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Abstract

Operating small touchscreens with the finger occludes a large
part of the screen. We propose using the watch case as the input
space, without enlarging the smartwatch. Therefore, we created
two prototypes, one with a touch surface on the watch case (CASE)
and one with touch surfaces on the watch case and the wristband
(CASE+BAND). In a comparative study, we analyze their suitability
in a 1D list scrolling task and 2D map navigation task. The results
show that occlusion is less of a problem for the list scrolling task,
as visibility is sufficient. In the map navigation task, participants
reached task completion times with CASE+BAND that are compara-
ble to touch input. CASE was significantly slower, but only requires
minimal additional hardware. However, the results of a subsequent
longitudinal study demonstrates the learnability of CASE, which led
to task completion times comparable to touch input, and provides
insights in the gradual development of expert performance.

CCS Concepts

» Human-centered computing — Interaction techniques; Mo-
bile devices; Haptic devices; Touch screens.
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1 Introduction

Smart devices support us all day, every day. While smartphone
displays keep increasing in size [35], smaller devices like smart-
watches and smart rings are on the rise [11]. These smaller devices

This work is licensed under a Creative Commons Attribution International
4.0 License.

MUM °24, December 01-04, 2024, Stockholm, Sweden
© 2024 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-1283-8/24/12
https://doi.org/10.1145/3701571.3701583

Benjamin Simon
Leibniz University Hannover
Hannover, Germany
b.simon@hci.uni-hannover.de

Michael Rohs
Leibniz University Hannover
Hannover, Germany
michael.rohs@hci.uni-hannover.de

are a companion to our smartphone and help us to perform simple
tasks, like controlling music, answering notifications or navigating
a route, without the necessity to pull the smartphone out of the
pocket or backpack. However, for small touchscreens, like smart-
watch displays, occluding the screen is unavoidable when using
a finger as the input device. Thus, important information on the
screen cannot be seen while interacting with the device. As a smart-
watch is worn on the wrist, the available space for its display is
limited and it cannot be increased to smartphone screen sizes. To
address this occlusion problem, some commercially available prod-
ucts provide one additional degree of freedom (DOF) with custom
input hardware. Typical solutions are the addition of a crown, like
with the Google Pixel Watch or the Apple Watch, or a touchable
bezel around the display, like with the Samsung Galaxy Watches.
However, these solutions have the drawback that they need ad-
ditional space, thus increasing the overall size and weight of the
watch, which is contrary to the idea of having a small companion
device for the smartphone.

In this work, we propose using the case of the smartwatch as
the input area, without noticeably enlarging the smartwatch case.
We believe that by adding minimal hardware, we can create an
occlusion-free input method that is a viable alternative to the ubig-
uitous touch input on smartwatch screens. To avoid enlarging the
smartwatch case, we used a thin capacitive touch sensor stripe
for our prototype. In contrast to commercial solutions that require
additional space, the sensor stripe typically has only a thickness of
just 0.15 mm and can be cut to size. In a final product, the touch
sensor stripe could also be integrated invisibly into the side of the
case. To minimize the occlusion during input without increasing
the size of a smartwatch, we placed this sensor stripe on the case
of the watch to add one DOF. We call this prototype CASE and
compare it to common touch input in a study with two tasks: a
list scrolling task (1D) and a map navigation task (2D). A second
prototype, called CASE+BAND, has one additional DOF by placing
a second touch surface on the lower wristband of the watch, di-
rectly under the watch face. In the map navigation task, we evaluate
this prototype as well. The results of our study show the suitabil-
ity of CASE+BAND for map navigation tasks. Furthermore, in a
small longitudinal study, we demonstrate the learnability of our
single-banded prototype CASE for the map navigation task over
two weeks. The final task completion times are similar to the other
two input methods.
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Our contributions consist of (1) an occlusion-free input method
for smartwatches that does not increase the size of the device, (2) a
suggestion for mapping 2D interactions and gestures on a 1D sensor,
and (3) an evaluation showing the viability of using an integratable
capacitive touch surface on the smartwatch case in two common
scenarios.

