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Figure 1: Demonstration of BackSwipe. The user is holding the smartphone with one hand, and uses the index finger to input
the word-gesture of the command “copy” on the back of the device. The command is triggered on the composing text.

ABSTRACT
Back-of-device interaction is a promising approach to interacting
on smartphones. In this paper, we create a back-of-device command
and text input technique called BackSwipe, which allows a user to
hold a smartphone with one hand, and use the index finger of the
same hand to draw a word-gesture anywhere at the back of the
smartphone to enter commands and text. To support BackSwipe, we
propose a back-of-device word-gesture decoding algorithm which
infers the keyboard location from back-of-device gestures, and
adjusts the keyboard size to suit the gesture scales; the inferred

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
CHI ’21, May 8–13, 2021, Yokohama, Japan
© 2021 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-8096-6/21/05. . . $15.00
https://doi.org/10.1145/3411764.3445081

keyboard is then fed back into the system for decoding. Our user
study shows BackSwipe is feasible and a promising input method,
especially for command input in the one-hand holding posture:
users can enter commands at an average accuracy of 92% with a
speed of 5.32 seconds/command. The text entry performance varies
across users. The average speed is 9.58 WPM with some users at
18.83 WPM; the average word error rate is 11.04% with some users
at 2.85%. Overall, BackSwipe complements the extant smartphone
interaction by leveraging the back of the device as a gestural input
surface.
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•Human-centered computing→ Gestural input; Text input;
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1 INTRODUCTION
One-handed Interaction with a smartphone via the surface on its
back (Back-of-device input) has been demonstrated as a promis-
ing approach to address some of the well-known problems that
are associated with touch input using the thumb, such as "fat �n-
ger" or reachability [23, 24]. With the recent development of new
smartphone technologies, especially the ones o�ering a rear display
(e.g., Samsung foldable phones), sensing back-of-device input is
becoming increasingly practical. However, the bottleneck lies in the
software as the existing back-of-device input is largely limited to
simple directional strokes or tapping [11, 49, 55]. The full potential
of this input modality on a smartphone is yet to be explored.

In this paper, we investigate how word-gesture input (a.k.a
ShapeWriting, Swyping, or gesture typing input) [26, 60] can be
carried out on an imaginary keyboard to trigger commands or per-
form text input via the back of a smartphone (Figure 1). Performing
word-gesture input on the back of the device has several unique
bene�ts. First, the technique is well suited for one-handed input
scenarios as it allows a user to interact with the smartphone with
the index �nger that is free from gripping the device with one hand
(Figure 1). Second, the user can input words or shortcut commands
via continuous �nger gestures. This is more expressive than simple
directional strokes, such as swiping left or right. Third, since user
input is carried out on the back of the device, it does not con�ict
with the system-level gestures performed on the front of the device
(e.g., scrolling and swiping).

Despite all these bene�ts, word-gesture input via the back of
the device is challenging because the motion of the index �nger is
largely restricted by the hand holding the device, causing di�culty
for the user to remain accurate in positioning the �ngertip on the
keyboard. Additionally, the input �nger is obscured by the device,
which could make the position control more di�cult. These factors
could result in gestures that are inaccurate and hard to be recog-
nized. A decoder (e.g.,SHARK2 decoder [26, 60]) can potentially
solve the problem but it requires the knowledge of the location and
size of the imaginary keyboard, which is unknown as they di�er
among people with di�erent hand sizes and holding postures.

To address these challenges, we designed and implemented Back-
Swipe, a one-handed input technique designed for back-of-device
input on a smartphone. BackSwipe infers the location of the imagi-
nary keyboard based on a user's input gestures to create a decoder
for back-of-device word-gesture decoding. We have applied this
decoder to support both command input and text entry on smart-
phones.

BackSwipe has the following advantages over extant front-screen
one-handed interaction techniques. As a command input method,
BackSwipe avoids con�ict with existing front-screen gestures. It
provides an additional channel for inputting commands and short
text which can co-exist with extant front-screen gestures with-
out consuming the a�ordance of the front screen. As a text entry

method, BackSwipe avoids visual interferences with the content
displayed on the front screen because there is no need to constantly
show a keyboard. It also frees the entire front-screen for interaction
with the displayed digital content: Users can freely interact with the
digital content on the front in the middle of the text entry. It mini-
mizes the visual and interaction interference on the front screen by
providing a dedicated input space on the back for command and
text input.

