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Abstract
This work compares four methods for interacting with large verti-
cal displays via a smartwatch. In addition to conventional taps, it
includes directional flicks, wrist gestures, and force-based methods,
which can reduce the need for precise target selection on small
screens. Results show that directional flicks performed nearly as
well as taps in terms of speed, error rate, and perceived usability.
Surprisingly, force-based input outperformed wrist gestures in both
usability and perceived task load, despite concerns about users’
ability to control pressure. Wrist gestures, though slower and more
demanding, were preferred by some users for one-handed use.
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1 Introduction
Interacting with large vertical displays can be challenging due to
their size. Users often cannot physically reach all areas of the dis-
play, making interaction inconvenient or even impossible. Prior
research has explored alternative methods using external devices
such as smartphones, tablets, laser pointers, or gesture-based sys-
tems [1]. However, these approaches are often inaccessible to in-
dividuals with motor or other physical disabilities. Smartwatches
offer a promising alternative. Worn on the wrist, they are always
within reach and do not require users to perform large or expressive
gestures. However, their small screens and reliance on tap-based
interaction make them difficult to use for precise target selection,
especially for users with motor impairments [6]. In this work, we
investigate alternative input methods for smartwatch-based interac-
tion with large vertical displays. Our goal is to identify techniques
that reduce the need for precise targeting and can be performed
without using the other hand or fingers.
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2 Comparative Study
We conducted a user study to compare the following input methods.
For each task, we determined the interaction thresholds through a
pilot study conducted with three participants (1 female, 2 male, all
right-handed, M = 30 years, SD = 1), using the experimental device.

Tap: This method included two tasks: regular tap and long tap
(also known as long press or press & hold). For long tap, we set a
threshold of 2 seconds, meaning participants had to maintain touch
for at least two seconds to activate it. We did not include double-tap,
as prior studies have shown that users with motor disabilities often
find it difficult [6].

Directional Flick: In this method, users performed flick gestures
(up, down, left, or right) anywhere on the screen. A movement
threshold of 10 pixels was used, requiring the finger to travel at
least this distance to register a flick.

Wrist Gesture: Here, users twisted their wrist toward their body
(down), as if checking the time, or away from their body (up). We
defined a flat position within the range of 0.7 to 10.97 degrees.
Any angular deviation beyond this range in either direction was
registered as a twist.

Force-Based: In this method, users applied different levels of pres-
sure: soft, regular, or hard, when tapping. Taps with a force below
0.01 and a duration over 132 ms were considered as soft, and those
with a force above 0.02 and a duration over 551 ms were considered
as hard.

Figure 1: A participant interacting with a vertical display.

2.1 Participants
Twelve participants took part in the study (M = 26.83 years, SD =
6.1). Seven identified as female and five as male. All participants
were right-handed and wore the smartwatch on their left wrist.
Eight were smartwatch owners (M = 3 years, SD = 2.4), while the
remaining four, though not owners, were familiar with smartwatch
use. Each participant received US $10 for their participation.
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2.2 Apparatus
We used a 1,651 mm LG UL3G-B Series commercial display monitor
with a resolution of 3,840 × 2,160 (UHD), running on webOS 4.0
(Fig. 1). For the smartwatch, we used the Fossil Gen 6 FTW4061V
(44 mm, 118 g), which features a 416 × 416 resolution at 326 ppi.
It is powered by a Qualcomm Snapdragon Wear 4100+ processor,
with 8 GB of storage, 1 GB of RAM, and built-in Bluetooth 5.0 LE
for seamless compatibility with the vertical display.

2.3 Design
We used a within-subjects design for the study. The independent
variable was method, which had four levels, each with multiple sub-
levels (tasks): tap (regular tap, long tap), directional flick (up, down,
left, right), wrist gesture (up, down), and force-based (soft, regular,
hard). Each participant performed 20 trials per sub-level, resulting
in a total of 12 participants× 11 tasks× 20 trials = 2,640 interactions.
The dependent variables were the following performance metrics:

Task completion time: The average time (in seconds) participants
took to accurately complete each task (sub-level).

Error rate: The average number of errors made per task. An error
was recorded whenever the participant’s input did not match the
target sub-level.

2.4 Procedure
We began by introducing the study to participants, obtaining in-
formed consent, and collecting demographic information. Partic-
ipants were then given time to practice each input method by
performing each task twice while seated. The main study followed
immediately after. The vertical display, mounted on a stand 90
cm above the ground and positioned 360 cm from the participant,
presented one task at a time in random order. Participants were
instructed to perform each task without looking at the smartwatch.
Upon successful completion, the display provided visual feedback
by changing the font color from white to green and then displayed
the next task. Error correction was enforced, that is, participants
had to repeat each task until it was accurately recognized by the sys-
tem. All interactions were logged automatically. After completing
the study, participants filled out a custom usability questionnaire
and the NASA-TLX workload assessment [4].

