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ABSTRACT

We use simple stickers on a wooden board to create ubiquitous
touch interaction. Resonant frequencies make the board vibrate,
creating tactile feedback when touching the stickers. In an exper-
iment, we used stickers of three sizes to create Resonant Sticker
Buttons and varied the delay of the feedback. Both size and feed-
back delay influenced the perceived weight of the buttons. While
higher latencies result in a heavier perceived button, larger button
sizes result in lighter perceived buttons and perceived feedback
strength, and vice versa. Our findings suggest that touch interfaces
with buttons of varying sizes, weights, and vibration strengths can
be created on everyday surfaces, such as tables, by simply using
stickers and speakers.

CCS CONCEPTS

« Human-centered computing — Human computer interac-
tion (HCI); Empirical studies in HCI; Interaction design.
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1 INTRODUCTION

The availability of embedded sensors and actuators allows for in-
tegrating them into everyday surfaces and paves the way for the
ubiquitous access of computers [42]. Touch is the dominant way
we interact with interactive surfaces, and haptic feedback has been
shown to improve the usability of touch interaction [5]. While
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augmented reality (AR) technologies, such as head-mounted dis-
plays, can support the interaction with everyday surfaces by visual
and auditory feedback, the question of how to integrate haptics in
ubiquitous computing and AR remains unclear.

As it is not practical to embed haptic actuators into everyday sur-
faces, it has been shown that using sound, in particular resonance
frequencies, can bring a surface in vibration and, thus, provide it
with vibrotactile touch feedback [22, 44, 48]. Using a simple speaker,
commonly found in most households [24], can bring a surface vi-
brating in resonance frequencies. However, although design guide-
lines for vibrotactile feedback are well-known for devices, such as
tablets, smartphones, and controllers, designing haptic feedback
for vibrating everyday surfaces has not been explored in detail
yet [30]. Simply adapting existing design guidelines is moreover
often not possible [26, 39]. For example, specific frame rates or
system latencies of resonance frequency-induced feedback have to
be considered [21].

Thus, resonance frequency-induced haptic feedback, a practical
solution for everyday surface interaction, needs further investi-
gation. Making everyday surfaces vibrate at resonant frequencies
when widgets (like our Resonant Sticker Buttons) placed on them
are touched can create and enrich haptic feedback for interactions
with these surfaces. This haptic feedback could be used when equip-
ping everyday objects with additional actuators is impossible. Thus,
Resonant Sticker Buttons could, in theory, be stuck on tables and
surfaces, making them a ubiquitous user interface. Further, it could
be combined with AR or VR applications to create a wide range
of possible applications with an immersive user experience. Thus,
Resonant Sticker Buttons can augment everyday surfaces with vir-
tual keyboards and buttons using, e.g., AR glasses, which provide
vibrotactile feedback for virtual input elements of different weights.

The buttons and keys of an interface usually differ in size. For
example, the <enter> key is usually larger than the keys of digits
and letters. Moreover, keys and buttons can differ in weight, which
refers to the force needed to press a key or button. While this
weight is a matter of material and hardware choice for physical
buttons, digital buttons’ weight can be modified through the delay
of vibrotactile feedback induced by touch [16]. Furthermore, the
size of an object influences its perceived weight [10, 27].
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To better understand how Resonant Sticker Buttons can turn
an everyday surface into a usable touch interface, we explored the
impact of latency and size of Resonant Sticker Buttons. Thus, we
run an experiment by placing stickers of three sizes that simulate
buttons on a wooden board, which is brought into vibration using
resonance frequency in seven latencies. Our study showed that
latencies and button sizes influence the perceived button weight
when being touched. The larger the button, the lower the perceived
weight, and vice versa. In addition, we identified changes in weight
perception induced by different latencies. 38 ms and 58 ms were
perceived as significantly lighter, 118 ms, 138 ms, and 158 ms as
significantly heavier than other latencies. Our results demonstrate
how vibrotactile buttons of different weights and feedback strengths
can be created using stickers and a speaker. This contributes to a
richer and better usable ubiquitous calm computer interaction [42,
43] while keeping the setup simple.

2 RELATED WORK

This paper investigates whether a button’s weight perception is in-
fluenced by a feedback delay and/or the button’s size using buttons
that are stuck onto everyday surfaces and brought into vibration us-
ing resonance frequencies. Therefore, we have reviewed (1) touch
interactions on everywhere displays and (2) weight illusions in
general, as there is little research on weight illusions for buttons.

2.1 Everywhere Touch Displays and Haptic
Feedback

In the 1990s, Weiser envisioned the ideas of ubiquitous and calm
computing imagining computers would be everywhere around us
but interwoven into the fabric of everyday life objects and are
indistinguishable from it [42, 43].

Concerning the vision of ubiquitous computing, Pinhanez pro-
posed the concept of everywhere displays where surfaces can be
transformed into a graphical interface [30]. Besides their advantages
and profound use cases, designing haptic feedback for such displays
was stated to be challenging and underexplored [30]. Examples of
investigations where everyday life objects (furniture) were used as
displays or interfaces are lllumiRoom and InForm [9, 14]. InForm
is a table with actuated pins to physically display 3D information.
While InForm’s approach created promising feedback possibilities,
it created much noise and did not follow the calm computing con-
cept regarding Weiser. IllumiRoom uses a projector to augment a
TV, displaying images on the wall and everyday objects around
the TV. Thus, everyday objects can be visually animated to create
the illusion of vibrations. However, llumiRoom does not provide
haptic feedback, as these objects are out of the user’s reach.

Haptic feedback for hands-free interactions using AR or VR tech-
nology has been explored. Lopes et al. investigated if electrotactile
stimuli can induce feedback in users’ hands when interacting with
AR interfaces placed on everyday objects [25]. Speicher et al. inves-
tigated pseudo-haptics to provide feedback for hands-free mid-air
interactions on VR user interfaces [36]. While both approaches ex-
plored promising ways to provide feedback for everywhere displays,
they did not research the possible influence of varying parameters
like feedback latency or object size on object or widget perception,
which is our research scope.
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Ishii et al. explored surfaces that could change their shape and,
by this, create different haptic sensations directly through the ev-
eryday object [13]. While they found such shape chain interfaces
to be promising candidates for future interactions, they did not
investigate the creation of haptic feedback on it despite the detec-
tion of perceiving different shapes. Besides, there are also works
using resonant frequency to create haptic sensations on every-
day objects [44, 48]. Piezoelectric actuators were used to create
a working abstraction of a haptic feedback system inducing the
stiffness of an object [48]. The piezoelectric actuator yielded bet-
ter efficiency if it had a resonant frequency. Further, the resonant
frequency was used for prototyping a haptic feedback assistive
device for visually-impaired drivers [44]. A haptic device was built
with pins of different diameters, lengths, and resonant frequencies
ordered in a square layout. The pins were connected to the voice
coil of a speaker. Slight differences in the pins’ structure created a
high-resolution haptic display.

A similar approach was used by Kurzweg et al. [21]. They ex-
plored how vibrotactile feedback can be provided on touch inter-
actions with everyday surfaces when neither the environment nor
the users can be equipped with additional hardware like actuators.
As a solution, they created haptic illusions using only auditory
and visual stimuli. Haptic illusions were also used to influence the
perception of object properties like stiffness on rigid surfaces [46].
Therefore, different textures were projected onto a rigid surface and
deformed visually. In addition, electrotactile stimuli were presented
at the index finger’s fingertip.

