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ABSTRACT

Wearable devices have evolved towards intrinsic human aug-
mentation, unlocking the human skin as an interface for seam-
less interaction. However, the non-traditional form factor of
these on-skin interfaces, as well as the gestural interactions
performed on them may raise concerns for public wear. These
perceptions will influence whether a new form of technology
will eventually be accepted, or rejected by society. Therefore,
it is essential for researchers to consider the societal implica-
tions of device design. In this paper, we investigate the third
person perceptions of a user’s interactions with an on-skin
touch sensor. Specifically, we examine social perceptions to-
wards the placement of the on-skin interface in different body
locations, as well as gestural interactions performed on the
device. The study was conducted in the United States and
Taiwan to examine cross-cultural attitudes towards device
usage. The results of this structured examination offer insight
into the design of on-skin interfaces for public use.
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1 INTRODUCTION

Sensor device miniaturization has enabled technology to
move directly onto the skin surface. These on-skin inter-
faces offer enhanced applications ranging from healthcare
[1], beauty technology [25], and virtual and augmented real-
ity [2] to everyday user interaction. The wearable computing
community has developed on-skin interfaces using inexpen-
sive materials and user-friendly fabrication processes to bring
on-skin interfaces out of advanced laboratories and into daily
life. However, the challenges of such on-skin systems lie
not only in the technical implementation. As these on-skin
interfaces will become an indelible part of the wearer’s ap-
pearance, designing for social acceptance, is vital for their
eventual public wear. In the use case of designing an on-skin
touch sensor (i.e., input device), factors for consideration in-
clude the placement of the interface, as well as the wearer’s
gestural interaction with the device. It is crucial to design for
social acceptability to integrate such systems into daily life.
Due to the nascent nature of on-skin interfaces, little re-
search has been conducted to understand their social accept-
ability. However, from commercialization and research ef-
forts in other wearable form factors such as accessories and
e-textiles, the importance of understanding social conven-
tion for designing wearable systems is evident [7, 14, 20, 21].
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Fully-functional and high-performing devices have been aban-
doned since their appearance was not considered [7].

While previous studies have explored first-person percep-
tions towards various gesture control techniques [16, 22],
limited research has explored third-person (i.e., social) per-
ceptions towards a user’s interactions with a wearable system
[20, 21]. Profita et al. [20] conducted a survey study to under-
stand social perceptions towards an e-textile system and Rico
et al. [21] investigated perceptions towards mobile device
gestures, but none have ventured into the realms of on-skin
interfaces. To this end, we developed an on-skin touch sensor
called SkinSwipe, which we used to conduct two evaluations:
the first exploring perceptions towards on-skin interface place-
ment, and the second on gestural interactions on the skin.
These research questions were conducted to understand the
acceptable locations for long-term wear of the system, due
to the direct manipulation the occurs on the body surface.
Specifically, touch interaction can trigger socially sensitive
perceptions, with variable differences across cultures. For
example, as discussed by Edward Hall [10] in his seminal
research on proxemics, people from different cultures have
varying viewpoints towards one’s acceptable personal space.
In the United States (US), it is not uncommon to see couples
touching or holding hands in public. However, in some East
Asian countries, this is less socially acceptable. To investi-
gate cultural differences towards interacting with an on-skin
interface, we conducted the study in both the US and Taiwan.

Our research aims to contribute one of the first studies
examining social perceptions towards on-skin interfaces. We
aim to answer the following research questions:

e What are the third-party perceptions towards the place-
ment of an on-skin touch sensor?

e What are the third-party perceptions towards the gesture
interaction performed on an on-skin touch sensor?

e What are the cultural differences towards the percep-
tions above for users in the US versus Taiwan?

2 BACKGROUND AND RELATED WORK
Social Acceptability of Wearable Technology

Social acceptability refers to how one presents oneself in or-
der to be accepted by the society she is forced to disseminate
into [9]. Clothing, as well as anything worn on the body, is
often subject to others’ viewpoints due to its visibility. What
is deemed "acceptable" also varies across cultures and scenar-
ios, as each social group may hold different value systems.
Wearable computing systems offer body-borne functionalities
which often come in new form factors. These novel forms can
become subject to others’ viewpoints in daily wear. Histori-
cally, social acceptability has been an important factor in the
adoption or rejection of wearable devices. A notable exam-
ple is the Sony Walkman, which was the first portable music
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player when introduced in 1979. The novel form factor was
embraced due to a savvy marking strategy with young models
cultivating the consumer attitude that it was a fashionable
item to wear [6].

