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ABSTRACT
The diversification of wearable devices and ever-expanding In-
ternet of Things have proven beneficial to users; however, our
interactions with the world are often mediated through touch
screens and other abstractions. This overlooks a vast array of
natural interactions such as physical touch, fidgeting, tapping,
and other motions. We present an NFC-enabled fingernail-
worn device that leverages finger movements and encourages
tangible interaction —TransformatioNail. Central to our ap-
proach is the combination of wireless power capabilities and
a culturally acceptable form factor at a key location —the
fingertip. Our device uses an e-ink display for low-fidelity
user feedback and has an accelerometer for capturing a range
of finger motions and gestures. We introduce a new ecosystem
of tangible interactions made possible with TransformatioNail,
and use our device to probe perceptions of fingernail tech-
nology in a design space exploration. We present findings
from this exploration as design considerations for fingernail
technologies.

Author Keywords
wearables; ambient displays; fingernails.

ACM Classification Keywords
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INTRODUCTION
Since the advent of smartphones and wearable computers,
mobile and wearable technology has continued to proliferate
throughout society. While these devices prove beneficial to
their owners, they fundamentally change how the user inter-
acts with the world around them. Rather than touching and
communicating with the world directly, human interaction is
mediated through the use of touch screens and other abstrac-
tions. In addition, many of these devices are one-size-fits-all
in terms of location on the body, as well as functionality and
aesthetics. In an effort to make wearable technology more
diverse, personal, and natural, designers and researchers alike
have begun to explore to explore additional sites and inter-
action modalities for wearable technology. Many of these

Figure 1. TransformatioNail is a small fingernail worn device that at-
taches to the nail with acrylic nail glue. The core component is a custom
designed PCB (right) that includes an e-ink display, among other com-
ponents. The e-ink display folds over to make the nail more compact
(middle). The size of the nail is comparable to a generic acrylic nail
(left).

new wearable technologies move away from touch screens to
afford more innate interaction. These new interactions include
natural hair touches [31, 5], interactions on the skin [19, 22,
18], clothing-based interfaces [28, 27], and beyond [20]. In
this paper we focus on a site that is intrinsically intertwined
with nearly all forms of physical interaction: the fingernail.

Fingernails provide a unique substrate for wearable technology.
As one of the only rigid, static portions of the body, devices
situated here avoid complications associated with bridging
hard and soft interfaces. Situated at the tip of the finger, fin-
gernails are embedded in physical interaction. Prior work has
shown that fingernail based sensing can enable new interac-
tions that are private and discreet [2, 17], one-handed [17, 42],
eyes-free [17, 42, 11], subtle [35], and quick [41]. Finally,
fingernails have a rich history in a variety of cultures around
the world. As such, fingernail technology has the potential
to engage new populations previously excluded from wear-
able technology. With TransformatioNail, we merge existing
fingernail fashion and culture with new fabrication techniques.

TransformatioNail
In this work, we present TransformatioNail, a fingernail worn
device that aims to augment the wearer with new forms of
minimalist and personalized tangible interaction. Transfor-
matioNail is a smart device capable of gesture sensing and
wireless data transfer, as well as displaying information. Trans-
formatioNails attach to the nail with acrylic nail glue and can
be worn for weeks at a time without removal. The design takes
inspiration from themes of cosmetic computing [4], beauty
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technology [33], hybrid body craft [16], and ubiquitous com-
puting [36]. The contributions of the paper are as follows:

1. We present a novel fingernail worn device capable of gesture
sensing, dynamic memory storage, and wireless communi-
cation with external devices.

2. We implement scenarios and applications to explore new
interactions afforded through this device.

3. We preform a design space exploration with users and lever-
age our functional prototype as a catalyst with which to
probe perceptions of fingernail technology.

