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Figure 1: The usage of our technique.
(a) The cursor appears at the center of
the touch area when the user performs a
bezel-swipe. (b) The cursor moves when
the user drags the finger. (c, d) The touch-
down/up event is generated when the user
increases/decreases the touch pressure. (e)
The cursor disappears when the user re-
leases the finger.
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ABSTRACT

We show a one-handed interaction technique using a cursor for large smartphones. When applying
our technique, a user can generate a touch-down event at the position of the cursor by increasing the
touch pressure, and a touch-up event by decreasing the touch pressure. This pressure-based approach
enables the user to perform various single-touch gestures (e.g., tap, swipe, drag, and double-tap) at
the position of the cursor. The results of our pilot study, for which we employed a prototype that
uses a bezel-swipe as a trigger to show the cursor, are as follows: 1) it took 1.7 seconds for the user
to perform a single-touch gesture using the cursor, 2) the success rate was 92.71%, and 3) the user
could access the entire screen with a stable grip.
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INTRODUCTION

It is difficult for a user to interact with a large smartphone with one hand without changing a grip
of the smartphone because the reach of the thumb is limited [1? ], although a user prefers to in-
teract with a smartphone with one hand [11, 18]. Moreover, the user’s grip becomes unstable if it
is changed during one-handed interaction. This may cause the user’s finger or palm to touch the
screen unintentionally, and thus cause unintended interactions; furthermore, the user may drop the
smartphone.

To address this problem, we are exploring a one-handed interaction technique using a cursor.
Several similar techniques to ours, using a cursor, have been proposed (e.g., BezelCursor [16] and
Extendible Cursor [12]). However, these were proposed as techniques for selecting (or tapping) un-
reachable targets. Therefore, the user cannot use these techniques to input single-touch gestures,
which are gestures performed with only one finger, such as a tap, drag, double-tap, or swipe, using
the cursor, except for a tap. On the other hand, our technique enables the user to input single-touch
gestures. Specifically, our technique uses the touch pressure to enable the user to operate the cursor
in a similar manner to a computer mouse or touchpad: a touch-down event is generated at the posi-
tion of the cursor when the user increases the touch pressure; a touch-up event is generated at the
position of the cursor when the user decreases the touch pressure.

In this paper, we show a prototype of our technique that works on iOS (Figure 1). This prototype
uses a bezel-swipe [20] as a trigger. In our prototype, the user 1) performs a bezel-swipe to trigger the
cursor operation mode (Figure 1a), 2) moves the cursor by dragging the finger on the screen (Figure
1b), 3) generates the touch-down event at the position of the cursor by increasing the touch pressure
(Figure 1c), 4) generates the touch-up event by decreasing the touch pressure (Figure 1d), and 5)
releases the finger from the screen to end the cursor operation mode (Figure 1e). We also report the
results of a pilot study, in which we investigated the performance of this technique based on our
prototype.

RELATED WORK

Many techniques have been proposed for one-handed interactions with large smartphones. Four
approaches have been adopted with respect to these previous techniques: using a cursor, moving the
screen contents, reducing the screen contents to a small proxy area, and transferring touch events to
another position on the screen.
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Using a Cursor

Kim et al. [12] proposed Extendible Cursor, which uses a bezel-swipe or a large area touch by the pad
of the thumb as a trigger. Furthermore, Kim et al. showed that a bezel-swipe is superior to a large
area touch as a trigger, and that the user can perform a bezel-swipe regardless of the orientation of
the smartphone. Li et al. [16] also proposed a cursor technique using a bezel-swipe as the trigger.
CornerSpace [24] generates four corner buttons, which denote each corner of the screen, when the
user performs a bezel-swipe; by selecting a corner button, the user can show a cursor at the corre-
sponding corner of the screen. Chang et al. proposed TiltCursor [2], which is a technique that uses a
tilting gesture as the trigger. When the user tilts the smartphone by 35 degrees or more, TiltCursor
triggers the cursor operation mode. In these techniques, a tap event is generated at the position of
the cursor when the user releases the finger during cursor operation mode. However, there are two
main problems with this design. First, the user cannot input a single-touch gesture, with the excep-
tion of a tap. Second, the user cannot continuously select objects using the cursor, because the cursor
operation mode ends when the user releases the finger.

While our technique uses a cursor, it differs from the previous techniques in that a touch event is
generated based on the touch pressure. With this design, our technique addresses the problems of
the previous cursor techniques.