While there is limited research on social perceptions to-
wards wearable technology per se, many research investiga-
tions have acknowledged the importance of social acceptance
for device adoption [13, 24]. Guidelines on designing for
wearability have identified social perceptions as a critical fac-
tor for device adoption [8, 31]. In e-textiles, Profita et al. [20]
investigated social perceptions towards a textile touch sensor.
Pinstripe [13], also an e-textiles project, found that people
rejected certain areas for device placement based on social rea-
sons. Toney et al. defined "social weight" [24] as the degree to
which interacting with a device would hurt social interaction.
Dunne et al. [7] emphasized the aesthetics of a device to be an
important aspect of social communication. Specific to mobile
device interactions, Ronkainen et al. [22] investigated a user’s
willingness to utilize a tap gesture for interaction. Our work
seeks to extend research in social acceptability to emerging
on-skin interfaces.

Impact of Cultural Norms on Wearable Tech Usage

Cultural norms play an important role in shaping one’s visual
perception. Cultural context [5] can often drive the physical
appearance of an object. Moreover, since normative behavior
is not identical across all cultures, perceptions towards tech-
nology may also vary. Campbell [4] investigated the social
acceptance of talking on a mobile phone in a public setting in
the US, Taiwan, Japan, and Sweden. While it was universally
found to be less appropriate to talk in settings requiring collec-
tive attention, Taiwanese and Japanese participants were more
tolerant of mobile phones when used in the classroom. Profita
et al. [20] investigated cross-cultural perceptions towards an
e-textile input device. Participants from the US and South
Korea found a shared affinity for body locations of the wrist
and forearm. However, there was less gender difference in
South Korean participant’s attitudes towards the location of
the gestures. These studies highlight how cultural differences
contribute to wearable technology use. We build on these
studies to extend cultural investigations to on-skin interfaces.

On-Skin Interfaces

On-skin devices render the user’s body as an always-available
surface for input, output, and communication. Material sci-
ence research from Roger’s group on epidermal electronics
have demonstrated fully integrated electronics that match the
properties of skin [15]. However, these advanced capabilities
entail high cost and manufacturing challenges, limiting them
to advanced laboratories. To open access to broader popu-
lations, the human-computer interaction and wearable com-
munities have explored low-cost, user-friendly fabrication
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Swipe

Figure 1: The swipe gesture performed on the SkinSwipe (This
image was modified from [12]).

processes to create on-skin interfaces for everyday applica-
tions. iSkin [27] is a silicone based skin overlay for touch
input. Skintillates [18] screen prints conductive silver ink on
temporary tattoo paper to create on-skin devices. Tacttoo [30]
delivers electro-tactile output thorough a thin and feel-through
tattoo paper on the user’s skin. DuoSkin [12] uses gold leaf to
create input, output and communication devices for the skin.
SkinMarks [29] screen prints on-skin I/O devices conformal
to skin landmarks. However, current research has revolved
around the technical development of these devices, with little
to no investigation on third person social perceptions, which
this research seeks to contribute.

3 SURVEY STUDY METHODOLOGY

This study investigates social perceptions towards interacting
with an on-skin interface. Participants are asked to view a
series of videos of the user interacting with the SkinSwipe
system at seven on-body locations (Figure 2(a)). The online
study was deployed in the US and Taiwan to uncover country-
specific attitudes towards on-skin gestural interactions. While
there are significant advantages in conducting an in-lab study,
we choose to conduct an online survey as this format has
the effect of reaching broader populations [19] for specific
lines of research. The survey format also allowed us to depict
the device interactions in a public, yet controlled setting. We
choose to film the participants in a conference room, where
two users casually bump into each other at the end of a meet-
ing and start a brief conversation. The SkinSwipe system is
presented as an input device that is wirelessly connected to
one’s mobile phone. Through a swipe gesture, SkinSwipe can
be used to silence an incoming phone call. Participants viewed
video clips of a male and a female actor who are native born
to each country, and speak the primary language. This study
was approved by the Institutional Review Board of Cornell
University (IRB No.: 1903008656).

Hardware

The implementation of the SkinSwipe device draws from the
on-skin interface fabrication process developed by Kao et
al. [12]. The fabrication process takes advantage of the key
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material of gold metal leaf, which is patterned onto thin sili-
cone, and then encapsulated and applied directly onto the skin.
The fabrication process enabled us to pattern traces which
can support multiple types of one-handed gesture interactions
(e.g., tap, swipe). We choose the swipe gesture as it is the
most commonly supported gesture in current on-skin inter-
face research [11, 12, 27, 29]. In our pilot study, participants
also expressed a preference for swipe gestures in an on-skin
context. The interdigitated touch electrodes (Figure 1) are
connected to a capacitive touch controller, which filters all
raw data.