There is also research about the assignment of haptic feedback
for touch interactions to objects stuck on everyday surfaces [22].
Different parameters that might influence the assignment were
investigated, like the duration of the feedback, sound, and latency.
It was shown that latency does not affect the feedback assignment.
Nevertheless, it was not investigated if the latency impacted the
perceived weight or resistance of the touched graphical object.

All these works investigated haptic feedback when interacting
with everyday surfaces. However, no previous work explored the
possibility of changing the perceived weight of touched widgets or
objects relying on weight illusion.

While other important haptic sensations can influence the per-
ception of a button, like its texture [2, 35], in this work, we investi-
gate weight property.

2.2 Weight Illusion

Weight illusions have become a common way to create the percep-
tion of weight easily or quickly change weight perceptions when
interacting with objects for different technologies, without the need
to change the object or its weight. A physical object’s weight is
mostly determined by its density and volume and, thus, dependent
on its material and/or size. When creating weight illusions, one of
these parameters is mostly manipulated.

One of the most established methods to influence weight sensa-
tions is using the C/D ratio manipulation [23]. C/D ratio means that
there is a change in the relationship between users’ controls and
what they receive as visual feedback on a display, i.e., a discrepancy
between the real and virtual movement gains of an interactor. Es-
pecially in virtual reality (VR) applications, it can easily be used to
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make an object appear heavier or lighter than it is [32, 33]. If users
lift a physical cube in real life while lifting a virtual representation
of that cube in VR, the perceived weight of the physical cube can
be influenced by the virtual cube’s elevation. Users perceive the
cube as heavier, the lower the virtual cube was lifted compared to
the real one [33]. Such effects were also found for pseudo-haptics,
and extended by findings stating that the position and the range
in which the object was moved influenced the perception of the
weight [18]. Such a method is normally used on VR systems, as this
is the ideal technology to create a discrepancy between real hand
and virtual hand movement. Furthermore, weight illusions have
been applied to other technologies, like robotic teleoperation [31]
and tablets [41].

The size-weight illusion is another common approach to ma-
nipulating weight perception. It is based on modifying the visual
size of the handled object. Thus, the object’s weight is perceived
as heavier if the visual representation is smaller and vice versa.
This illusion was investigated in AR [10], VR [27], and human-
robot interaction [34]. Maehigashi et al. additionally explored the
size-weight illusion with brightness-weight and material-weight
illusions[27]. They found that, in contrast to the results obtained
in real life, darker and heavier-looking materials were considered
heavier in VR.

Another possible method to influence the perceived weight vi-
sually is to superimpose a movable object inside a physical prop,
like a rolling ball or a liquid [19, 47]. Keller et al. showed that vir-
tual objects manipulated on a tabletop interaction device could be
augmented to provide an illusionary weight [19]. This was done by
measuring the pressure applied with the fingers manipulating the
superimposed object. Yamada et al. investigated the influence of
the physical characteristics of virtual collision sound, such as the
size and weight of the movable object. It was found that the weight
perception changes according to the virtual collision sound [47].

The concept we rely on in this work is to alter the latency be-
tween a touch interaction, like pressing a button, and the resulting
feedback that can be perceived at the fingertip. Kaaresoja et al. ex-
plored that a higher latency results in the perception that a button
felt heavier when pressed on a tablet [16]. As most phenomena
mentioned require special technologies, we can technically adapt
this approach to everywhere surfaces stimulated with a resonant
frequency. While Kaaresoja et al. always investigated the same
button sizes, most interfaces or input technologies, have buttons of
different sizes. Thus, we vary that parameter in the work presented
here.

2.3 Summary

Designing haptic feedback for everywhere displays is challenging
and yet underexplored. Previous research started to investigate
some haptic sensations, but there are still research gaps that have
not yet been explored, like the perceived weight of widgets in
touch interactions. If weight was investigated as an object property,
mostly only one possible modality to vary the weight was con-
sidered. In fact, while the combination of modalities can increase
perceived feedback [7, 40], it is not always the case [46]. Further,
the results for inducing weight differ depending on the technology
used [26]. While research on weight and texture sensations using
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haptic technologies like gloves has been done [8, 29], our approach
focuses on hands-free explorations without reducing the tactile
sensation of the fingertips. Therefore, it remains unclear how ex-
isting findings can be transferred to everywhere displays and how
the weight of a pressed widget is perceived when two phenomena
(latency and size) are combined.

3 RESONANT STICKER BUTTON
IMPLEMENTATION

In this work, we aim to investigate the impact of different feedback
latencies and button sizes on the perceived weight of a button and,
thus, its better suitability for everyday surfaces and calm computing.
Three thin wooden boards represented an everyday wooden
surface, such as those found on tables, shelves, or cupboards. These
wooden boards were identical in thickness (1 mm), size (26 cm x 53.5
cm), shape (rectangular), and material (chipboards). The wooden
boards were placed over a loudspeaker to vibrate at a resonant
frequency, producing perceptible vibrotactile feedback.

Resonant Frequency

Resonance frequencies are the frequencies at which an object, in
this case, the wooden boards, vibrates at its maximum amplitude
when stimulated by an external vibration, like sound. The boards’
resonance frequency depends on their size, thickness, and material.
The resonance frequency increases as the board thickness increases,
requiring more energy to excite it. More energy means a higher
frequency and a louder sound, which could be disruptive. Achieving
high mobility (a stronger expression of vibration) without requiring
high energy is desirable because it creates a pleasant haptic sensa-
tion and aligns with the concept of calm computing [43]. Therefore,
the thinnest available board was chosen.

To determine the resonant frequency of the wooden boards, we
struck them with a hammer and measured the impulse response
using a piezoelectric sensor, as described in previous research [22].
The boards were stimulated at the same determined resonant fre-
quency for all latencies in the experiment, resulting in consistent
perceived haptic feedback.

Latencies

The study followed the methodology of Kaaresoja et al., using
latencies in 20 ms intervals, beginning at 38ms up to a maximum
latency of 158 ms [16]. We could not start at a latency of 18 ms,
as in the work of Kaaresoja et al., due to the system’s latency. In
fact, we measured a latency of 35 ms for the round-trip latency of
the analog-digital and digital-analog conversion of the computer,
along with the additional external audio interface and connected
Arduino. Without the external audio interface, we measured an
even higher system’s latency of (98 ms). Thus, we had to begin
at the next possible latency value, which was 38 ms [16]. This
limitation emphasizes that phenomena cannot be easily applied to
other applications, technologies, or systems. To set up the desired
latencies for the study, we used a synthesizer program to adjust the
system latency by adding the differences between the latencies of
prior work and our system latency.
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Figure 1: Three different button size representations were
used in the study with 10 mm, 20 mm, and 30 mm diameters
from left to right. The distance between the center points
was 8 cm for all button sizes.

speaker

Figure 2: Overview of the prototype. A) wooden board with
two stickers. B) The back of the board is covered with copper
tape in the same position as the buttons. C) Speaker hidden
underneath the table.