4. From this study, we present considerations for the design of
future fingernail-worn technologies.

RELATED WORK
Prior work explored fingernail sensing using strain gauges [10,
12] and optics [23, 24, 14, 41] to sense force on objects and
different surfaces, as well as hall sensors [2] and capacitive
sensors [17] for touch input on the surface of the finger. Prior
work has also explored visual displays [30, 35] and vibratory
output [11] in fingernail form factors. Additionally, prior work
has shown that fingernail sensing can be used as input to other
devices [35, 3, 38, 30, 42, 13].

Many of these presented systems require charging or an exter-
nal power supply. Others lack internal computation and must
be tethered to external devices such as phones, smartwatches,
or laptops. Additionally, most of the form factors presented
are large and non-aesthetic. These limitations restrict potential
interactions and usage in the real-world. Our work addresses
the disadvantages of these systems by instrumenting a passive,
battery-less implementation that operates with intermittent
power. Additionally, our system utilizes a microcontroller for
on-board computation and gesture sensing, and incorporates a
display for feedback.

The two most closely related projects are Beauty Tech Nails
[32] and AlterNail [4]. The former embedded static, read-
only RFIDs in false fingernails to trigger unique events during
interactions with an RFID reader; the latter explored the com-
bination of wireless power and e-ink technology for dynamic
fingernail displays. TransformatioNail expands these prior
works and fingernail capabilities by incorporating on-board
gesture sensing and custom memory organization. While Al-
terNail included an accelerometer, it was used to distinguish
between “AlterNail enabled smart objects” and was not uti-
lized for gesture sensing. Neither Beauty Tech Nails nor Al-
terNail utilize dynamic memory storage. With these features,
TransformatioNail affords new interactions that are infeasible
using prior implementations. Finally, we contextualize these
two prior works by conducting a design space exploration with
users, and report results as design considerations for future
fingernail technologies.

NAIL DESIGN AND HARDWARE ARCHITECTURE
To avoid complex wiring or asking wearers to remove and
“charge their fingernails”, we opted to power TransformatioN-
ail wirelessly through interactions with objects and devices.
This design decision, paired with our small form factor, im-
posed strict requirements of size, power, and wide operating
voltage on all other components. Additionally, our desire to

Figure 2. Custom designed PCB containing an e-ink display, ATTiny85
microcontroller, NT3H1101 NFC tag, and an ADXL345 accelerometer.
A coil is etched into the backside of the board for both data and power
transfer. The size of the PCB is 13.45mm x 19.85mm and 3.55mm thick.

support a wide range of interactions mandates interoperability
with a number of different devices. We chose our microcon-
troller, sensor, display, and communication protocol to meet
these specifications.

Our device is composed of an ATTiny85 microcontroller, an
ADXL345 accelerometer, an e-ink display, and an NT3H1101
NFC tag (see Figure 2). A coil is etched into the backside of
the board. The current device has the dimensions 19.85mm
x 13.45mm x 3.55mm1, which we found to be sufficient for
evaluating new interactions. At peak power, the entire sys-
tem consumes about 1 milliwatt from the microcontroller at
300 µA, the accelerometer at 40 µA when taking a measure-
ment, and the e-ink at 1.5 µA when switching [9].

Memory
Standard NFC tags are capable of storing only one distinct
NDEF message; we implement careful memory organization
of the nTag IC to enable multiple distinct entries. This allows
TransformatioNails to keep a history of tangible interactions,
and to be used in multiple contexts without the need for re-
programming. The NT3H1101 NFC tag allocates 222 pages
for memory. In TransformatioNail, 220 of these pages are
utilized for user data. We allocate fixed data blocks of 10
pages (i.e. 40 bytes) for storing each unique entry; thus, each
TransformatioNail supports storing up to 22 unique data en-
tries. We utilize one page for communicating notifications
from the mobile, and the last page for storing custom meta-
data. This structure assumes that each data record is less than
40 bytes; if the data exceeds the size of TransformatioNail’s
predefined data block, the data is stored in a web server and
the link is written to the TransformatioNail. Retrieval of the
data is conducted by the client program in the respective con-
text. However, this scheme can be easily modified to include
flexible numbers of data bytes per record.