Body Placement of SkinSwipe

We considered a wide range of on-body locations for the
placement of SkinSwipe. We based this on a review of ap-
propriate body locations based on literature in on-body and
on-skin input [13, 26, 28]. We also considered wearability
factors literature in identifying suitable body placement of
technology [8, 17, 31]. We also looked into anthropology lit-
erature on tattoo body art [23] to understand common body
locations for placing tattoos. Based on this literature survey
and group discussions, we landed on seven on-skin locations
(outer forearm (OF), inner forearm (IF), back of hand which
will be described as hand (HD) for readability in the rest of
this paper, arm (AM), collarbone, (CB), ear (ER), and back
of neck (BN)) as indicated by Figure 2(a). Locations were
chosen based on existing locations for conducting on-skin
touch input in existing research [28], donning existing wear-
able devices (e.g., smartwatch worn on the wrist, earpods
worn in the ear), and also tattoo body art (e.g., the arm is
popular tattoo location). We selected locations that are not
prone to be covered entirely by clothing or can be exposed by
adjusting clothing (e.g., moving up the sleeve to expose the
arm). Locations in the lower body were not considered since
they were not reachable by arm’s distance, and are prone to
be covered by clothing.

Survey Videos

Our survey videos depicted male and female actors interact-
ing with SkinSwipe at seven different on-skin locations (outer
forearm (OF), inner forearm (IF), hand (HD), arm (AM), col-
larbone, (CB), ear (ER), and back of neck (BN)). A button
press on an iPhone was also filmed and rated by participants
to serve as the baseline score of what is currently considered
socially acceptable. All locations (7+baseline) were filmed
on both male and female actors. There were two sets of ac-
tors, one from the US and one from Taiwan. Participants
were shown videos with actors from their country. In total,
this resulted in 32 video interactions. The videos were shot
both from a distance (2 meters) to capture the entire scene,
and also as a closeup (30 centimeters) focusing on the swipe
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Inner forearm Outer forearm

Back of hand

(a) Placement (b) Screenshot

Figure 2: (a) Seven on-skin locations and (b) one sample
screenshot captured from the video illustrating a US male
actor swiping the on-skin device attached on his outer forearm
to turn off the ringtone.

gesture. The clips were edited as such when the swipe ges-
ture occurred on the distanced clip; it would simultaneously
show the closeup clip in the bottom corner window (Figure
2(b)). After playing the edited distanced clip (15-20 seconds),
the closeup clip would loop individually for one time (3-5
seconds).

We set the video scenario in a conference room where
the two actors bump into each other after the meeting. They
engage in small-talk, and the conversation is interrupted by
one party receiving a phone call. The actor silenced the call
by swiping on the SkinSwipe device. The actors wore a dark-
colored shirt with jeans. We choose a dark color for the actor’s
garment since it had neutral connotations in both countries.

Study Protocol

The study consists of five parts, (1) a study introduction,
(2) a qualifying survey question, (3) the on-skin interface
perception study, (4) a summary questionnaire, and (5) a
demographic questionnaire. The survey took 40-50 minutes
to complete. After the brief study introduction, participants
first completed a qualifying survey question to gauge their
understanding of an on-skin device. This consisted of a short
clip of a SkinSwipe device being operated on the inner forearm.
Participants were asked to select statements that represented
their understanding of the device. Only those who selected
the correct statements proceeded to the on-skin perception
study.

The On-Skin Interface Perception Study. The survey fea-
tured videos of actors interacting with the SkinSwipe system
(as described in the previous section), followed by questions
asking participants to rate their perceptions. The video se-
quence was randomly and evenly presented with regards to
body location and gender. Participants first watched a video,
and were then prompted to answer a series of 7-point Likert
scale questions ranging from "Strongly Agree" to "Strongly
Disagree." Due to the limited literature in evaluating wearable
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social perceptions, our questions are adapted from Profita
et al. [20] and Rico et al. [21]. The questions probed par-
ticipant perceptions towards the placement of the on-skin
device (Does the placement look: Normal, Private, Silly, Con-
spicuous, Intimate, Public, Easy to be accidentally triggered,
Natural, Bothers me, Attractive, Awkward, Weird, Cool, Easy-
to-access) and the gestural interaction with the device (Does
the interaction look: Normal, Weird, Impolite, Natural, Cool,
Easy-to-use, Silly, Bothers me, Awkward, Tiring, Abrupt, Easy-
to-be-accidentally-triggered). We aimed for questions that
were positive, negative as well as neutral in tone to gather a
wide range of perceptive.

