50Hz and a maximum amplitude of 5mm. In a first psychophysical
user study, we explored the limits of the system. Thereafter, we demonstrate through a performance study that the proposed interface

can enhance touchscreen interaction precision, compared to state-of-the-art methods. In particular the selection of small targets
performed remarkably well with force feedback. The study additionally shows that users subjectively felt significantly more accurate
with force feedback. Based on the results, we discuss back-to-front feedback design issues and demonstrate potential applications
through several prototypical concepts to illustrate where the back-of-device force feedback could be beneficial.

Index Terms—User interfaces - Haptic interfaces, Human computer interaction - Back-of-device interaction, Mobile applications

1 INTRODUCTION

ESEARCHERS have been fascinated with the possibilities
Rof back-of-device (BoD) interaction, since the appear-
ance of the first prototypes about a decade ago. Motivated
by efforts to minimize screen occlusion through fingers,
early prototypes like LucidTouch [1] made use of pseudo-
transparent displays. At the back, users could interact with
the full screen content using touch input without occluding
content. One hope was that back interaction could com-
pensate for poor pointing performance, especially for the
selection of smaller objects.

Within this paper, we take an alternative approach to
BoD interaction. Instead of touch input on the back, we
explore the potential of force feedback at the back to enhance
thumb-based touch interaction on the front-of-the-device
(FoD) screen. Adding force feedback to smartphones has
great potential, as many force events currently are sub-
stituted through tactile (vibration) or visual-only feedback
mechanisms, which affects the perception of those events
[2]. Consider pressing a button: in real life, we receive
physical (force) and tactile (surface) feedback while pressing
the button down. With current smartphones, usually audio-
tactile feedback (”click”) and a change in button color indi-
cates that a button is pressed, which is not compliant with
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real-world interaction. Based on previous work, we assume
that force feedback could affect performance positively, in
particular for thumb-based interaction that often suffers
from occlusions. Moreover, as we will investigate in our
studies, force feedback might improve performance in tasks
that, in the real world, do not depend on such feedback.

Studies have shown that tactile feedback can increase
performance in target selection tasks [3] [4]. However, the
exploration of force feedback in smartphones is rare. A
major cause is that adding force feedback actuators to the
front display has many physical form factor constraints,
which makes physical construction challenging. For exam-
ple, mounting an actuator on the front would occlude part
of the display, and likely hinder input. In contrast, the
main research problem our approach faces is how well force
feedback at the BoD works.

1.1 HapticPhone contributions

Through a novel device for exploring the haptic design
space on the back of smartphones, this paper presents a
new BoD approach (see Figure 1). We use BoD feedback
to overcome physical form-factor challenges for adding
force feedback to the front of the device and explore this
novel design space by looking into the human and technical
aspects of our new interface approach. The direction of this
haptic feedback method is orthogonal to the back of the
mobile phone, similar to a pin moving out of the back and
pushing the finger away.
The four core contributions of this paper are:

o A novel interface and feedback metaphor, which extends
a smartphone with relayed back-to-front force feed-
back to enhance touch-based interaction on the front
screen.
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e A psychophysical perception study that confirmed our
force feedback mechanisms produces a Weber Frac-
tion (8:29%) comparable to similar force devices,
confirming the rendering effectiveness of our design.

o A performance study, which illustrates that relayed
back-to-front force feedback can improve accuracy,
even in comparison to vibration. The performed
study shows that our approach can improve inter-
action accuracy up to a factor of 1.5 (selection) and
up to 1.3 (drag-and-drop), compared to conditions
without additional feedback (visual-only).

o Several applications that explore how back-of-device
force feedback can be used for higher-level function-
ality.

2 RELATED WORK
2.1 Back-of-Device Interaction

Touch is a compelling input modality for smartphones. Yet,
it suffers from limitations as the user’s finger can easily
occlude screen content. To overcome this limitation, Wigdor
et al. presented a system called LucidTouch to explore how
BoD interaction can overcome the occlusion problem [1].
Extending results from earlier prototypes, this paper ignited
interest in BoD interaction. Similar systems include Wigdor
et al.’s “under the table” interaction [13], the HybridTouch
system [5] that explored manipulation on the front and the
back of a PDA, and the Behind Touch system [6] studying
text input at the back. Furthermore, LimpiDual offered a
transparent display system with two touchscreens, one at
the front and one at the back [7]. Fukumoto introduced
a passive soft-gel based transparent film that provides a
button-push feeling, which can be attached to either the
front or back of the device [14].