Moving Screen Contents

Techniques that allow the user to move the screen contents to the thumb based on the distance that
a finger is dragged have been proposed [2, 4, 12, 14, 22] using various triggers. Sliding Screen [12]
and MovingScreen [22] use a bezel-swipe. TiltSlide [2] uses a tilting gesture. IndexAccess [4] and the
technique proposed by Le et al. [14] requires the user to drag the forefinger along the back of the
smartphone. On the other hand, [5, 15] are techniques for moving the contents to the lower half of the
screen. As the trigger, Apple’s Reachability [5] uses a swipe down on the bottom edge of the screen
on bezel-less models and a double-tap on the home button on other models, while PalmTouch [15]
uses the gesture of placing the palm on the screen.

In these techniques, because the screen contents are moved, a part of the content is extruded from
the screen; thus, these techniques do not support long drags; for example, the drag from the top to
the bottom of the screen is still difficult.

Reducing Screen Contents

TiltReduction [2] reduces the screen contents to a small proxy area, which is displayed within the
reachable area of each user’s thumb when they tilt the smartphone. Similarly, one-handed operation
mode [10] of the Samsung Galaxy reduces the screen contents to the proxy area whilst the user
performs a swipe from a bezel to the center, and then swipes back to the bezel. When applying these
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Figure 2: The screen during the experi-
ment (a: tap and double-tap task, b: swipe
task, c: drag task). The ruled lines were not
displayed on the actual screen; the cells
were laid out without gaps.

techniques, it is necessary to increase the reduction rate as the screen becomes larger. However, this
may cause Fat finger problem [21] and occlusion because the objects in the proxy area become small.

Transferring Touch Event

In ExtendedThumb [13], the user 1) triggers a pointer operation mode by a double-tap; 2) moves the
pointer to the target position by dragging the finger; 3) releases the finger to determine the position
of the pointer; and 4) inputs the touch gesture that the user wants to transfer to the position of the
pointer. Unlike this technique, our technique is capable of continuous interaction with unreachable
areas. Gaze and Touch [19] is a technique proposed for tablets; it detects the user’s gaze and transfers
the touch event to the gaze position. In contrast, we only use touch information.

SYSTEM DESIGN

We implemented a prototype using iPhone’s ForceTouch [8], from which we obtained the touch pres-
sure. In the prototype, the user triggers the cursor operation mode by a bezel-swipe, and the cursor
then appears at the center of the touch area. The cursor operation mode continues until the user
releases the finger from the screen. In the cursor operation mode, when the user drags the finger, the
cursor moves in the same direction as the finger. The distance moved by the cursor is calculated as
the product of the moving distance of the finger and the Control-Display ratio (CD ratio); Although
the CD ratio should be defined for each user, we defined it as 3.0 in the prototype, as we felt that
this ratio would be easy to use. The cursor is a black circle with a white edge and has a radius of 1.5
mm.

The user can generate a touch-down event at the position of the cursor by increasing the touch
pressure to or beyond a pre-defined threshold; a touch-up event is generated at the position of the
cursor when the user decreases the touch pressure below the threshold. Our technique also provides
haptic feedback by vibrating the smartphone when a touch-down event is generated. In the pro-
totype, we defined the threshold as 2.0. According to Apple’s APl documentation [9], the iPhone’s
force sensor API delivers unitless force values. Values of approximately 1.0 represent ordinary touch
pressure; the higher the touch pressure, the higher the value. Although Apple does not state how
these values are converted into Newtons (N), Nelson [17] showed that an iPhone force sensor value
of 0-6.67 corresponds to 0-4 N. Accordingly, our threshold corresponds to 1.2 N.

PILOT STUDY

We carried out a pilot study to investigate the performance of our prototype.

Setup

The first author (22 years old) was the participant and we used an iPhone XS Max (157.5 mm X
77.4 mmx7.7 mm; 6.5 inches) as the smartphone in this study. The screen was divided into 9x20 (=
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180) cells. The cells had dimensions 8.5 mm x 8.7 mm (Figure 2), which we defined to make them as
similar as possible to Apple’s recommended minimum target size (8.4 mm x 8.4 mm) [7].