Follow-up Questionnaire. Upon completion of the video sur-
vey, participants were asked to complete a follow-up ques-
tionnaire probing global perceptions towards the on-skin in-
terfaces. Questions are designed drawing from Profita et al.
[20]. Participants were asked to identify the ideal location
for wearing the on-skin interface (not limited to the locations
shown in the video). They were also asked to identify out
of the seven locations shown in the survey, which two were
most preferred, and which two were least preferred. We also
asked open-ended questions on their concerns towards the
system, what existing on-body objects the on-skin interfaces
reminded them of, and what they found to be the two most
important features of the device. Participants were also asked
to rate if the on-skin device hindered their activities (when
worn on each separate location), and if they found the on-skin
interface to be useful, and their willingness to use it.

The statistical methods for analyzing the data are as fol-
lows. Independent samples 7-test (Chi-squared test) were used
as the statistical tests to compare the means of age (gender)
distribution between US and Taiwanese group. Paired z-tests
were used to check for differences in the attitudes towards the
placement (or the interaction) of on-skin device collected after
watching videos using an on-skin device and corresponding
baseline videos using a mobile phone. To analyze the response
for open-ended questions, each response underwent iterative
coding independently by three experienced researchers. We
use codes with a reasonable degree of agreement among differ-
ent coders to identify salient concerns regarding the on-skin
interface and other body locations covered in our survey based
on thematic analysis [3].

4 SURVEY STUDY RESULTS AND OBSERVATIONS

In total, we recruited 200 participants for the study (100
US(41F), 100 Taiwan(51F)), aged 18-70. The average age
was 28.73 (SD=7.70) for the US and 30.26 (SD=10.60) for
Taiwan. The was no significant difference between age distri-
bution (p=0.24 using independent samples ¢-test) and gender
distribution (p=0.16 using Chi-squared test) between these
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(a) United States (US)

(b) Taiwan (TW)
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Table 1: (a) US and (b) Taiwan participant attitudes towards the placement of SkinSwipe. The presented data is compared against
the baseline (i.e., mobile phone) values. Each cell indicates the level of agreement with a placement question (e.g., does this placement
look normal?) when the device is worn on a specific location (e.g., inner forearm (IF)) and it’s the corresponding p value (the number
shown below each body location). The background of the corresponding cell is colored red (or grey) if the level of agreement towards
the question is significantly higher (or lower) than that collected in the baseline case.

two groups. All Participants received a small gratuity for their
time upon survey completion.

Device Placement Attitudes (Table 1)

Table 1 shows the comparison of attitudes for SkinSwipe body
placement. The presented data is compared against baseline
(i.e, mobile phone) values. We report only statistically signifi-
cant results (p<0.05) for the purpose of readability.

Taiwan Participants (Table 1(b)). We report on Taiwanese
participant response towards device placement in Table 1(b),
reading down the rows. For Taiwanese participants, place-
ment of the SkinSwipe on all body locations looked signifi-
cantly less normal, less natural, more silly, more weird, more
cool, more attractive, and more conspicuous. Placement is
significantly more easy-to-access for the inner forearm (IF),
outer forearm (OF), and the hand (HD), but significantly less
easy-to-access for the back of neck (BN). The placement is
significantly more public when worn on the outer forearm
(OF) and hand (HD), and significantly less public when worn
on the collarbone (CB) and back of neck (BN). This corre-
sponds to the placement being significantly less private for

the outer forearm (OF) and hand (HD), but significantly more
private for the collarbone (CB). The inner forearm (IF) was
also viewed as significantly more private. All body locations,
except the outer forearm (OF) for male participants, were
significantly more intimate. All upper limb regions (i.e., inner
forearm (IF), outer forearm (OF), hand (HD), and arm (AM))
were significantly more prone to accidental triggering. Place-
ment on the collarbone (CB) and back of neck (BN) were
found to be significantly more bothering and awkward.

US Participants (Table 1(a)) . We report on US participant
response towards device placement in Table 1(a), reading
down the rows. For US participants, placement of the Skin-
Swipe looked significantly less normal, less natural, more
silly, and more weird on the hand (HD), collarbone (CB), ear
(ER) and back of neck (BN). Except the placement of the
on-skin devices on a US male actor’s outer forearm (OF),
wearing on-skin devices on a US actor’s inner or outer fore-
arm looked significantly more cool and more attractive. The
arm (AM) and ear (ER) also looked significantly more cool.
Placement is significantly more easy-to-access for the inner
forearm (IF), outer forearm (OF), hand (HD), and ear (ER).
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Questions (a) United States (US)

(b) Taiwan (TW)