Buttons Sizes

The latencies were used to determine the perceivable haptic feed-
back after touching the stickers representing buttons on the wooden
boards across all conditions. The buttons were kept as neutral as
possible and, therefore, are round and colored solid black. The sizes
of the buttons were based on the dimensions of computer key-
board keys, which have an average size of 1.8 to 1.9cm, which we
rounded up to the next higher natural number of 2 cm. We then
adjusted the size by decreasing and increasing it by 1 c¢m, resulting
in button sizes of 1 ¢m, 2 cm, and 3 cm diameter, see Figure 1. This
linear increment was chosen due to Steven’s power law and is also
perceived as linear in visual feedback [37]. This is important to
consider when examining the possible size-weight illusion [23, 34].
The center point of all three button sizes was placed at the same
spot but on a separate wooden board. This ensures consistent haptic
feedback across all boards since they are identical and have the
same measured resonant frequency The distance between the two
center points was 8 cm.

Feedback Creation

The resonant frequency stimulates the entire board when played,
allowing the vibration to be felt wherever the board is touched. To
provide haptic feedback only when the button stickers are pressed,
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we utilized an Arduino and the additional ’CapacitiveSensor’ li-
brary. The capacitive sensors were placed on the back of the board
at the same position as the buttons. The sensors were made of a
copper cable affixed with copper tape. This approach ensures the
natural surface appearance and haptic feedback [22, 30]. When the
Arduino detects a touch, it sends a signal to the computer, which
activates the speaker and plays the resonant frequency. Using a
speaker makes the approach more scalable as it can stimulate the
wooden board or other surfaces from any position. This reduces
the number of additional actuators needed and keeps the envi-
ronment “calm” [43]. While the main idea is to play the resonant
frequency using infrasound so it can’t be heard, this is impossible
with commonly available speakers. Thus, we positioned the speaker
2cm directly beneath the wooden boards to minimize the volume
needed when playing the audible resonant frequency. Higher vol-
umes could have been disruptive during the study, and we wanted
participants to fully concentrate on the perceived feedback without
any distractions. To achieve this, we additionally utilized noise-
canceling headphones and played white noise.

4 METHOD

We aimed to explore whether different latencies and different button
sizes influence the perceived weight of a touched button placed
on an everyday life surface. Therefore, we explored the research
question: Does a feedback delay and/or the size of a button on an
everyday surface influence the perception of the button feedback
when being touched?

4.1 Experiment Design

As our goal was to explore if different variables can influence the
perceived weight of a button, we tested different latencies, between
the button is being touched and the perceived feedback, and differ-
ent button sizes within our study.

Independent Variables. We designed a controlled experiment with
a 7x3 within-subjects design. The independent variables are DELAY
(38 ms, 58 ms, 78 ms, 98 ms, 118 ms, 138 ms, 158 ms) and BUTTONSIZE
(1 c¢m, 2 cm, 3 cm). Using Gauss summations, the seven delays led to
28 conditions [3]. These conditions were counterbalanced using a
Latin square design [4]. In addition, all 28 conditions were presented
on three boards with different button sizes but in another order.
These three boards were also counterbalanced using another Latin
square, like it was done in other research [45].

Dependent Variables. In our experiment, we used the same depen-
dent variables as in the work of Kaaresoja et al. [16]. The depen-
dent variables are PERCEIVEDWEIGHT (to figure out if a button is
perceived lighter or heavier compared to another one), and WEIGH-
TASSIGNMENT (exploring which button (latency) is perceived as
the lightest and which button is perceived as the heaviest). Further,
we investigated PLEASENTNESS (as a measurement for the pleas-
antness of the interaction and the perceived feedback), coMFORT
(aiming to explore the comfort level of the interaction and the per-
ceived feedback), REALISM (to figure out how realistic the feedback
was perceived), and CONFIDENCE (exploring the confidence of the
participants in their answers).

!https://www.arduino.cc/reference/en/libraries/capacitivesensor/
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In addition, we had the dependent variable QUALITATIVEFEED-
BACK (to possibly better understand our quantitative and qualitative
results).

4.2 Measurements

We utilized a magnitude estimation method to measure the PER-
CEIVEDWEIGHT. Therefore, two buttons were provided to the par-
ticipants in a vertical alignment on the wooden boards. The upper
button served as a reference, while the lower button was to be
judged in relation to the reference. In each round, the latency of
the reference button was altered, and each latency was compared
to the others [16]. For the weight judgment, the participants were
instructed to use numbers between 0 and 100 for their answers.

For measuring the WEIGHTASSIGNMENT, the participants had to
touch all seven different latency buttons again, and afterward, they
had to judge which of the seven was perceived as lightest and as
heaviest [16]. The participants first had to determine the lightest or
the heaviest, and before determining the opposite one, they touched
all seven buttons again. This was due to the fact the participants
were able to focus on one characteristic at once, which would ease
the process.

For further exploration of the perceived weight of the button, we
asked the participants for the PLEASENTNESS, COMFORT, REALISM,
and coNFIDENCE of the felt haptic feedback. Therefore, we used the
same single-item questions, as done by the inspirational work [16].
Following the aforementioned work, this resulted in the following
questions:

(1) How pleasant was the interaction with the button?

(2) How comfortable was the interaction with the button?

(3) How realistic was the interaction with the button?

(4) How confident are you in the interaction with the button?

All answers had to be answered on a 7-items Likert scale (1 - not
at all, 7 - totally.

Afterward, to investigate the QUALITATIVEFEEDBACK, we asked
following question:

(1) Do you have any feedback regarding the interaction with
the different buttons and the perceived weight?

4.3 Participants

We recruited 28 participants (6 who identified themselves as female,
22 who identified themselves as male) aged 21 to 38 years with an
average of 26.07 years (SD = 3.59). The participants were recruited
via mailing lists from different scientific areas and professions.

4.4 Apparatus

We used a Laptop, 17 10750H/2,6 GHz, 16 GB RAM, RTX 3070, and
an external Behringer UMC22 sound card for our apparatus. Via
the audio software Waveform, we played the resonant frequency of
the wooden board, created latencies, and generated the white noise
that was used for masking the sound of the resonant frequency.
Noise-canceling headphones (Sony WH-1000XM4) covered fre-
quencies not masked by the white noise. Both methods, either used
alone or in combination, are commonly employed to mask sounds
and frequencies [12, 17, 20, 28]. We applied both methods to en-
sure that all external sounds were masked. The wooden boards
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Figure 3: Participant touching the bottom button during the
study.

were 1 mm thick, providing adequate vibrations even with lower-
volume sounds. All boards were identical and produced the same
haptic feedback at the same locations. This was important to be
able to compare the different BuTTONSI1ZES. To ensure that the vi-
brational behavior of each board remained unaffected, they were
placed on four small wooden cubes with felt pieces on the bottom.
The speaker was hidden underneath the two cardboard boxes on
which the boards were placed. On top of each board, two black
round-shaped stickers were placed in the middle of the wooden
boards in a vertical line at the points where the participants had to
touch the board to receive the haptic feedback, see Figure 3. These
locations were consistent on all three wooden boards and related
to the center of the different-sized buttons. The capacitive touch
contact is recognized only when the buttons are touched and not
at other parts of the wooden boards when adjusting the size of the
conductive area. The speaker (JBL Charge 4) was directly placed un-
der the wooden board with a distance of 3cm and could not be seen
because, in front, it was covered by black fabric. While the white
noise and the sound of the fly were played via the headphones, the
speaker was used to excite the board with its resonant frequency.

4.5 Task & Procedure

The experiment was conducted as a lab study. First, the participants
were introduced to the study’s purpose and then asked to agree to
a consent form. They were informed that participation in the study
was voluntary and that taking a break was possible. After filling in
a demographic questionnaire, participants started with the study.