Sensing

1It should be noted that the main goal of this work was not to pro-
duce a sub-mm fingernail device, though we envision a future where
TransformatioNails can be made small, flexible, and comfortable:
similar to new commercial smart nails [15].
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Prior work has shown that accelerometers are capable of char-
acterizing complex gestures including finger orientation, shear,
and others [7, 26, 21, 34, 40]. We refer to this prior work for
characterization of more complex gestures, and implement
touch and tap detection in our prototype. Using a threshold-
ing algorithm across the different axis signals, we are able to
distinguish simple touch gestures from tapping gestures. In
addition, we are capable of detecting multiple taps in quick
succession as a separate gesture. While limited, we found this
gesture set to be sufficient in probing perceptions of fingernail
technology.

False positives are often a problem in fingernail sensing sys-
tems [10]; however, TransformatioNail is not liable to false
positives. Since the device is only powered when in close
proximity (4 cm) to a powered NFC-enabled device, everyday
interactions with unrelated objects will not power the device
or trigger false positives.

Display
We utilize the e-ink display to provide visual feedback to the
wearer, particularly with regards to whether or not a gesture
has been recognized. E-ink is well suited for TransformatioN-
ails in terms of size, power, operating voltage, and intermittent
power. E-ink displays can be made very small, flexible, and
in a wide variety of shapes and designs. Furthermore, e-ink is
low-power and bistable, which means that it is able to retain
state without continuous power.

Auxiliary Electronics
Our implementation requires specialized objects and devices
to interact with. Objects must have a power supply and NFC.
Devices such as laptops, Smartphones, and IoT devices must
run specialized software capable of parsing the data on the
nail; however, this software is trivial and easily uploaded. In
our implementation of proposed applications, we augmented
laptops and everyday objects with an an Arduino Uno micro-
controller and a PN532 RFID/NFC shield. In implementing
Copy/Paste and Notifications, we utilized an NFC-enabled
Android phone with a custom application for communicating
with the TransformatioNail.

Technical Considerations
Distance from coil: With our current implementation, the
coil on the TransformatioNail must be closely aligned with
corresponding coil on the Smartphone, laptop, augmented
object, or IoT device. This could be improved by expanding
the range of the transmitting coil, refining our on-board coil,
or using RFID.

Latency: While the NFC communication is quick (A 4-byte
write operation over NFC occurs in 4.8 ms to EEPROM and
0.8 ms to SRAM), the time to power up and refresh the e-ink
display takes between 2 and 4 seconds to completely update.
Additionally, our current software implementation takes a few
seconds to fully read the TransformatioNail and parse the
data. Throughout our experience with users, we found that the
latency of the e-ink display worked to convey the less visible
latency of the system to users. Specifically, the latency of
display cued users to hold the nail in position longer, as all of
the data was transferred across.

Contrast of E-ink Display: As there is no source of on-board
power, we are constrained to operating at 2.9V, the amount that
we can harvest over NFC using our coil and other hardware.
E-ink displays recommend a power supply of 5V or 15V [9].
While we can still power and update the E-ink display, the
contrast on the display is diminished and it can be challenging
to discern updates to the display (See Figure 1). This can be
improved with voltage boosters or super capacitors; however,
this doesn’t affect functionality or the evaluation of such a
device, so we have excluded these components at this stage.

NAIL INTERACTION
A typical interaction with begins when TransformatioNail
comes in close contact (< 4cm) with an NFC-enabled device.

Skye is in a meeting, but wants to know if she has any missed
calls. She taps once on the NFC coil of her smartphone to
check, briefly holding her finger in place over the coil as the
e-ink display updates.

The TransformatioNail comes into range of NFC (powering
all of its components) before the physical tap on the surface
of the phone. The accelerometer detects the tapping gesture
and sends an interrupt to the microcontroller, which sets the
gestureID in the memory of the NFC tag. The microcontroller
begins to monitor the memory of the NFC tag—awaiting an
update from the mobile.