3 Results & Discussion
We conducted repeated-measures ANOVAs for all analyses of quan-
titative data and reported effect sizes (𝜂2) for all statistically signifi-
cant results. For non-parametric questionnaire data, we used the
Friedman test, along with Kendall’s coefficient of concordance (𝑊 )
to report effect sizes. We also filtered the data by method to examine
the effect of different tasks on performance. For methods with two
tasks (sub-levels), we conducted t-tests and reported Cohen’s 𝑑 as
the effect size.

3.1 Task Completion Time
An ANOVA revealed a significant effect of method on task com-
pletion time (𝐹3,11 = 11.28, 𝑝 < .0001, 𝜂2 = 0.04). Post hoc Tukey-
Kramer analysis identified two distinct groups: {Directional Flick}
and {Tap, Wrist Gesture, Force-Based}, with the directional flick

Figure 2: Average task completion time with ±1 standard
deviation. Red asterisks indicate significant differences.

method being significantly faster than the others. Fig. 2 illustrates
the average task completion time across the four methods.

3.1.1 Tap. A paired samples t-test revealed a significant effect of
task on task completion time (𝑡 = 21.08, df = 239, 𝑝 < .0001, 𝑑 =

1.36). Long tap took 78% longer to perform than regular tap (Fig. 3a),
which is expected given its inherently slower design.

3.1.2 Directional Flick. An ANOVA found no significant effect
of flick direction on task completion time (𝐹3,11 = 0.05, 𝑝 = .98),
suggesting that flick direction had no impact on performance speed.
In fact, flicks in all directions took approximately 1.8 seconds to
complete (Fig. 3b).

3.1.3 Wrist Gesture. A paired samples t-test found no significant
effect of twist direction on task completion time (𝑡 = −0.81, df =
239, 𝑝 = 0.42). Participants took approximately 2.5 seconds to per-
form wrist twists in both the up and down directions (Fig. 3c).

3.1.4 Force-Based. AnANOVA revealed a significant effect of force
level on task completion time (𝐹2,11 = 26.04, 𝑝 < .0001, 𝜂2 = 0.13).
Post hoc Tukey-Kramer analysis identified two distinct groups:
{Soft, Regular} and {Hard}, with the hard press taking significantly
longer to perform than the other levels. Participants were 28% faster
with soft force and 13% faster with regular force compared to hard
force (Fig. 3d).

3.2 Error Rate
An ANOVA also revealed a significant effect of input method on
error rate (𝐹3,11 = 28.93, 𝑝 < .0001, 𝜂2 = 0.08). The Tukey-Kramer
test identified two distinct groups: {Force-Based} and {Tap, Direc-
tional Flick, Wrist Gesture}, with the force-based method resulting
in significantly higher error rates than the other methods. Fig. 4
shows the average error rate across all four methods.

3.2.1 Tap. Participants made no errors when performing tap and
long tap (Fig. 5a), most likely due to their familiarity with these
actions from regular use on various touchscreen-based devices.

3.2.2 Directional Flick. An ANOVA revealed a significant effect
of direction on the error rate of directional flicks (𝐹3,11 = 3.06, 𝑝 <

.05, 𝜂2 = 0.02). Post hoc Duncan’s test identified three distinct
groups: {Down, Up}, {Right}, and {Left}, with Down and Up being
the least error-prone, and Left being the most error-prone (Fig. 5b).



Evaluating Tap, Flick, Force, and Wrist Gestures for Interacting with Vertical Displays via Smartwatch PETRA ’25, June 25–27, 2025, Corfu Island, Greece

(a) Tap (b) Directional Flick (c) Wrist Gesture (d) Force-Based

Figure 3: Average task completion time for each task within each method. Red asterisks indicate statistically significant
differences. Error bars represent ±1 standard deviation.

Figure 4: Average error rate with ±1 standard deviation. Red
asterisks indicate significant differences.

This may be attributed to the fact that all participants were right-
handed. Interestingly, however, these errors did not impact the
overall task completion time for the Left direction.

3.2.3 Wrist Gesture. A paired samples t-test revealed a significant
effect of twist direction on error rate (𝑡 = 3.52, df = 239, 𝑝 <

0.001, 𝑑 = 0.23). Although overall error rates were low (below 1.0),
participants made 75% more errors when twisting the wrist away
from the body compared to toward the body (Fig. 5c). This is likely
due to wrist physiology, which makes inward twisting easier. In
addition, wristwatch users commonly perform this inward motion
to check the time, contributing to greater familiarity.

3.2.4 Force-Based. AnANOVA revealed a significant effect of force
level on error rate (𝐹2,11 = 3.69, 𝑝 < .05, 𝜂2 = 0.06). Post hoc Tukey-
Kramer analysis identified three distinct groups: {Soft}, {Regular},
and {Hard}, with Soft and Hard being significantly different from
each other. Surprisingly, the Regular force level resulted in a much
higher error rate–55% higher than Soft and 67% higher than Hard
(Fig. 5d). Post-study comments suggest this may be due to having
difficulty maintaining a consistent force at the Regular level.