In each condition, the participants wore noise-canceling head-
phones and touched the graphical buttons with their right index
finger, which let them perceive feedback according to the experi-
mental conditions. In each round, the participants started with the
weight assignment. For the WEIGHTASSIGNMENT, the participants
could press the buttons as often as they wanted. No time limitation
was given. After the weight assignment for all 28 comparisons,
the participants judged which button was lightest and which was
heaviest. The single-item questions were answered in the following,
followed by the qualitative feedback. After exploring and answer-
ing all conditions and questionnaires for one button size, the next
button size was presented to the participants using another board.
We had prepared three boards, one per button size. The procedure
was the same for all three different button sizes, resulting in 84
trials in total for the WEIGHTASSIGNMENT.

Overall, the participation in the study lasted 45 minutes. The
participants were informed that participation was voluntary and
that the study could be interrupted at any time.
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Figure 4: Overview of all three buttons and their estimated
perceived weight for each latency. The perceived weight val-
ues had to be normalized as they were gained by magnitude
estimation, and all participants judged the weight in relation
to a reference value that could be chosen freely.

5 RESULTS

We first analyzed our quantitative data to learn how the different
DELAY (38 ms, 58 ms, 78 ms, 98 ms, 118 ms, 138 ms, 158 ms) and
BUTTONSIZE (1 cm, 2 cm, 3 cm) conditions affected the PERCEIVED-
WEIGHT, WEIGHTASSIGNMENT, PLEASENTNESS, COMFORT, REALISM,
and coNFIDENCE of the feedback. Subsequently, we analyzed the
qualitative data to better understand our quantitative results.

5.1 Quantitative Results

For analyzing the quantitative results of the PERCEIVEDWEIGHT,
we used an ANOVA to identify significant differences. The wEeIGH-
TASSIGNMENT was analyzed with two different statistical tests. The
analysis of the WEIGHTASSIGNMENT results for the LATENCY was
made using a Cochran Q-test and a post-hoc McNemar test to com-
pare which latency was chosen more often as lightest or heaviest
and which was not across all buttons. This will end in a frequency
distribution with a binary outcome (Yes/No). The different button
sizes were analyzed using the Friedman test to identify significant
differences, as we here investigate the distribution of the different
latencies to the individual buttons. A post-hoc analysis was con-
ducted using Wilcoxon signed-rank tests. The quantitative results
of PLEASANTNESS, COMFORT, REALISM, and CONFIDENCE were an-
alyzed using Friedman tests to identify significant differences. A
post-hoc analysis with Wilcoxon Signed-Rank tests was conducted
with a Bonferroni correction applied for the p-value, resulting in
a significance level of 0.0024 for the latencies and 0.016 for the
different button sizes.

5.1.1 Perceived Weight. We first had to normalize the results of
the PERCEIVEDWEIGHT to make them comparable and be able to
perform a statistical analysis. For the normalized estimated weights
for DELAY, the results indicated a significant positive correlation,
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suggesting that higher delays lead to heavier perceived buttons
(r(2350) = .468, p < .001). For the BUTTONSIZE, the results showed
no significant correlation (r(2350) = .023, p = .270). An ANOVA re-
vealed statistical significant differences for the variable PERCEIVED-
WEIGHT regarding DELAY (F(g, 2331) = 110.011, p < .001) and BUT-
TONSIZE (F(3 2331) = 3.575, p = .028); see Figure 4. Further, no
interaction effects could be found.

Post-hoc pairwise comparison (performed with Tukey-test) re-
vealed significant differences between all compared delays, with the
higher value always perceived with a significantly higher weight
except between 38 ms and 58 ms; see Appendix Table 1. In ad-
dition, the post-hoc comparison indicated a significantly higher
PERCEIVEDWEIGHT for the 20 mm button compared to the 10 mm
button (p = .020); see Appendix Table 2.
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Fig. 5: Up: The number of choaitceggyfor each latency that has been
chosen to be perceived as the heaviest one. Down: The number of
choices for each latency that has been chosen to be perceived as
the lightest one. Both sides are also showing the choices split into
each single button size.

5.1.2  Weight Assignment. A Cochran Q-test indicated significant
differences between the seven latencies, regarding which latency
was perceived as the heaviest (y?(6) = 44.3, p < .0001) and which
was perceived as the lightest (y2(6) = 83.7, p < .0001). Post-hoc
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comparisons using a pairwise McNemar test revealed that the la-
tency 158 ms was perceived as statistically significantly heavier
compared to the latencies 38 ms, 58 ms, 78 ms, and 98 ms. Further,
the latencies 118 ms and 138 ms were perceived as statistically sig-
nificantly heavier than the latency 38 ms, see Appendix Table 3
and Figure 6, left. Regarding the assignment of which latency was
perceived as the lightest, post-hoc comparisons using a pairwise
McNemar test revealed that the latencies 38 ms and 58 ms were per-
ceived as statistically significantly lighter compared to the latencies
98 ms, 118 ms, 138 ms, and 158 ms. Additionally, the latency 78 ms
was perceived as statistically significantly lighter than the latencies
118 ms and 138 ms, see Appendix Table 4 and Figure 6, right.

[ — ———

Latencies
Latencies
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581 TER= = ‘
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10 20 30 10 20 30
ButtonSizes ButtonSizes

Fig. 6 Representation of which latencies were mainly perceived
as the heaviest (left) and as the lightest (right) for the different
button sizes.

Friedman tests revealed significant differences in the button sizes
for the perception of the heaviest button (y?(2) = 13.31, p = 0.001)
as well as for the perception of the lightest button (y?(2) = 14.44,
p < .001).

Post-hoc comparisons using Wilcoxon Signed-Rank tests indi-
cated that statistically significantly another range of latencies was
perceived as heavier for the button with 10 mm diameter compared
to the buttons with 20 mm (p < .001) and 30 mm (p = 0.0034)
diameter, see Figure 6, left and Appendix Table 5. Further, post-hoc
comparisons using Wilcoxon Signed-Rank tests indicated that sta-
tistically significantly another range of latencies was perceived as
lighter for the button with 30 mm diameter compared to the button
with 20 mm (p = 0.0028) diameter, see Figure 6, right and Appendix
Table 6.

Pleasantness
Pleasantness

10 20 30 38 58 78 98 18 138 158
ButtonSizes Latency

Fig. 7 Box plot representing the results for the question “How
pleasant was the interaction with the button?". Top: The results
are separated by the different button sizes. Bottom: The results are
separated by the different latencies.

5.1.3 Pleasantness. For pleasantness, a Friedman test revealed a
statistically significant difference for the different BUTTONSIZES
(x%(2) = 132.67, p < .001) and for the different LATENCIES (% (6) =
40.103, p < .001).

Post-hoc comparisons using Wilcoxon Signed-Rank tests indi-
cated statistically significantly higher pleasantness for the buttons
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with 20 mm and 30 mm diameter compared to the button with 10
mm diameter, see Figure 7 & ?? left and Appendix Table 7. Fur-
ther, the post-hoc tests showed a statistically significant higher
pleasantness for the latencies 38 mm and 58 mm compared to the
latencies 138 mm and 158 mm. In addition, 38 mm was perceived
with a statistically significant higher pleasantness than 118 mm, see
Figure 7 right and Appendix Table 8.