IF IF OF OF HD HD

(0} OF AM| CB

A
(OOPEE 0.19] 0.12 [0.58]0.31

OF OF HD HD AM CB

0.00 0.00 0.00 0.00 0.01 [RIJLXE
7 OF OF HD HD AM AM [ ]KeE]
0.00  0.00 0.00 0.00 0.02 0.00 (XL XrAEN
OF OF HD HD AM AM[[#E} CB ER ER
0.00 0.00 0.00 0.00 0.00 0.01 X&) 0.01
OF OF HD HD AM AM CB

0.02 0.01 0.00 0.00 0.01 0.02 0.03
(O3 OF

CB 318

Triggered

8. Impolite

9. Tiring
10. Bothers
me

AM AM CB CB ER ER BN

1. Normal 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AM CB CB ER a3

2. Natural [0.62]0.63 | 0.29 0.05 {0.06]0.16 [NERONENN0PN 0.13]0.09 XN
EIEEGEEE HD HD [AM (AM [CB | CB ||ER |ER | BN

A (R R R PE] 0.03 0.01 0.01 0.01 0.00 0.00 0.03 0.02  0.00
IF [ IF | OF [ OF [Bém) HDAM CB CB ER BN

4. Weird 0.02 0.01 [\B¥4 0.00 0.02 0.00 [X] 0.00 0.00

ER | BN

0.37 [0 0.70

CB pai@eis BN IF

ER | BN
0.37] 0.57

IS\ BN | IF
X7l 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 [UKe3
1288 BN IF

CB
0.09 JONNNOKIE 0.96

0.01 0.00

BN IF IF OF OF HD

BN IF IF OF OF HD

BN IF IF OF OF HD

BN IF IF OF OF HD

B IF IF OF OF HD
IF 'OF OF HD HD FNVIPNYIK®:]
0.69 KUXORVXVONVEVORRVOKRVVRON0] 0.85(0.43]0.61

B IF I[F OF OF HD HD AM AM Q@i

IF OF OF HD HD AM AM [@:]

[DNOEHOXUN0.08(0.54
IF OF OF HD
(VR3] 0.00 0.00 0.00 0.00 0.00

IF | IF [HOJiNe)d
0.17]0 ! !

CB

HD (HD [AM|(AM| CB | CB
0.03 [ 0.92 10.95]0.64/0.82(0.57[ 0.08
OF | HD 'HD AM AM §@&:§ CB B3N

0.00 0.047 0.00 0.03 0.00 (UK} 0.01 UK

11. Abrupt

0.43 JUNZHOIRIEY 0.08

OF | HD | HD |AM (@:M CB | ER

12. AM
0.25(0.08 |0.10]0.61]0.34 J0X0IN 0.05|0.62

Awkward

(VXIN0.40|1.00]0.11

Table 2: (a) US and (b) Taiwan participant attitudes towards SkinSwipe gesture interaction. The presented data is compared against
the baseline (i.e., mobile phone) values. Each cell indicates the level of agreement with a gesture interaction question (e.g., does this
interaction look normal?) when the device is worn on a specific location (e.g., inner forearm (IF)) and the corresponding p value (the
number shown below each body location). Similar with Table 1, the background of the corresponding cell is colored red (or grey) if
the level of agreement towards the question is significantly higher (or lower) than that collected in the baseline case.

The back of neck (BN) looks significantly less public. The
placement looks significantly more intimate on the inner fore-
arm (IF), arm (AM) and collarbone (CB) for both genders,
yet only significantly more intimate when worn on a female
actor’s outer forearm (OF), ear (ER), and back of neck (BN).
All upper limb regions (i.e, inner forearm (IF), outer forearm
(OF), hand (HD), arm (AM) were significantly more prone
to accidental triggering. Placement on inner forearm (IF) and
outer forearm (OF) looked significantly less bothering on a
female actor, whereas the collarbone (CB) and back of neck
(BN) looked significantly more bothering on a female actor.
Both genders found the collarbone (CB) and back of neck
(BN) to be significantly more awkward.

US/Taiwan Device Placement Attitude Comparison. We
report on main observations comparing US and TW responses
towards placement:

e The placement is significantly more conspicuous on all
body locations for TW participants, but no significance
was yielded for the US participants.

e Both US and TW participants reported placement on
the inner forearm (IF), outer forearm (OF), and hand
(HD) looked significantly easier to access.

e Both US and TW participants found the inner forearm
(IF), arm (AM), and collarbone (CB) to look signifi-
cantly more intimate.

e Both US and TW participants found all upper limb
regions (i.e., inner forearm (IF), outer forearm (OF),
hand (HD), and arm (AM)) to be significantly more
prone to accidental triggering.

e Both TW and US participants found placement on the
collarbone (CB) and back of neck (BN) to look signifi-
cantly more awkward.