The smartphone detects Skye’s TransformatioNail and a cus-
tom mobile app uses the nail’s ID and the gestureID to discern
that missed calls are requested. The smartphone retrieves this
information and writes it into the memory of the NFC Tag.

Still monitoring the memory of the NFC tag, the microcon-
troller reads the number of missed calls from the memory of
the NFC tag: 2. The microcontroller then updates the e-ink
display with this information: 2 dots appear on the display.

Skye removes her TransformatioNail from her phone.

Leaving the range of NFC, the TransformatioNail is no longer
powered, and no longer capable of communicating with the
smartphone. However, the e-ink display remains updated with
2 dots, even after power is removed.

Skye glances at her nail and sees that she has 2 missed calls.
She excuses herself from the meeting, concerned that it might
be something urgent.

This entire interaction from start to finish can be as brief
as 2-4 seconds and performed through fabrics and other thin
materials, including clothing, backpacks, and bags. In addition,
the interaction is discreet, requires no direct access to the
Smartphone (with the exception of close proximity), and can
be done without averting the wearer’s gaze or attention from
the current task.

APPLICATIONS
Since TransformatioNail utilizes the NFC protocol, it is in-
nately capable of applications proposed in prior work [32]. In
addition, the on-board accelerometer and microcontroller al-
low for more compelling interactions. Driven by the hardware
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Figure 3. TransformatioNails can augment interactions with existing
technology.

Figure 4. Bookmarks. Lina can’t decide whether or not to purchase the
beautiful yellow scarf she finds in an airport boutique while awaiting her
departure. Feeling under pressure, she double taps the NFC-enabled
price tag to “bookmark” the scarf and heads to her gate empty handed.
The following evening, back in her apartment, she performs the same
gesture on her NFC-enabled laptop, which brings up the item in the
boutique’s online shop. She peruses the 30 reviews, eventually deciding
to purchase the scarf.

design, we present four exemplar applications for Transforma-
tioNails. These applications were chosen to showcase a range
of enabled interactions using TransformatioNails.

Bookmarks: While TransformatioNails can be used to keep
track of digital data, we imagine a world where physical ob-
jects are similarly “bookmark-able”. Brushing against a movie
poster could store the affiliated website on the nail; fiddling
with a tag on a sweater could store a link to purchase it on-
line (Figure 4); tapping a professor’s name plate could store
their email address. Replaying the gesture used to encode a
particular entry can display affiliated data when using a laptop,
television, or other display. As discussed under Auxilliary
Electronics, this application requires “bookmark-able” objects
to be powered and NFC-enabled.

Copy/Paste: TransformatioNails can be used to copy and paste
data between devices. For instance, a user can select text
on a smartphone, tap their nail to the embedded NFC coil to
copy, and then touch a laptop to paste the information. Our
implementation does not require a network and is therefore
ideal for contexts and situations where network connectivity
is nonexistent or sparse. These contexts include developing
regions, in-flight interactions (Figure 5), and rural farming
and trade. While we are not the first to envision copy and
paste functionalities at the touch of a finger [25, 39], our
implementation affords this interaction and is seemingly the
first to store copied information on the finger itself.

Notifications: TransformatioNails can be used for discreet
notifications. Rather than taking out a smartphone to check
for notifications, a wearer can simply place their nail over the
NFC coil of their device, perform a gesture, and then discreetly
glance to see if the nail display has changed. This interaction
can even occur through clothing – for instance stroking the
outside of a pants pocket containing a smartphone (See Figure

6, left). Data is transferred easily through the less than 4 cm
of fabric and the TransformatioNail display updates to reflect
current status. We envision wearers associating gestures to
specific notifications: an downward flick over the NFC coil
could retrieve Twitter notifications; drawing a heart over the
NFC coil could query “missed calls from Mom”.