2 Related Work

The problem of limited screen space on a small device like a smart-
watch has inspired many different approaches to prevent or reduce
occlusion.

2.1 Software Approaches

One way to minimize the occlusion of the screen during interaction,
is the development of customized software. In D-SWIME [32], Singh
et al. created a design space for new input techniques for smart-
watches in different movement (standing, walking and running) and
encumbrance situations (both hands busy, only non-dominant hand
busy, both hands available). They created single finger swipe ges-
tures for zooming and panning and compared them to the default
input techniques on smartwatches that originate from the tech-
niques used on smartphones. Their results show that the default
interaction techniques are not robust when the wearer is moving
or encumbered. The single finger swipe gestures they proposed,
outperformed the default techniques in all movement and encum-
brance situations. Instead of creating new input gestures for list
scrolling tasks, Hartmann et al. [9] modified the way of searching
on small displays by developing an input technique based on binary
search. They compared their approach to linear search in a study
and showed that participants were faster with the binary search
method. In EdgeSelect [20], Neshati et al. analyzed the occlusion on
smartwatch screens during user input and invented a linear target
selection technique that uses a small portion of the lower right part
of the smartwatch screen where the occlusion is the lowest dur-
ing interaction. They explore their occlusion-reducing concept in
two studies and show the suitability of this technique for different
interface elements like keyboard, slider, and hierarchical menus.
Bezel-to-bezel swipe may be used as an input technique that allows
the user to start at a specific point on the bezel, swipe over the dis-
play, and end at another point on the bezel. Kubo et al. [14] explored
this approach for rectangular smartwatches and Rey et al. [24] for
smartwatches with a round display. Both show the suitability of
this technique, Rey et al. [24] also in scenarios in which the user
cannot take a look at the watch or is encumbered.

We decided not to explore a software-only approach as this could
be only occlusion-reducing but never completely occlusion-free,
because the finger is always occluding part of the touchscreen.

2.2 Commercial Solutions

The major smartwatch manufacturers [16] Apple and Samsung pro-
vide individual solutions to minimize occlusion while using a smart-
watch. Samsung offers a physical rotatable bezel with their Samsung
Galaxy Watch Classic series! as an alternative input method for
scrolling or zooming tasks. The Samsung Galaxy Watch series?

Ihttps://www.samsung.com/us/watches/galaxy-watch4-classic/
Zhttps://www.samsung.com/us/watches/galaxy-watch4/

Stanke, et al.

offers a rotatable bezel, but this solution decreases the visible dis-
play space. For the Samsung Galaxy Watch 4 and 5 the bezel has
a width of 3.5 mm, thus increasing the diameter of the watch by
7 mm. The version with the 1.2" display is marketed as “40 mm” and
the version with the 1.37" display as “44 mm”. The diameter of the
watch glass (without the case) of the smaller version is 37.5 mm,
including 30.5 mm for the display. The diameter of the larger ver-
sion is 41.8 mm with 34.8 mm for the display. A 7 mm bezel does
not seem much, but it takes around one-third of the watch glass
surface area, which is exclusively used for touch input and is not
usable as a display space. Samsung addresses this with the Galaxy
Watch 6 by reducing the bezel width to 1.5 mm (diameter: 3 mm)
and increasing the display size while keeping the watch glass size
the same as the Galaxy Watch 4 or 5. This reduces the surface area
that is not used by the display to around 15 %.

Even though the digital crown of the Apple watches increases
the width of the watch by only 3 mm (roughly 9 % of the width of
an Apple Watch Series 9), Apple considers removing the crown and
replacing it with an optical sensor that is able to sense motion on
the side of the watch and does not increase the size of the watch [3].
This solution is similar to our approach by using a part of the case
itself as the input area. However, Apple only defines the input
gestures to map the functions of the digital crown (like scrolling)
and does not define how complex interaction, like map navigation,
could be realized with this approach.