5.1.4 Comfort. For the perceived comfort when interacting with
the buttons, a Friedman test revealed a statistically significant dif-
ference for the different BUTTONSIZES (x%(2) = 52.631, p < .001)
and for the different LATENCIES (y%(6) = 48.636, p < .001).

—
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ButtonSizes Latency

Fig. 8 Box plot representing the results for the question “How

comfortable was the interaction with the button?”. Left: The results

are separated by the different button sizes. Right: The results are
separated by the different latencies.

Post-hoc comparisons using Wilcoxon Signed-Rank tests indi-
cated statistically significantly higher comfort for the buttons with
20 mm and 30 mm diameter compared to the button with 10 mm
diameter, see Figure 8 left and Appendix Table 9. Additionally, the
post-hoc tests showed a statistically significant higher comfort for
the latencies 38 mm, 58 mm, and 98 mm compared to the latency 138
mm. Further, 38 mm and 58 mm were perceived with a statistically
significant higher comfort than 158 mm and 38 mm compared to
118 mm, see 8 right and Appendix Table 10.

5.1.5 Realism.

-
—
. .
- SH l
10 20 30 58 ¢ 11 3

ButtonSizes Latency

Realism
Realism

Fig. 9 Box plot representing the results for the question “How
realistic was the interaction with the button?". Left: The results
are separated by the different button sizes. Right: The results are
separated by the different latencies.

A Friedman test revealed a statistically significant difference
for the different BUTTONSIZES (¥?(2) = 29.891, p < .001) and for
the different LATENCIES (y?(6) = 51.213, p < .001), regarding the
perceived realism when interacting with the buttons.

Post-hoc comparisons using Wilcoxon Signed-Rank tests showed
a statistically significantly higher realism for the buttons 20 mm
and 30 mm compared to the button 10 mm, see Figure 9 left and
Appendix Table 11. Further, the post-hoc tests showed a statisti-
cally significant higher realism for the latencies 38 mm, 58 mm, 78
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mm, and 98 mm compared to the latency 158 mm and for 38 mm
compared to 138 mm, see Figure 9 right and Appendix Table 12.

5.1.6  Confidence. For the confidence in the interaction with the
buttons, a Friedman test revealed a statistically significant difference
for the different BUTTONSIZES (y%(2) = 24.104, p < .001) and for
the different LATENCIES (y?(6) = 53.469, p < .001).

R —_—
—_ —_—
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Confidence
Confidence

10 20 30 % 58 78 98 118 138 158

ButtonSizes Latency

Fig. 10 Box plot representing the results for the question "How
confident are you in the interaction with the button?". Left: The
results are separated by the different button sizes. Right: The results
are separated by the different latencies.

Post-hoc comparisons using Wilcoxon Signed-Rank tests showed
significantly higher confidence in the buttons 20 mm and 30 mm
compared to the button 10 mm, see Figure 10 left and Appendix
Table 13. For the different latencies, the post-hoc tests showed
significant higher confidence in the buttons with 38 mm, 58 mm, 78
mm, and 98 mm latency compared to the buttons with the latencies
138 mm and 158 mm, see Figure 10 right and Appendix Table 14.

5.2 Qualitative Results

The qualitative data were coded using Grounded Theory [38]. Axial
and selective coding was applied, building categories according to
the questions that asked for positive or negative perceived aspects
of a system [38]. Two researchers did the coding independently of
each other and discussed their results afterward to develop common
codes. That procedure aims to gain explanations for our quantitative
findings through qualitative analysis. The qualitative results are
separated into answers related to the different button sizes and the
different latencies. The question was answered at the end of each
button size. We gained a total of 110 answers that were split into 82
answers related to the button sizes and 28 answers related to the
latencies.

5.2.1 Button Sizes. Of the 82 answers given concerning the dif-
ferent button sizes, 31 were given for the button with a 10 mm
diameter. In these 31 answers, the participants mentioned that the
10 mm button was the most uncomfortable of all three buttons (15
out of 31 answers), was perceived as heavier in comparison to the
other two buttons (9 out of 31 answers), and the perceived feedback
felt stronger in comparison to the other two buttons (7 out of 31
answers):

o The buttons felt very similar. I found that the buttons were
harder to operate and felt heavier (Participant 7)

o Felt heavier than the other buttons — haptic feedback felt
stronger than with the other buttons (Participant 27)

Further, we gained 23 answers regarding the 30 mm button size.
In contrast to the 10 mm button, the 30 mm button was perceived
as pleasant (11 out of 23 answers). The 30 mm was perceived as the
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lightest of all buttons (6 out of 23 answers), and the feedback of the
button was rated as the weakest of all three buttons (6 out of 23
answers):

o The surface area of the buttons was larger, but the feedback
felt weaker and the buttons lighter (Participant 11)

o I generally felt the buttons had weaker feedback (Participant
3)

Finally, 28 of the 82 responses on button sizes referred to the
button size of 20 mm. Also, here, the participants mentioned three
different topics regarding the feedback on the 20 mm button. 14 out
of the 28 answered that the perceived feedback was very comfort-
able, and additionally, the feedback was well perceivable and not
too strong or weak (9 out of 28 answers). Further, the participants
mentioned that the 20 mm button was the best out of all three tested
buttons (5 out of 28 answers).

e With a few exceptions, the feedback was good and felt pleas-
ant and overall the best (Participant 4)

o I found it much easier to identify clear differences between
the two buttons presented at the same time, and I would
say that, on average, I have much more confidence in the
buttons (Participant 14)

5.2.2 Latencies. Regarding the different LATENCIES, we gained a
total of 28 answers. In 20 out of the 28 answers, the participants
mentioned, across all button sizes, most of the time, it was hard to
differentiate between the latencies:

o The delays were often very difficult to distinguish from one
another (Participant 1, 10 mm)

o It was difficult to recognize different vibrations between the
individual sequences (Participant 10, 30 mm)

Related to the fact that most latencies are hard to differentiate,
in 8 out of 28 answers, the participants mentioned that the different
latencies felt more like three different weight areas that could be
differentiated. This was only the case for the buttons with 20 mm
and 30 mm diameter:

e Relaxed operation difficult to recognize which should be
stronger. Rather, three ranges and, therefore, rare differences
(Participant 16, 30 mm)

o Feltlike a real button Only big difference in latency was really
noticeable; it felt like about three different levels (participant
17, 20 mm)

6 DISCUSSION

Aiming to explore if we can influence the perceived weight of a
graphical button placed on an everyday-life object, we investigated
different LATENCIES and BUTTONSIZES. In addition, we aimed to
figure out possible differences or similarities in the influence of
latencies compared to previous research on a tablet [16]. Our re-
sults indicate that both the delay of the perceptible feedback and
the different button sizes can influence the perceived weight of
the touched button. The results also suggest as an additional in-
sight that the perceived weight and the perceived strength of the
feedback seem to depend on the same factors. We lastly regard the
limitations of our design and implementation and how these might
be addressed by future research.
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6.1 Latencies

Just like on tablets [16], we found different latencies being able
to induce different weight percepts for graphical buttons on an
everyday surface when being touched. Even if we could not inves-
tigate latencies under 38 ms because of the setup where we created
the feedback through resonant frequency, we still identified three
areas of weight perception. While latencies of 38 ms and 58 ms are
perceived as significantly lighter compared to others, latencies of
118 ms, 138 ms, and 158 ms are perceived as significantly heavier
compared to others; see Section 5. These findings are also consis-
tent with the knowledge from other work and models about when
latencies are perceived at all in different interactions, where 50
ms and 100 ms are essential boundaries where the perception of
latencies changes [6, 15].