3.3 Usability
A Friedman test identified a significant effect of method on per-
ceived speed (𝜒2 = 8.41, 𝑝 < .05,𝑊 = 0.23), perceived accuracy
(𝜒2 = 22.43, 𝑝 < .0001,𝑊 = 0.62), intuitiveness (𝜒2 = 8.66, 𝑝 <

.05,𝑊 = 0.24), naturalness (𝜒2 = 15.91, 𝑝 < .001,𝑊 = 0.44), ease of
use (𝜒2 = 24.09, 𝑝 < .0001,𝑊 = 0.67), learnability (𝜒2 = 12.18, 𝑝 <

.01,𝑊 = 0.34), and willingness to use (𝜒2 = 21.32, 𝑝 < .0001,𝑊 =

0.59). Since all results yielded medium (𝑊 = 0.3) to large (𝑊 = 0.5)
[2], it is likely that the findings will generalize to a larger sample.
Fig. 6 presents the average user ratings across all aspects.

Results indicate that participants found directional flicks compa-
rable to taps across all evaluated aspects. In contrast, wrist gestures
received the lowest ratings overall. Interestingly and somewhat un-
expectedly, the force-based method was perceived moderately well,
showing comparable ratings for speed, intuitiveness, and learnabil-
ity compared to taps and directional flicks.

3.4 Perceived Workload
A Friedman test identified a significant effect of method on mental
demand (𝜒2 = 15.32, 𝑝 < .005,𝑊 = 0.42), physical demand (𝜒2 =

15.50, 𝑝 < .005,𝑊 = 0.43), temporal demand (𝜒2 = 18.13, 𝑝 <

.0005,𝑊 = 0.50), performance (𝜒2 = 15.39, 𝑝 < .005,𝑊 = 0.43),
effort (𝜒2 = 22.25, 𝑝 < .0001,𝑊 = 0.62), and frustration (𝜒2 =

15.87, 𝑝 < .005,𝑊 = 0.44). Similar to the usability, all workload
ratings yielded medium to large Kendall’s𝑊 , suggesting that the
findings are likely to generalize to a larger sample. Fig. 7 presents
average user ratings for all workload aspects.

As anticipated, tap was rated as the most effortless and least
frustrating, closely followed by directional flicks. In contrast, par-
ticipants found the wrist gesture to be the most demanding, lowest
in performance, and most frustrating, followed by the force-based
method. Although wrist gestures were generally rated poorly in
terms of perceived workload, some participants (𝑁 = 4) rated them
comparably to tap. One participant (female, 42 years) even preferred
it over the other methods, stating, “The wrist gesture is the most
desirable one, since it doesn’t need the other hand [to] tap the watch.”

4 Implications & Conclusion
The results highlight directional flicks as a strong alternative to tra-
ditional tap-based interactions on smartwatches. Task completion
times for directional flicks were nearly equivalent to taps, both aver-
aging between 1.5 and 2 seconds. Flicks also resulted in the lowest
error rate after taps, and participants rated them as nearly as usable
and effortless. Unlike tap-based interactions, which require precise
target selection (e.g., tapping buttons or icons), directional flicks can
be performed anywhere on the screen. This makes them especially
promising for improving accessibility for individuals with motor
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(a) Tap (b) Directional Flick (c) Wrist Gesture (d) Force-Based

Figure 5: Average error rate for each task within each method. Red asterisks indicate statistically significant differences. Error
bars represent ±1 standard deviation.

Figure 6: Average user ratings on a 5-point scale. Error bars
show ±1 SD. Red asterisks indicate statistical significance.

Figure 7: Average Raw NASA-TLX ratings A 20-point scale.
Error bars show ±1 SD. Red asterisks indicate indicate statis-
tical significance.

impairments. Supporting this, prior research has demonstrated the
success of gesture-based input on larger devices like tablets [3, 5].

Interestingly, the force-based method performed better than an-
ticipated. It was rated higher in usability and lower in perceived
task load than wrist gestures. Although we expected it to perform
poorly due to the challenge of applying consistent pressure, partic-
ipants quickly adapted to the force thresholds. This is encouraging,
as prior studies have shown that force input can also reduce the
need for precise targeting by allowing users to select very small
targets through force variation [7].

In contrast, the wrist gesture method did not perform as well
as expected. It had the slowest task completion time, lower usabil-
ity ratings, and higher perceived workload. These outcomes are
likely influenced by the physical limitations of wrist movement.
However, it was more accurate than the force-based method, and
participants did not express disinterest in using it. In fact, some
noted an initial learning curve but reported improvement over time.
One participant (male, 24 years) commented, “It was a little difficult
at first, but I got used to it.” Another participant (female, 42 years)
found wrist gestures to be the most desirable method, as they could
be performed using just one hand. This one-handed interaction
model may be especially valuable for users withmotor or situational
impairments [8], such as when the other hand is occupied.

These findings point to promising alternatives to tap-based inter-
actions on smartwatches for improving accessibility and supporting
more flexible, one-handed use.
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