Our user research shows BackSwipe is feasible and promising,
especially when a user needs to enter commands or short text in the
one-hand holding posture. Our user study shows users can enter
commands at an average accuracy of92%with the speed of5:32
seconds/command. The text entry performance varies across users.
The average speed is 9.58 WPM with some users at 18.83 WPM.
The average word error rate is11:04%with some users at2:85%.

2 RELATED WORK
Our work is related to the research in word-gesture input systems
and back-of-device input.

2.1 Word-Gesture Input for Text and
Command Input

Word-gesture typing allows users to enter text using a continuous
gesture stroke to traverse the letters on the keyboard. It was �rst
introduced by Zhai and Kristensson [26,59� 61] and has been widely
adopted by various commercial keyboards.

Researchers have explored word-gesture typing on a variety of
input devices. For example, the bimanual gesture keyboard [6] en-
abled users to use both hands and multiple strokes to enter one
word. i'sFree [67] supported word-gesture input in an eyes-free
manner with a touchpad. Chen et al. [8] explored text entry in
VR with pressure-sensitive touchscreen devices. These techniques
rely on a touchscreen or a touch surface for input, but did not ex-
plore other input spaces. Other than using the �nger or a stylus,
researchers have also extended word-gesture input using head or
hand movement. For example, Vulture [40] investigated mid-air
word-gesture input by tracking users' hand movement projections
on a display. Yu et al. [58] used head rotation for gesture typing
in HMDs. Yeo et al. proposed SWiM [56], a tilt-based system to
allow single-handed word-gesture input on a smartphone. Roto-
Swype [19] proposed a ring-based text entry technique that uses
the orientation of the ring to support typing. Our work is particu-
larly related to eyes-free gesture typing [67] which also inferred
keyboard location for gesture typing. The main di�erence is that
in [67] the keyboard size andx position are known, while for back-
of-device input keyboard size, bothx andy locations are unknown,
which added more complexity for decoding.

In addition to text input, gestures have also been used to trig-
ger commands. Many of the early work in this space, such as
marking menus [28� 30] and its adaptations, such as hierarchical
marking menus [63], wave menus [2], �ower menus [3], wavelet
menus [16], MarkPad [17], imaginary gestures [20, 21], and M3
gesture menu [64], requires the user to memorize the mapping
between a command and its corresponding gesture, thus making
it hard for novice users to adopt. Some of the recent research ad-
dresses this issue by assigning semantic meanings to the gestures or
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using user-de�ned gesture shortcuts [32, 34� 36, 43, 50]. In contrast,
word-gesture commands have the bene�t that the shape of the
gestures directly re�ects the name of the corresponding command,
thus are easier to memorize and use [1, 12, 27, 65].

Built on the existing word-gesture input techniques and their
variants, we explored a new venue of research to investigate how to
support word-gesture input on the back of a smartphone (i.e., Back-
Swipe). Di�erent from the existing word-gesture input methods
which require a keyboard to be shown to the user on the front ( e.g.,
SWiM [56]) or touch input to be carried out on the front screen (e.g.,
one-handed front-screen gesture typing [26, 60]), BackSwipe mini-
mizes the visual and interaction interference on the front screen by
providing a dedicated input space on the back for command and
text input.

2.2 Back-of-device Interaction on Smartphones
Back-of-device interaction was initially proposed to solve the �fat
�nger� problem, i.e., direct input on the front of the device may
have �nger occluding the targets, especially when they are smaller
than the �nger width [23, 24]. To address this problem, researchers
proposed to use additional hardware, such as attaching physical
buttons [25, 31, 47] or tactile landmarks [10] on the backside of the
device for text entry or triggering applications (e.g., personal cal-
endars). Others explored back-of-device interaction on two-sided
touch surfaces [7, 11, 14, 22, 49, 53, 54, 62]. For example, Hybrid-
Touch [49] allows the user to interact with a handheld device by
simultaneously touching the front display using a stylus and the
trackpad on the back using the index �nger holding the device.
LensGesture [55] detects �nger gestures on the back of a smart-
phone using the device's back-facing camera. XSide [14] allows the
user to enter stroke-based passwords via the front or back of the
device to protect against shoulder sur�ng. BackXPress [11] uses
pressure sensors on the back of the device to allow the user to
switch between di�erent input modes.