Gesture Interaction Attitudes (Table 2)

Table 2 shows the comparison of attitudes for SkinSwipe
gestural interaction. The presented data is compared against
baseline(i.e, mobile phone) values. We report only statistically
significant results (p<0.05) for the purpose of readability.

Taiwan Participants (Table 2(b)). We report on Taiwanese
participant response towards gesture interaction in Table 2(b),
reading down the rows. For Taiwanese participants, interac-
tion with SkinSwipe on all seven body locations looked signif-
icantly less normal, less natural, more silly, more weird and
more cool. Interaction with the device looked significantly
more easy-to-use for the inner forearm (IF), outer forearm
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(OF), hand (HD), and ear (ER), but significantly less easy-
to-use for the back of neck (BN). Interaction on all upper
limb regions (i.e., inner forearm (IF), outer forearm (OF),
hand (HD), and arm (AM)) were viewed as significantly more
prone to accidental triggering. The interaction looked signifi-
cantly more impolite on a female’s collarbone (CB), whereas
the back of neck (BN) looked significantly more tiring and
bothering on both genders. Interactions on all locations ex-
cept the outer forearm (OF) and hand (HD) were perceived
as significantly more abrupt. The interaction also looked sig-
nificantly more awkward on the collarbone (CB) and back of
neck (BN).

US Participants (Table 2(a)). We report on US participant
response towards gesture interaction in Table 2(a), reading
down the rows. For US participants, interactions looked signif-
icantly less normal on all locations. The interactions appeared
significantly less natural on the collarbone (CB), and back
of neck (BN) for both genders, yet only significantly less
natural for the female actor on the arm (AM). The back of
hand (HD), collarbone (CB), and back of neck (BN) looked
significantly more silly and more weird for both genders, yet
only significantly more weird for the female actor on the arm
(AM) and ear (ER). The inner forearm (IF) is significantly
cooler for both genders, yet the outer forearm (OR) and ear
(ER) is only significantly cooler for the male. The interaction
is significantly more easy-to-use for the inner forearm(IF),
outer forearm (OF), hand (HD), and ear (ER). Interaction on
all upper limb regions (i.e., inner forearm (IF), outer forearm
(OF), hand (HD), and arm (AM)) were viewed as significantly
more prone to accidental triggering. The interaction appeared
significantly less impolite when worn on a US female actor’s
collarbone (CB) and back of neck (BN). Interaction looked
significantly less abrupt when worn on a US female’s inner
forearm (IF), outer forearm (OF), hand (HD), arm (AM),
and collarbone (CB). The interaction was also significantly
less abrupt when worn on a male actor’s hand (HD) and arm
(AM). However, when worn on a US male actor’s collarbone
(CB) and a US female actor’s back of neck (BN), it looked
significantly more awkward.

US/Taiwan Gesture Interaction Attitude Comparison. We
report on main observations comparing US and TW responses
towards gesture interaction:

e For both US and TW participants, interactions looked
significantly less normal on all locations.

e For both US and TW participants, interaction on all
upper limb regions (i.e., inner forearm (IF), outer fore-
arm (OF), hand (HD), and arm (AM)) were viewed as
significantly more prone to accidental triggering.
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Figure 3: Number of the most/least preferred body locations
responded by US and Taiwanese participants.

e The interaction appeared significantly less impolite
when worn on a US female’s collarbone (CB), yet sig-
nificantly more impolite when worn on a Taiwanese
female’s collarbone (CB).

Followup Findings

The follow-up questionnaire uncovered further attitudes to-
wards on-skin interfaces. The inner forearm arose as the most
preferred location for both US and Taiwan participants (US:
57%, Taiwan: 52%) (darker bars in Figure 3). The second
most preferred location for Americans is the arm (39%), with
the outer forearm as a close third (38%). In Taiwan, how-
ever, the outer forearm was the second most popular location
(45%), with the ear (36%) and hand (36%) at a tie for third.
Americans found the inner forearm and arm to be in locations
that are easy to use and easy to access. The inner forearm
was preferred since it posed no limitation on clothing, and is
"discreet." Beyond being easy to use, the arm was described
by many Americans to be "cool.” This might be explained by
the arm being a popular tattoo location in the US [23]. Tai-
wanese participants held similar, positive viewpoints towards
the inner forearm as their American counterparts, sharing the
viewpoint that it mirrored wearing a smart watch or accessory.
They, however, preferred the outer forearm, ear, and hand in
place of the arm. Participants mentioned that clothing does
not typically cover these body locations. The outer forearm
and ear also resemble wearing a smartwatch or earpod.
Participants were also asked to explain their two least pre-
ferred body locations (lighter bars in Figure 3). Participants
in Taiwan and the US both held a strong dislike for the back
of neck (US: 70%, Taiwan: 73%) and the collarbone (US:
60%, Taiwan: 64%). Americans found the back of neck and
collarbone "awkward," "unnatural," and "inconvenient for
operation." Participants described the gesture interaction to
be "prone to accidental triggering." Taiwanese participants
were especially concerned with reaching to touch the back of
the neck since this would expose the armpit area and appear
impolite. Taiwanese participants also expressed the collar-
bone region was too close to private areas, especially for a
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female. The swiping gesture was also viewed by some to be
suggestive.