Conversely, the three areas of perceived weight are different
for the light perceived latencies compared to previous work [16].
This is not only because we could not provide the same latencies
but also because 58 ms is perceived as "light" in our results, which
was not the case on the tablet. Further, we found more significant
differences for the PERCEIVEDWEIGHT compared to the results on
the tablet [16]. We found more often significant differences for
latencies right next to each other compared to previous work; see
Table 1. This was the case for all latencies except for the two lowest
latencies that are under or directly at the boundary where latencies
can be noticed.

The differences in the results could be due to the interaction
with different devices on the one hand and the different latencies
presented on the other. Furthermore, we did not examine "con-
ventional” buttons but kept them neutral in appearance. We also
extended the design by examining three different sizes, all of which
have an influence and can lead to a different overall result than just
one button size. However, we were able to reconstruct and extend
existing findings and gain insights for interaction designs on every-
day surfaces in terms of providing weights for touch interactions.

6.2 Button Sizes

As an extension to the inspirational work [16], we also investigated
the potential influence of different button sizes on the perceived
weight of the button for touch interactions. Even if it is not much,
research exists on the size-weight illusion. When it has been stud-
ied, it was mainly for objects being held in the hand [23]. In addi-
tion, technologies requiring head-mounted displays (HMDs) mainly
were used, such as AR [10] or VR [27]. In our work, we used the
size-weight illusion for interactions on everywhere displays. Our
results indicated that the size of the touched button can influence
the button’s perceived weight. The results suggest that larger but-
ton sizes are perceived as lighter and vice versa. This can also be
seen in the participants’ feedback, mentioning the largest button
size (30 mm) as the lightest of all touched button sizes and the
smallest (10 mm) as the heaviest. Further, our results show that the
button size should be large enough not to be covered by the user’s
finger when touched. Users cannot judge the perceived weight or
differentiate between the latencies if this is the case. This was the
case for the smallest button (10 mm). This is in line with research
on touchscreens investigating, for example, a non-detectable offset
of the mouse cursor so that it is still visible on touch interactions.
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Covering the mouse cursor or widget that the user wants to interact
with lowers the user experience [1, 11].

As an additional insight, the qualitative results suggest that the
size impacts the button’s perceived weight and the vibrational
feedback’s perceived strength, which, in our work, is provided by
resonance frequency. The perception is similar in the way that a
larger button size leads to the perception of weaker feedback and
vice versa.

6.3 Interplay of Size and Latency

Even with different sizes, the latencies are still perceived differently.
However, there is already a shift in that the gradient is lower with
larger buttons. However, this is only a first impression and cannot
yet be fully verified by the results. This is because "only" 3 different
sizes have been tested so far, of which the smallest did not work well.
However, a tendency can be recognized by the quantitative results,
which are confirmed and reinforced by the qualitative feedback.
This means that a large variety of perceived weight can be conveyed
via the size in combination with the latency. In addition, the results
suggest that the size also influences the perceived strength of the
feedback. In combination, this also contributes to further design
possibilities for interfaces on everyday objects.

6.4 Design Recommendations

Our results indicated that buttons/stickers used on everywhere
displays should have at least a size that they will not be covered
by users’ fingers during the touch interactions. Consequently, the
smallest button size in our study (10 mm) was judged significantly
worse than the other two button sizes, and it was also difficult to
perceive the different latencies. Therefore, we recommend using
a button size with a minimum of 20 mm diameter. Further, our
results show that different button sizes lead to different weight
perceptions of the buttons. Larger-sized buttons will be perceived
as lighter and vice versa. As a result, we recommend using different
button sizes for interfaces on everywhere displays, just if different
weights should be perceived. The same can be seen for the different
latencies. Higher latencies between touching a button/sticker on an
everywhere display will create the illusion of a higher button weight
and vice versa. Our results suggest that there are three different
areas of weight perception for the latencies. Latencies until a value
of 58 ms are likely judged as light, and latencies from 118 ms and
above are considered heavy. In between, it can be understood as
“neutral”. With both latencies and button sizes, we can create the
perception of different button weights. As an additional insight,
the qualitative results indicate that the button sizes influence the
perceived weight of a touched button/sticker and its perceived
feedback strength. In this case, the strength of the feedback is
similar to the perceived weight, as larger button sizes lead to weaker
perceived feedback and vice versa.

6.5 Limitations & Future Work

While this work investigated vibrotactile feedback created through
vibrating wooden boards, interacting with graphical objects on
everyday surfaces might sometimes be challenging using this tech-
nology. Only if surfaces are thin, a conventional speaker can vibrate
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38 ms 58 ms 78 ms 98 ms 118 ms 138 ms 158 ms
38 ms - 0.6238 <.001 <.001 <.001 <.001 <.001
58 ms - - 0.0280 <.001 <.001 <.001 <.001
78 ms - - - 0.0210 <.001 <.001 <.001
98 ms - - - - <.001 <.001 <.001
118 ms - - - - - <.001 <.001
138 ms - - - - - - <.001

Table 1: Comparison to previous findings for the perceived weight of touched buttons on a tablet. The boldly marked entries
are significant differences that were not found on the tablet but on an everyday surface.

it using sound. Otherwise, it could be combined with other tech-
nologies like AR. With such an approach, the vibration of objects
could be created using vision and sound, which can lead to an
illusion of vibration that can be realistically felt [21].

7 CONCLUSION

This work explores whether latency between touching a graphical
button of different sizes influences its perceived weight. If this is
the case, it can help to understand how to design interfaces on
everyday life surfaces and for everywhere displays. This can help
to design and build calm interfaces that contribute to ubiquitous
computing, especially by stimulating the surfaces in a scalable
way with common technology like a speaker. This would also be
important in cases where haptic feedback technology is not feasible.
For our investigation, we placed three different graphical buttons
of different sizes on different wooden boars, representing a wooden
everyday surface. These boards were completely identical and were
placed above a common speaker that let the wooden boards vibrate
using resonant frequencies. Also, we used different latencies that
were used in previous research on other technologies. Our results
lead to the following design recommendations: (1) The size of a
graphical button should be larger than 10 mm and reach a size that
the button is not covered by the finger when being touched. (2) A
larger button size leads to a lighter perceived button and vice versa.
(3) Frequencies until 58 ms are perceived as light. (4) Frequencies
equal to or larger than 118 ms are perceived as heavy. We were able
to extend previous findings on touch-based interface design and
transfer them to the use for everywhere displays. We also proved
that just a minimum of additional hardware is needed to create
feedback sensations, like inducing different button weights.
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A APPENDIX

Sample 1(S1) Sample 2 (S2) Mean (S1) Mean (S2) Cohen’s d (effect-size) p-value
38ms 58ms 0.057 0.076 -0.03 0.6238
38ms 78ms 0.057 0.102 -0.09 <.001
38ms 98ms 0.057 0.124 -0.14 <.001
38ms 118ms 0.057 0.151 -0.19 <.001
38ms 138ms 0.057 0.176 -0.24 <.001
38ms 158ms 0.057 0.205 -0.30 <.001
58ms 78ms 0.076 0.102 -0.06 0.0280
58ms 98ms 0.076 0.124 -0.13 <.001
58ms 118ms 0.076 0.151 -0.20 <.001
58ms 138ms 0.076 0.176 -0.27 <.001
58ms 158ms 0.076 0.205 -0.35 <.001
78ms 98ms 0.102 0.124 -0.07 0.0210
78ms 118ms 0.102 0.151 -0.15 <.001
78ms 138ms 0.102 0.176 -0.23 <.001
78ms 158ms 0.102 0.205 -0.32 <.001
98ms 118ms 0.124 0.151 -0.09 <.001
98ms 138ms 0.124 0.176 -0.18 <.001
98ms 158ms 0.124 0.205 -0.28 <.001
118ms 138ms 0.151 0.176 -0.10 <.001
118ms 158ms 0.151 0.205 -0.21 <.001
138ms 158ms 0.176 0.205 -0.12 <.001

Table 1: Results of the wEIGHTASSIGNMENT for the different LATENCIES analyzed with an ANOVA and a post-hoc Tukey test.
Significant results are printed in bold.