The rotatable bezel and digital crown were compared with touch
input by Kerber et al. [13] in two common scenarios: a list scrolling
task and a map navigation scenario. In the list scrolling task, the
participants should find and select a specific item in a list and in
the map navigation task, the participants should locate and select a
marked parking lot on a map. The participants were significantly
faster with touch input in the list scrolling task compared to the
crown or bezel, but preferred the digital crown. As the rotatable
bezel and the crown only provide one additional DOF, the partici-
pants had to switch the x- and y-direction in the map navigation
task by pressing the crown button. This led to significantly slower
task completion times compared to touch input. However, the per-
ceived effort and perceived frustration were significantly higher
with touch input than with the rotatable bezel or crown.

Due to the fact that the task completion times were significantly
slower with the rotatable bezel and the digital crown compared
to touch input, we decided to use only touch input in our studies.
Further, not all smartwatch manufacturers include alternative in-
put methods like a digital crown or rotatable bezel. However, all
smartwatches we know of offer a touchscreen as their main input
method.

2.3 Physical Extension of the Case

Reducing the occlusion problem by extending the case with ad-
ditional input hardware was also analyzed by Ikematsu and Kato.
Their ShiftTouch [10] approach introduces external passive inter-
faces that are connected to small parts of the touchscreen to mini-
mize the occlusion problem on small screens. The passive interfaces
use several electrodes that create touch events on a small part of the
screen when pressed. The authors propose different applications,
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like text input and mobile gaming, for which their battery-free ap-
proach could be bene cial, and show the suitability of their design.
Ren and Arif[23] explore force-based selection on a touchscreen in
a 1D Fitts' law task. They combine force with sliding gestures for a
keyboard and describe a technique that allows scrolling through
letters of a word with a sliding and pressing gesture on top of the
screenWatchlt[27 extends the input space of a smartwatch to
the wristband. The concept with di erent input gestures on the
wristband was found suitable for eyes-free interaction and for a list
scrolling task. To minimize the occlusion problem, Ahlstrém et al
[1] developedTiltCrown They added a small joystick to the side of
the watch and compared it to a rotary knob, which is similar to the
digital crown. The results of a list scrolling task show comparable
task completion times and no signi cant di erence between the two
input methods. ThelrackballWatcH 34 prototype demonstrates
the simultaneous use of a trackball and a rotary knob in map navi-
gation scenarios. The combination of these two input methods are
evaluated in di erent placements on the side of the watch and on
the wristband. With a placement of the trackball and rotary knob on
the wristband, the task completion times were signi cantly lower
compared to a placement on the side of the watch or even to touch
input.

Other approaches that aim for addressing the occlusion problem
during input include back-of-deviceZ] and back-of-band interac-
tion [2§, non-voice acoustic inputZ6, electromyography 6, 15
17, touch-sensitive fabrics9, toe movement 19, electric eld
sensing Bg, magnetic eld sensing 18 25 30, tilting [ 8], mid-air
gestures 83, using the lips as an input spacdf, and recognizing
head gestures with millimeter wave sensing [37].

Extending the case with additional hardware to o er an alterna-
tive input method is commonly used, even in commercial solutions.

However, as existing hardware-based approaches lead to an enlarge-

ment of the smartwatch case, we propose a size-saving approach
by employing the unused case space itself for input.