Participants were then asked to describe their ideal place-
ment for wearing the SkinSwipe interface, not limited to those
shown in the survey. Beyond the locations covered in our
survey, behind the ear (13%) arose as an accessible location
for Taiwanese participants. Many Taiwanese (7%) and Amer-
ican (9%) participants preferred to wear it where they wore a
watch. The fingers (e.g., the thumb, finger joints) was also a
preferred location for both Taiwanese (5%) and Americans
(4%). A recurring reason for these locations is they often re-
main exposed regardless of clothing. Taiwanese participants
also mentioned other locations, such as the face (e.g., dim-
ples) (3%) or the torso (waist, nipples, belly) (4%). Some
Taiwanese participants preferred textiles and not an on-skin
device (3%).

Participants raised a range of concerns regarding the on-
skin interface. For Americans, over half (55%) were con-
cerned about health and safety, including potential harm to
skin, allergic reactions, to exposure to radiation. Other con-
cerns for Americans included user-friendliness (21%) and
aesthetics (14%). For Taiwanese participants, the primary
concern, raised by over one third (38%) of the participants,
was the user-friendliness of the device, with an emphasis on
"convenience." The functionality of the device was also of
prime importance to Taiwanese participants (32%), includ-
ing the type of gestures supported, wireless connectivity, to
supported battery life. Participants also mentioned acciden-
tal triggering (27%), adhesion (i.e., is it waterproof? Does it
hold under sweat?) (24%), health concerns (24%) and aes-
thetics (15%). In general, Taiwanese participants are more
concerned with the performance and practical functions of
the device itself, while US participants have greater health-
related considerations. Another observation is that many Tai-
wanese participants (16%) mentioned being concerned about
the perception of others, and not wanting to appear "stupid"
or "embarrassing." They preferred a "low key" presentation.
American participants did not raise this concern.

Perceived system usefulness (slightly useful, moderately
useful, very useful) was rated at 68% for the US and 66% for
Taiwan. Only 4% American participants, and 1% Taiwanese
participants found it to be "very un-useful." 72% American
participants would be "very willing," "moderately willing," or
"slightly willing" to use the device, with only 1% indicating
they are "very unwilling" to use the device. Similarly, 68%
Taiwanese participants indicated they would be "very will-
ing," "moderately willing," or "slightly willing" to use the
device, with only 3% indicating they would be "very unwill-
ing" to use the device. Perceived activity hindrance of using
on-skin interfaces placement was compared with the baseline.
Besides the hand, which yielded no significant difference, all

You and Lin, et al.

other body locations are considered less hindering than a mo-
bile phone baseline (p<0.01). Participants were asked to rate
the two most important system features. Options included:
comfortable to wear, easy to apply and remove, doesn’t make
me look weird or awkward, can be moved between differ-
ent body locations, is not very noticeable to others, can use
without looking, doesn’t interfere with movement, doesn’t
interfere with items worn on the body, easy to access, easy to
operate, or other. Easy to operate (US: 46%, Taiwan: 48%),
easy to access (US: 32%, Taiwan: 35% ), and doesn’t inter-
fere with movement (US: 25%, Taiwan: 35% ) emerged as
the top features for both countries. The next most significant
concerns then diverged into "can be moved between different
body locations" for US (20%), and "doesn’t make me look
weird or awkward" for Taiwan (21%).

5 DISCUSSION AND DESIGN IMPLICATIONS

Results from our on-skin perception study (Table 1 & 2) show
that placement and interaction on all body locations appeared
significantly less normal, less natural, more silly, and more
weird to Taiwanese participants. This result may imply that
Taiwanese participants held more reservations, and therefore
could be less accepting towards seeing on-skin interfaces used
in public. Taiwanese participants also found device placement
to be significantly more conspicuous on all body locations.
Compared to their American counterparts, they also identified
more body locations as significantly more private (i.e., in-
ner forearm, collarbone, ear (female only)) and intimate (i.e.,
all placements except outer forearm (male)). Nevertheless,
Taiwanese participants still found the devices to be cooler
and more attractive than using a mobile phone for all body
placements. On the contrary, US participants identified fewer
locations as significantly less normal, less natural, more silly,
and more weird compared to their Taiwanese counterparts.
This result may imply that Americans found the on-skin inter-
faces to be more acceptable to be worn in public. US partici-
pants were also significantly more flexible towards seeing the
on-skin interface worn on different body locations (i.e., very
few placements are perceived as less public or more private ).