Sample 1(S1) Sample 2 (S2) Mean (S1) Mean (S2) Cohen’s d (effect-size) p-value
10mm 20mm mean mean -0.04 0.0207
10mm 30mm mean mean -0.02 0.4258
20mm 30mm mean mean 0.02 0.3279

Table 2: Results of the WwEIGHTASSIGNMENT for the different BUTTONSIZES analyzed with an ANOVA and a post-hoc Tukey test.
Significant results are printed in bold.
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Sample 1(S1) Sample 2 (S2) Cohen’s g (effect-size) p-value

38ms 58ms 0.346 1
38ms 78ms 0.318 1
38ms 98ms 0.365 0.956
38ms 118ms 0.334 0.003
38ms 138ms 0.387 0.005
38ms 158ms 0.312 <.001
58ms 78ms 0.377 1
58ms 98ms 0.398 1
58ms 118ms 0.318 0.344
58ms 138ms 0.334 0.519
58ms 158ms 0.387 0.010
78ms 98ms 0.388 1
78ms 118ms 0.376 0.167
78ms 138ms 0.365 0.258
78ms 158ms 0.315 0.004
98ms 118ms 0.354 1
98ms 138ms 0.371 1
98ms 158ms 0.396 0.044
118ms 138ms 0.369 1
118ms 158ms 0.392 1
138ms 158ms 0.394 1

Table 3: Results of the PERCEIVEDWEIGHT for the different LATENCIES analyzed with Cochran-Q test an post-hoc McNemar
tests. The results represent which latency was perceived as the heaviest more often than the others. Significant results are
printed in bold.

Sample 1(S1) Sample 2 (S2) Cohen’s g (effect-size) p-value
38ms 58ms 0.365 1
38ms 78ms 0.372 0.182
38ms 98ms 0.361 <.001
38ms 118ms 0.354 <.001
38ms 138ms 0.351 <.001
38ms 158ms 0.331 <.001
58ms 78ms 0.397 1
58ms 98ms 0.367 0.016
58ms 118ms 0.369 <.001
58ms 138ms 0.368 <.001
58ms 158ms 0.344 <.001
78ms 98ms 0.390 1
78ms 118ms 0.391 0.041
78ms 138ms 0.397 0.041
78ms 158ms 0.342 0.321
98ms 118ms 0.359 1
98ms 138ms 0.367 1
98ms 158ms 0.365 1
118ms 138ms 0.364 1
118ms 158ms 0.354 1
138ms 158ms 0.358 1

Table 4: Results of the PERCEIVEDWEIGHT for the different LATENCIES analyzed with Cochran-Q test an post-hoc McNemar
tests. The results represent which latency was perceived as the lightest more often than the others. Significant results are
printed in bold.
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Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value
10mm 20mm 98 / 59.30 138/ 29.65 -1.978 <.001
10mm 30mm 98 / 59.30 138/ 29.65 -1.690 0.003
20mm 30mm 138 / 29.65 138 / 29.65 -0.956 0.097

Table 5: Results of the PERCEIVEDWEIGHT for the different BUTTONSIZES showing which latencies were perceived as the
heaviest. The results were analyzed with a Friedman test and post-hoc Wilcoxon-Signed Rank tests. A Bonferroni correction
for the significance level led to an () of 0.016. Significant results smaller than the corrected « are printed in bold.

Sample 1(S1) Sample 2 (S2) Median (S1) / Mad Median (S2) / Mad r (effect-size)  p-value
10mm 20mm 58 /29.65 58 /29.65 -0.813 0.158
10mm 30mm 58 /29.65 78 / 29.65 -1.389 0.017
20mm 30mm 58/ 29.65 78/ 29.65 -1.725 0.002

Table 6: Results of the PERCEIVEDWEIGHT for the different BurTONSIZES showing which latencies were perceived as the lightest.
The results were analyzed with a Friedman test and post-hoc Wilcoxon-Signed Rank tests. A Bonferroni correction for the
significance level led to an () of 0.016. Significant results smaller than the corrected « are printed in bold.

Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value
10mm 20mm 4/1.48 5/1.48 -5.332 <.001
10mm 30mm 4/1.48 5/1.48 -5.399 <.001
20mm 30mm 5/1.48 5/1.48 -0.318 0.580

Table 7: Results of the PLEASANTNESS for the different BuTTONSI1ZES. The results were analyzed with a Friedman test and
post-hoc Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an («) of 0.016. Significant results
smaller than the corrected « are printed in bold.

Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value
38ms 58ms 5/1.48 5/1.48 -0.204 0.3489
38ms 78ms 5/1.48 5/1.48 -0.282 0.1963
38ms 98ms 5/1.48 5/1.48 -0.466 0.0324
38ms 118ms 5/1.48 5/1.48 -0.681 0.0018
38ms 138ms 5/1.48 5/1.48 -0.789 <.001
38ms 158ms 5/148 4/1.48 -0.902 <.001
58ms 78ms 5/1.48 5/1.48 -0.051 0.8142
58ms 98ms 5/1.48 5/1.48 -0.176 0.4189
58ms 118ms 5/1.48 5/1.48 -0.487 0.0254
58ms 138ms 5/1.48 5/1.48 -0.684 0.0016
58ms 158ms 5/1.48 4/1.48 -0.852 <.001
78ms 98ms 5/1.48 5/1.48 -0.153 0.4821
78ms 118ms 5/1.48 5/1.48 -0.372 0.0878
78ms 138ms 5/1.48 5/1.48 -0.550 0.0117
78ms 158ms 5/1.48 4/1.48 -0.656 0.0026
98ms 118ms 5/1.48 5/1.48 -0.270 0.2153
98ms 138ms 5/1.48 5/1.48 -0.509 0.0196
98ms 158ms 5/1.48 4/148 -0.623 0.0043
118ms 138ms 5/1.48 5/1.48 -0.260 0.2328
118ms 158ms 5/1.48 4/148 -0.557 0.0106
138ms 158ms 5/1.48 4/1.48 -0.301 0.1668

Table 8: Results of the PLEASANTNESS for the different LATENCIES. The results were analyzed with a Friedman test and post-hoc
Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an (@) of 0.0024. Significant results smaller
than the corrected « are printed in bold.
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Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value
10mm 20mm 4/1.48 5/1.48 -3.631 <.001
10mm 30mm 4/1.48 5/1.48 -3.536 <.001
20mm 30mm 5/1.48 5/1.48 -0.501 0.384

Table 9: Results of the ComroRT for the different BuTTONSIZES. The results were analyzed with a Friedman test and post-hoc
Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an () of 0.016. Significant results smaller
than the corrected « are printed in bold.