Settings: TransformatioNails can be used to store preferences
and settings for external devices. We envision this application
being particularly useful with the ever-expanding Internet of
Things. Rather than using a smartphone to specify prefer-
ences, simply touching the NFC-enabled device will upload
user-specific preferences. Gestures can be used to distinguish
between multiple sets of personal settings (e.g., different light-
ing preferences for reading vs watching television) and to
provide tangible control of physical devices (See Figure 6,
right). While preferences could be specified using fingerprint
scanning or facial recognition, many IoT devices are already
equipped with NFC. Rather than updating these devices with
new and potentially expensive technology, a simple software
update would render them compatible with TransformatioN-
ails.

DESIGN SPACE EXPLORATION
We used our functional prototype as a catalyst with which to
probe perceptions of fingernail technology.

Participants
We conducted a design space exploration of TransformatioN-
ails with 15 participants (age 18-29, avg. 22.7 yrs, 9 Female,
14 right-handed). Seven participants owned or had previously
owned wearable devices including smartwatches and activity
monitors. Only 1 participant had previously worn false or
acrylic nails; 8 participants had previously painted their nails.

Figure 5. Copy/Paste. Katja and Henrik are preparing for their presen-
tation en route to the conference. Unfortunately, their short flight does
not include WiFi for purchase. When Katja sees that Henrik has written
a succinct description of their technical implementation, she gestures on
his NFC-enabled laptop to copy the text. She then performs the same
gesture on her own NFC-enabled tablet, pasting the text into her copy of
the slide deck.
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Figure 6. Left, in blue: Notifications. Pierre is anxious to know if his
important package has been delivered; however, he has just run into the
new headmaster at his son’s school, and doesn’t want to seem rude by
taking out his phone. Instead, he places his hand on his hip, discreetly
aligning his TransformatioNail with the phone in his pocket. He flicks his
finger downwards, requesting Amazon delivery notifications. A wave of
relief washes over him when he glances down and sees the updated dis-
play on his TransformatioNail. His package is safe at home. Right, in
pink: Settings. When Antonia passes by her daughter’s room, she no-
tices that Sofia has fallen asleep reading again. Not wanting to wake her
with a voice command, Antonia performs a simple gesture on the smart
speaker. The lights dim, a nightlight flickers on, and a faint whisper of
waves can be heard emanating from the speaker. Antonia quietly leaves
the room as Sofia continues to slumber.

Procedure
Participants were recruited from local university mailing lists
and invited to meet with us in our studio location for an hour.
They were compensated at the rate of $20/hour. Participants
were shown our physical prototype, videos of all four proposed
applications, and demonstrations of interactions with both
laptops and mobile devices. Participants were encouraged to
touch and interact with the functioning prototype. Finally,
we conducted an informal interview to garner thoughts and
reactions, and ended with a brainstorming activity.

Brainstorming Activity
The brainstorming activity consisted of two exercises: Dis-
parate Digits and Unconstrained Use. For each exercise, par-
ticipants were given a template of two hands, a Sharpie, and
color-coded post-it page markers corresponding to each pro-
posed application (Bookmarks, Copy/Paste, Notifications, and
Settings). We used these applications as a concrete starting
point with which our participants could begin to imagine fin-
gernail technology in their day-to-day activities. Participants
were also provided an additional color to be used for custom
applications outside of the presented four. Participants were
encouraged, but not required to use custom applications.

For Disparate Digits, participants were instructed to assign
each application to a separate finger on a single hand (See
Figure 7 for a sample of results). Participants were instructed
to use either the left hand or the right hand of the template,
but not both. We intentionally limited participants to tease out
perceptions of and differences between fingers. Rather than
spreading applications across two hands, or clustering them
on a single finger, participants were forced to consider each
finger (and its affordances) individually.