2.4 Utilizing the Case

TouchStrind 7] enhances the case of an object by adding LEDs
and photo-transistors to realize coarse-grained touch pixels. Daily
objects like a bottle or a smartphone were extended in order to
recognize the grasp of a user. However, one main nding was that
the spacing between the sensors was too wide (18 mm) to be useful.
In iGrasp[4], Cheng et alplaced 46 copper foil stripes on a tablet
case to recognize how the tablet is held. They implemented an
adaptive on-screen keyboard that changes its shape depending on
whether the tablet was placed on a table or held with one or two
hands. 98 % of the participants preferred the automatic adaptation of
the keyboard shape depending on the grasp. Xiao ef38] created

a custom watch case that can be panned, tilted, clicked, and twisted.
This serves as a proof of concept that moving the watch case itself
can be used for physical input. They propose that the combination
of these input possibilities can be used in scenarios like navigation
or games. Oakley and Ld21] created a 3D printed hollow disc
and added an small OLED screen to the front. Additionally, 24
bolts were screwed to the perpendicular side of the disc to create a
touch surface. They explore the input possibilities in an elicitation
study and analyze the grasp, grip, and touch of the user during the
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usage of such an object. Their system is able to identify the nger
used for interaction and di erent object grasps with two to ve
ngers. PressTadt] uses pressure sensors on the watch case as an
alternative input method for smartwatches. Four pressure sensors
are placed on side of the watch. The authors explore the suitability
of di erent levels of pressure for single and double presses. The
concept was applied in a photo gallery application.

In this work, we focus on exploring the suitability of the smart-
watch case as a touch input surface to reduce occlusion during
usage while not increasing the size of the watch. With our rst pro-
totype, we analyze a one-dimensional approach that utilizes unused
space on the case of the watch. This could be fully integrated in a

nal product without increasing the size of the watch itself. Further,
we provide a suitable mapping on the 1D stripe to navigate on a
2D map with zoom support. Our second occlusion-free interaction
technique does not require a special mapping, but o ers additional
input space on the wristband by using a second stripe.

3 Prototype

To realize the touch surface on the watch case with minimal hard-
ware, we decided to use a Trill Fl&high-resolution capacitive
multi-touch sensor that we cut down to t the case on the side of
the watch. The side provides a surface area of approx. 45 mm
5mm. Thus, cutting o the stripe to tthe surface area reduces the
number of available segments from 30 to 12. However, this does not
a ect the interpolation between the segments, so that the sensor
still has a high-resolution. As shown in Figure 1, the touch sensor
is placed on the right side of the watch, so that a right-handed user
wearing the watch on the left wrist can use the right hand for input.
The stripe is connected to an ESP3@&hich sends the touch data to

a Samsung Galaxy Watch 4 (40 mm; 1.2-inch display) via Bluetooth.

We decided to use the metaphor of a scroll bar to manipulate
the content, because just like with a scroll bar, the input element
is located to the right of the content (cf. Figure 1, left). Thus the
mapping is such that, for example, moving the nger down, moves
the list entries up, whereas touch input would move the list entries
down. For the selection, we conceptually split the stripe into three
sections: top, middle, and bottom, as shown in Figure 1, with a size
of approx. 15mm 5mm each. This allows the identi cation of
the starting point of a gesture and thereby the distinction between
multiple gestures.

The CASE+BANIDrototype uses an additional stripe with 6
segments directly below the watch face to add one DOF (cf. Figure 1,
right). We use this input method only for the map navigation task
as the list scrolling task only requires one DOF. With the second
stripe, the user is able to use the thumb to pan the map to the left
and right like with a horizontal scroll bar.

4 Comparative Study

Our input techniques were evaluated in a within-subjects design
study with two common scenarios: a list scrolling task that re-
quires one degree of freedom and a map navigation task with zoom

Shttps://learn.bela.io/products/trill/about-trill/
“https://docs.espressif.com/projects/esp-idfien/latest/esp32/hw-reference/esp32/get-
started-devkitc.html






	Abstract
	1 Introduction
	2 Related Work
	2.1 Software Approaches
	2.2 Commercial Solutions
	2.3 Physical Extension of the Case
	2.4 Utilizing the Case

	3 Prototype
	4 Comparative Study
	4.1 List Scrolling Task
	4.2 Map Navigation Task
	4.3 Participants
	4.4 Results for List Scrolling
	4.5 Results for Map Navigation

	5 Longitudinal Study
	5.1 Results

	6 Discussion and Limitations
	7 Conclusion
	References