Sample 1(S1) Sample 2 (S2) Median (S1) / Mad Median (S2) / Mad r (effect-size)  p-value
38ms 58ms 5/1.48 5/1.48 -0.471 0.0308
38ms 78ms 5/1.48 5/1.48 -0.474 0.0297
38ms 98ms 5/1.48 5/1.48 -0.579 0.008
38ms 118ms 5/148 5/1.48 -0.803 <.001
38ms 138ms 5/1.48 4/1.48 -1.004 <.001
38ms 158ms 5/1.48 4/1.48 -0.898 <.001
58ms 78ms 5/1.48 5/1.48 -0.069 0.7592
58ms 98ms 5/1.48 5/1.48 -0.085 0.6963
58ms 118ms 5/1.48 5/1.48 -0.432 0.0477
58ms 138ms 5/1.48 4/1.48 -0.737 <.001
58ms 158ms 5/1.48 4/1.48 -0.730 <.001
78ms 98ms 5/1.48 5/1.48 -0.047 0.8285
78ms 118ms 5/1.48 5/1.48 -0.293 0.179
78ms 138ms 5/1.48 4/1.48 -0.591 0.0067
78ms 158ms 5/1.48 4/1.48 -0.571 0.0088
98ms 118ms 5/1.48 5/1.48 -0.323 0.1387
98ms 138ms 5/1.48 4/1.48 -0.734 <.001
98ms 158ms 5/1.48 4/1.48 -0.637 0.0035
118ms 138ms 5/1.48 4/1.48 -0.447 0.0405
118ms 158ms 5/1.48 4/1.48 -0.449 0.0393
138ms 158ms 5/1.48 4/1.48 -0.129 0.5535

Table 10: Results of the ComrorT for the different LATENCIES. The results were analyzed with a Friedman test and post-hoc
Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an (@) of 0.0024. Significant results smaller
than the corrected « are printed in bold.

Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value
10mm 20mm 4/1.48 5/1.48 -2.798 <.001
10mm 30mm 4/1.48 5/1.48 -2.416 <.001
20mm 30mm 5/1.48 5/1.48 -0.772 0.180

Table 11: Results of the REavLisMm for the different BUTTONSIZES. The results were analyzed with a Friedman test and post-hoc
Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an (@) of 0.016. Significant results smaller
than the corrected « are printed in bold.
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Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value
38ms 58ms 5/1.48 5/1.48 -0.208 0.3387
38ms 78ms 5/1.48 5/1.48 -0.271 0.2131
38ms 98ms 5/1.48 5/1.48 -0.376 0.0846
38ms 118ms 5/1.48 4.5/0.74 -0.649 0.0029
38ms 138ms 5/1.48 4/1.48 -0.875 <.001
38ms 158ms 5/1.48 4/1.48 -0.963 <.001
58ms 78ms 5/1.48 5/1.48 -0.063 0.7702
58ms 98ms 5/1.48 5/1.48 -0.018 0.934
58ms 118ms 5/1.48 4.5/0.74 -0.440 0.0436
58ms 138ms 5/1.48 4/1.48 -0.657 0.0026
58ms 158ms 5/1.48 4/1.48 -0.856 <.001
78ms 98ms 5/1.48 5/1.48 -0.007 0.9717
78ms 118ms 5/1.48 4.5/0.74 -0.392 0.0721
78ms 138ms 5/1.48 4/148 -0.589 0.0069
78ms 158ms 5/1.48 4/1.48 -0.814 <.001
98ms 118ms 5/1.48 4.5/0.74 -0.455 0.0371
98ms 138ms 5/1.48 4/1.48 -0.634 0.0037
98ms 158ms 5/1.48 4/1.48 -0.806 <.001
118ms 138ms 4.5/0.74 4/1.48 -0.328 0.1319
118ms 158ms 45/0.74 4/148 -0.534 0.0142
138ms 158ms 4/1.48 4/1.48 -0.375 0.0853

Table 12: Results of the REaLisMm for the different LATENCIES. The results were analyzed with a Friedman test and post-hoc
Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an (@) of 0.0024. Significant results smaller

than the corrected « are printed in bold.

Sample 1(S1) Sample 2 (S2) Median (S1) / Mad Median (S2) / Mad r (effect-size)  p-value
10mm 20mm 4/1.48 5/1.48 -2.815 <.001
10mm 30mm 4/1.48 5/1.48 -2.533 <.001
20mm 30mm 5/1.48 5/1.48 -0.566 0.326

Table 13: Results of the CoNFIDENCE for the different BuTTONS1ZES. The results were analyzed with a Friedman test and
post-hoc Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an () of 0.016. Significant results
smaller than the corrected « are printed in bold.
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Sample 1(S1) Sample 2(S2) Median (S1)/Mad Median (S2) / Mad r (effect-size)  p-value

38ms 58ms 5/1.48 5/1.48 -0.113 0.6016
38ms 78ms 5/1.48 5/1.48 -0.093 0.6699
38ms 98ms 5/1.48 5/1.48 -0.164 0.4498
38ms 118ms 5/1.48 4.5/2.22 -0.485 0.0260
38ms 138ms 5/1.48 4/1.48 -0.722 <.001
38ms 158ms 5/1.48 4/1.48 -0.794 <.001
58ms 78ms 5/1.48 5/1.48 -0.024 0.9092
58ms 98ms 5/1.48 5/1.48 -0.026 0.9032
58ms 118ms 5/1.48 4.5/2.22 -0.4446 0.0410
58ms 138ms 5/1.48 4/1.48 -0.744 <.001
58ms 158ms 5/1.48 4/1.48 -0.935 <.001
78ms 98ms 5/1.48 5/1.48 -0.071 0.7421
78ms 118ms 5/1.48 4.5/2.22 -0.389 0.0744
78ms 138ms 5/1.48 4/1.48 -0.700 0.0013
78ms 158ms 5/1.48 4/1.48 -0.742 <.001
98ms 118ms 5/1.48 4.5/2.22 -0.372 0.0882
98ms 138ms 5/1.48 4/1.48 -0.742 <.001
98ms 158ms 5/1.48 4/1.48 -0.839 <.001
118ms 138ms 4.5/ 2.22 4/1.48 -0.417 0.0556
118ms 158ms 4.5/2.22 4/1.48 -0.602 0.0058
138ms 158ms 4/1.48 4/1.48 -0.293 0.1781

Table 14: Results of the CONFIDENCE for the different LATENCIES. The results were analyzed with a Friedman test and post-hoc
Wilcoxon-Signed Rank tests. A Bonferroni correction for the significance level led to an (@) of 0.0024. Significant results smaller
than the corrected « are printed in bold.



	Abstract
	1 Introduction
	2 Related Work
	2.1 Everywhere Touch Displays and Haptic Feedback
	2.2 Weight Illusion
	2.3 Summary

	3 Resonant Sticker Button Implementation
	4 Method
	4.1 Experiment Design
	4.2 Measurements
	4.3 Participants
	4.4 Apparatus
	4.5 Task & Procedure

	5 Results
	5.1 Quantitative Results
	5.2 Qualitative Results

	6 Discussion
	6.1 Latencies
	6.2 Button Sizes
	6.3 Interplay of Size and Latency
	6.4 Design Recommendations
	6.5 Limitations & Future Work

	7 Conclusion
	Acknowledgments
	References
	A Appendix