Method

The participant sat on a chair and held the smartphone in the right hand (dominant hand). Then, the
participant performed four tasks: tap task, swipe task, double-tap task, and drag task. In the tap/double-
tap tasks, the participant tapped/double-tapped the target (Figure 2a). In the swipe task, the partici-
pant performed a swipe on the target following the arrow (Figure 2b). In the drag task, the participant
dragged the target marked “S” to the target marked “G” (Figure 2c).

The participant performed each task using two techniques. The first was our technique (cursor),
where the participant input all of the gestures using the cursor. The other technique was direct touch
(direct): the participant input all of the gestures by touching the screen directly. The participant first
performed all four tasks with cursor, and then direct. For each technique, the participant completed
the tasks in the following order: tap task, swipe task, drag task, and double-tap task.

A trial was to correctly input each gesture once; if the gesture was correct, the target was updated;
otherwise, the participant input the gesture to the target again. The participant performed 35 trials
in a session and completed five sessions for each task and each technique. All of the cells were used
once as the target, and were selected in a random order, except for in the drag task. In the case of the
drag task, all of the cells became the “S” target once, in a random order. In total, we collected data
from 1400 (1 participant X 35 trials X 5 sessions x 4 tasks x 2 techniques) trials.

Results

We analyzed the time per trial and success rate per session, which are shown in Figure 3. We compared
the average values on all tasks using Welch’s t-test. The tests show that direct was significantly
faster than cursor, while the success rate of cursor was significantly higher than direct. To evaluate
the stability of the smartphone, we differentiated the values obtained from the built-in acceleration
sensor and the gyro sensor (Figure 4). We compared them using Welch’s t-test; both values of cursor
were significantly lower than direct for all tasks.

Figure 5 shows the gesture footprints of all tasks, which were much smaller in cursor. We calculated
the effective area [3] (blue rectangles in Figure 5). The blue rectangle indicates the area that the
participant requires to operate the entire screen using our technique, which occupied only 14% of
the screen.

DISCUSSION

We anticipated the longer time and higher success rate seen with use of the cursor (Figure 3); a
user can perform gestures roughly but quickly with touch operations and slowly but accurately with
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resents the effective area.

the cursor because the cursor solves Fat finger and occlusion problems. Moreover, this difference
was small, and all of the operations were performed using the cursor in the experiment of cursor,
therefore, the difference would decrease if touch operations were used for reachable targets.

The jerk and angular acceleration of cursor were significantly lower in all tasks, and only 14% of
the screen was required to operate the cursor, as shown in Figure 5. These results suggest that, using
our technique, the user can access the entire screen in a stable grip without extending the thumb.
This shows that our technique is promising for one-handed interactions.

In our pilot study, the CD ratio and threshold of the touch pressure were pre-defined constants.
However, these values may affect the performance of our technique. Therefore, it is necessary to
carry out an additional study using various CD ratios and touch pressure thresholds to investigate
the cursor performance in more detail.

Wilson et al. [23] reported that, based on visual feedback, users can control 10 levels of touch
pressure with their fingers on a handheld device with up to 85% accuracy. In contrast, with our tech-
nique, we only identify two levels (high and low) of touch pressure. Therefore, it would be possible
to add various functions to the cursor by increasing the level of touch pressure to be identified. Ex-
amples include the features provided by iPhone’s 3DTouch [6], which can display a shortcut menu
and a preview, or the zooming functionality of photos and maps; zooming is difficult for users during
one-handed interactions because it is usually performed with a pinch gesture.

CONCLUSION

We showed a pressure-based one-handed interaction technique using a cursor. In our technique, in
the cursor operation mode, the user can generate a touch-down event at the position of the cursor
by increasing the touch pressure, then generate a touch-up event by decreasing the touch pressure.
This pressure-based approach enables the user to perform a single-touch gesture (e.g., a tap, swipe,
drag, and double-tap) at the position of the cursor. The results of the pilot study of our prototype
indicated that the average time required to perform a single-touch gesture using the cursor was 1.19
sec, and the success rate was 92.71%. Moreover, the variations in the values of the acceleration sensor
and the gyro sensor were much smaller when our technique was used rather than direct touch. This
means that the user can access the entire smartphone screen in a stable grip using our technique.
Furthermore, the user only used 14% of the screen to operate the cursor.

FUTURE IMPACT

In addition to supporting one-handed interactions with large smartphones, our technique allows
users to operate tablets with one hand. Furthermore, the technique would also allow users to operate
smartwatches using a smartphone as a touchpad, thus solving Fat finger and occlusion problems
because the user can operate the smartwatch with the cursor.
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