Results also reveal that US participants exhibited more
different gender preferences towards device placement or
interaction. For example, placement on the arm looked sig-
nificantly more easy to access, more private, and more weird
only for the US male. The gestural interaction was viewed as
more attractive on the outer forearm, and cooler on the hand
and collarbone only for the US female actor. It may be helpful
to factor in gender difference in device design, especially for
cultures sensitive to such concerns. It could also be useful
to integrate elements of end-user customizability to cater to
individual preferences.

We also gained several insights from the follow-up ques-
tionnaire. Mirroring findings from the on-skin perception
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study described in the start of this section, we found qual-
itative data on Taiwanese participant’s strong affinity for a
device that avoids making the user look "stupid" or "em-
barrassing." 16% Taiwanese mentioned they worried about
others’ perceptions towards the device. No Americans raised
this concern. This result may be attributed to the culture in
Taiwan, which embodies the Confucianist Han Chinese val-
ues of modesty and communal living. This result also echoes
the findings of Profita et al. [20] for textile-based gestural
interfaces, which found a strong preference of East Asian
participants to avoid looking "weird" or "awkward." We do,
however, observe Taiwanese participants preferring locations
that are occupied by existing body-worn objects (e.g., the
wrist: watch; ear: earrings, earpods). A possible explanation
is that these existing objects serve as metaphors with which
to understand and make sense of these emerging on-skin de-
vices. The unfamiliarity of the on-skin device may also be
"disguised" behind the familiarity of an existing object, so
it stands out less in a public setting. To this end, there could
be value to design initial form factors that occupy the loca-
tions or even embody the appearances of existing body-worn
objects to increase acceptance.

Unlike clothing and accessories, on-skin interfaces are situ-
ated directly on the wearer’s body, often covered by layers of
clothing. This blockage by clothing was a common concern
raised by participants. In describing their ideal location for
wearing the on-skin interface, participants mentioned areas
due to the fact they are typically not covered by any clothing
(e.g., fingers, face). In describing the two most preferred body
locations shown in the survey, "not covered by clothing" was a
common reason listed by Taiwanese participants. To this end,
there may be value in designing on-skin interfaces situated in
locations not blocked by clothes for cultures sensitive to such
concerns. However, we can see that Americans selected the
arm as one of the top two preferred body locations, despite the
location’s propensity to be covered by sleeves. In such cases,
it may be worthwhile to design in additional functionality
for the on-skin device when covered by clothing to increase
usability. For example, the on-skin device could be charged
when covered by clothing through textile-integrated wireless
inductive charging. Doing so also offers potential to miniatur-
ize further the form factor of the on-skin device by offloading
components to the clothing layer.

6 LIMITATIONS AND FUTURE WORK

Our study participants did not directly witness or engage in
the social interaction, but only viewed a video. We were also
only able to analyze participants’ self-reported perceptions.
Conducting in-the-wild future studies might reveal further
insight and tensions for interactions.

We choose to focus on a single on-skin device and inter-
action modality (input). Doing so allowed us to reach more

ISWC 19, September 9—13, 2019, London, United Kingdom

participants, and observe the effects of conditions around
placement and interaction. It would be interesting to study
variances in participant attitudes across different on-skin form
factors, interaction modalities, a more comprehensive range
of body locations, to demographic factors in future research.

7 CONCLUSION

In this paper, we presented a cross-cultural examination of the
social perceptions towards an on-skin gestural interface. Our
research suggests there is a shared affinity towards on-body
placement in US and Taiwan for the inner forearm, with the
ease to use and access as primary reasons. Our quantitative
and qualitative analysis indicated that Taiwanese participants
have more reservations towards seeing the device worn in
public in comparison to their US counterparts, which may
stem from cultural propensities. We are encouraged that the
majority of participants found the SkinSwipe interface to be
"useful" and they were "willing" to use the device. To the best
of our knowledge, we contribute the first studies to shed light
on societal perceptions towards on-skin interfaces through
this paper. As interface progress towards intrinsic human aug-
mentation, we seek to uncover user attitudes to offer insight
for designing on-skin interfaces which may be accepted for
public use.
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