Despite all the bene�ts of back-of-device input (e.g., eliminating
the �fat �nger� problem, extended input space), a signi�cant trade-
o� is the occlusion of �nger movement. LucidTouch [52] mitigates
this problem by using a pseudo-transparency display showing the
�nger movement on the device's back. NanoTouch [4] is similar
except that the device simulates the see-through e�ect using an
image of the �nger touching the backside of an ultra-small wearable
device.

Existing back-of-device interaction techniques are mostly per-
formed through simple directional strokes (such as swiping up,
down, left, or right), or tapping (on physical buttons or di�erent
regions of the device). Shimon et al. [48] performed an elicitation
study to understand how users map these gestures to smartphone
commands. In this work, we extended the gesture space by explor-
ing how to apply word-gesture command input to back-of-device
interaction.

3 EXPERIMENT 1: UNDERSTANDING
BACK-OF-DEVICE WORD-GESTURE INPUT

We �rst carried out a study to understand how users performed
word-gesture input on the back of a smartphone. Such an under-
standing would guide us in hldesigning a decoder to support back-
of-device word-gesture input.

3.1 Design and Tasks
We conducted a Wizard-of-Oz experiment to collect the participants'
gestures on the back of a smartphone. Participants were instructed
to hold the phone naturally, imaging an invisible keyboard on the
back of the phone which could correctly decode their input. We
used a ZTE AXON M as the test device. The device has two 5.2-inch
screens, acting as one front and one back screen. In the experiment,
the front screen was designed to show prompts, and the back screen
was used to collect the gesture input data.

The study adopted a text transcription task. A short phrase was
displayed on the front screen and the participant was instructed to
draw a word-gesture on the back of the device to enter the phrase.
A short line was displayed under the current target word in the
phrase and would advance to the next word after the word-gesture
for the current word was drawn. The participants were instructed
to perform word-gesture input to transcribe text with the index
�nger on the back screen while holding the phone with the same
hand. The gesture traces was displayed on the phone's front screen
to provide feedback, as shown in Figure 2. By default, the keyboard
layout was not shown on the screen. We adopted such a design
because there is evidence showing that many users are able to
input text on an imaginary keyboard on the phone [66], remote
control [67], or hand-held touchpad [37], given the dominance and
users' familiarity with Qwerty layout. In case a user could not
recall the location of a particular key, keeping the index �nger
still for 300msat the back screen would bring up a Qwerty layout
on the front screen. The keyboard would disappear once the user
took the index �nger o� the screen upon the completion of the
current word. We instructed the participant to assume that there
existed an imaginary keyboard at the back of the screen that would
successfully decode the word-gesture she entered.

The testing phrases were selected from a subset of the MacKenzie
and Soukore� phrase set [39, 57]. The same test set was used for all
participants. The participants were required to complete 4 blocks
in the experiment and could take a short break after completing
each block. Each block contains 10 phrases whose orders were
randomized. Before the formal study, we instructed the users to
complete a 5 minutes warm-up to get familiar with word-gesture
input on the back of the device.

3.2 Participants and Apparatus
Ten participants (3 females, all right-handed) participated in the
study. The ages of the users were from 25 to 30 (M = 28). Their
median familiarity with the Qwerty layout was 4.5 (1: very unfamil-
iar; 5: very familiar). Their median familiarity with gesture typing
was 3. All of the participants were instructed to use their preferred
posture to hold the phone during the experiment.

A ZTE AXON M dual-screen foldable mobile phone (Qualcomm
MSM8996 Snapdragon processor, Quad-core CPU with a 2� 2.15
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