Through an initial study, Wigdor et al. showed that with
their pseudo-transparent display approach, users preferred
BoD interaction due to reduced occlusion, higher precision
and the possibility of multi-finger input [1]. Since then, var-
ious studies have looked into different interaction aspects
of BoD interaction, including gestural interaction [15] [16],
the performance of dual touch input [7], the performance
of hand postures in front and back interaction [17], and
text input [18]. Others have explored simultaneous back-
and-front-of-device interaction [9], [19]. BoD interaction also
affords the creation of smaller scale interactive display de-
vices, as identified in [8]. Overall, studies underlined that
BoD interaction can improve performance in a number of
aspects.

Finally, UniPhone explored the use of auxiliary finger
input in one-handed mobile interaction, which showed that
pressure-sensing areas at the edge (instead of the back) of a
smartphone can improve one-handed interaction [20].

2.2 Haptic Feedback on Mobile Devices

Combining force feedback with smartphone interaction is a
largely unexplored area. While flexible media systems such
as Flexpad [21] and jamming interfaces [22] have explored
the potential of haptic and elastic input [23], these systems
have limitations in terms of actuation and feedback. More
accurately controllable haptic-based methods have been
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demonstrated for other actuated devices, especially mouse-
like input [24].

Other work has illustrated promising results for under-
finger force actuators using rod-like systems [3]. Akamatsu
showed that tactile feedback can improve completion time
when selecting targets with a mouse [25]. Our approach
is related to this way of actuation, as we support similar
finger-tip based feedback. In contrast to force feedback, tac-
tile interaction has been explored far more intensely, mostly
using built-in vibrotactors of mobile devices or tactile screen
overlays. Tactile interaction has been shown to improve
task performance on touchscreen displays [26], for example
for virtual keyboard interaction [11], button clicks [27] and
in combination with simultaneous screen operation [28].
Some researchers also demonstrated improvement in task
performance under cognitive load [29]. Furthermore, tactile
cues have been used to simulate various surface [30] [31] or
friction characteristics [32]. Finally, some researchers have
looked into passive shapes, like wedges or dimples at the
back of a phone, to improve performance [33], which has
some relevance to the shape of our actuator used in our
pilot studies.

Another area that is closely related to BoD interaction are
systems that use tactile grids on smartphones, e.g., [4] [34].
The usage of tactile grids supports not only eyes-on, but also
eyes-off interaction, i.e., blind operation of a smartphone.
Non-visual interaction has also been explored previously,
e.g., [35] [36] [37] [38], showing the potential of using such
methods for in-the-pocket operation of a smartphone, or for
visually impaired people [39]. Yannier et al. have shown
that haptic feedback on the back can improve children’s
reading experience and make it more memorable [40]. Fi-
nally, while we use servos for actuation, our work resembles
other actuated display systems such as TouchMover [41]
and ForceTab [42]. However, due to the form-factor and
way of actuation, our approach is principally different. A
few researchers have also looked into actuation at the side
of mobile devices. The Haptic Edge Display introduced a
linear array of tactile pixels at the side of a smartphone and
presented a psychophysical study to measure ideal resolu-
tions [12]. In general BoD haptic feedback has been used
for, e.g., shape recognition, in pocket interaction, and GUI
interaction. In contrast, our proposed prototype introduces
a novel set of application areas and a performance study to
demonstrate that haptic feedback is able to improve touch
precision.

2.3 Thumb-based Interaction

In our interface approach, we build on previous findings
in thumb-based interaction [43] [44] [45]. Current research
focuses on improving interactive metaphors that consider
the physical limitations of the thumb. For instance, a novel
way to increase the thumb interaction space [46] was moti-
vated by three problems of thumb-based interaction: reach-
ability, occlusions and limited multi-touch interaction. This
approach also took the space above the smartphone into
account. Furthermore, the system presented by [43] uses
the contact size of the thumb on the touchscreen for single-
handed mobile interaction. We extend the state of the art
in this area by implementing a novel approach to relay