For Unconstrained Use, participants were instructed to design
what they personally would want and would use. This was
described as a “free for all” in which participants could use
as many or as few applications as they desired. Participants
were allowed to use both hands of the template, have multiple

Figure 7. Top: Sample of results from Disparate Digits. Bottom: Sample
of results from Unconstrained Use.

fingers for a single functionality, and/or cluster multiple func-
tionalities on a single finger. A sample of results from both
exercises can be found in Figure 7.

Analysis
All interview meetings were audio recorded, transcribed, and
analyzed, following best practices for a qualitative interview
[37]. Across our 15 participants, we collected 15 surveys
(including participant’s prior experience with wearable de-
vices and rankings of proposed applications), 30 annotated
templates, and almost 14 hours (13h:58m:18s) of audio record-
ings. We analyzed this data using grounded theory.

Findings
Participants’ distribution of functions in each exercise can
be seen in Figures 8 and 9. First, we describe perceived
differences between fingers. Then, we focus our findings on
clear themes that emerged throughout the study. These themes
fall into two categories: those regarding interaction, and those
regarding wearability.

Perceived Differences Between Fingers: Participants per-
ceived distinct differences between their fingers and associated
affordances.

Figure 8. Participants that placed
each function on a given finger in Dis-
parate Digits.

Index: Participants uni-
versally viewed the in-
dex finger as the most
natural, and consid-
ered it an ideal lo-
cation for technology.
During Unconstrained
Use, all but 1 partici-
pant assigned function-
alities to their index fin-
gers. Additionally, par-
ticipants assigned the
most functionalities to
index fingers: a com-
bined total of 43 func-
tions (53.1% of all functionalities placed). Participants uni-
versally felt that the index finger was the most natural for
interacting with devices and real world objects alike.
P3 I would find it almost weirder to have to touch things with

different fingers when that wouldn’t be my normal touch gesture.

5



P7 It feels more natural to use pointer fingers cause you’re saying

“this is important”. You’re pointing it out.

Middle: Participants had mixed feelings about their middle
fingers. While some participants thought that this finger was
maneuverable and somewhat “natural” for physical interac-
tion (P2, P5, P7, P8, P12), others viewed it as a culturally
inappropriate location for technology (P9).

Ring: Many participants noted that the ring finger is hard
to move independently and therefore not ideal for dexterous
interactions. In Disparate Digits, 7 participants chose to use
this finger for Notifications (compared with 6 participants who
chose other functions, and 2 participants who excluded the
finger entirely). This placement had the highest agreement
of any in Disparate Digits. These participants thought that
Notifications required minimal pointing and other dexterous
movements, and was thus well suited to the ring finger. During
Unconstrained Use, only 1 participant assigned functionalities
to the dominant ring finger; 3 participants utilized the non-
dominant ring finger.

Pinky: Four participants excluded the pinky finger during Dis-
parate Digits; only 3 participants put functionalities on either
pinky during Unconstrained Use. Participants described this
finger as tiny (P1), unnatural (P15), and “kind of weird” for
interactions (P6). Whereas most participants thought the pinky
was “too small” for technology, or would lead to unusual inter-
actions, P11 envisioned using the pinky as a way to distinguish
between automatic and conscious interactions. Alternatively,
P1 thought the pinky was ideal for keeping technology “out of
the way”.

Thumb: Five participants identified the thumb as a good lo-
cation for notifications and other visual displays, noting that
the finger is larger and that the nail often remains in the user’s
field of vision, even when writing or interacting with objects.

Designers of fingernail technologies should consider the trade-
offs between different fingers. Key considerations are relative
dexterity, social appropriateness, size, and visibility.

Themes Regarding Interaction
Desire for “Natural” and Embodied Interaction: Partici-
pants had strong inclinations towards interactions that felt
natural and embodied. These inclinations were made appar-
ent through participants’ prioritization of dominant hands and
index fingers, as well as their comments throughout both exer-
cises. Ten participants used their dominant hand for Disparate
Digits. During Unconstrained Use, 5 participants confined all
functionalities to their dominant hand (compared with 3 par-
ticipants who used only their non-dominant, and 7 participants
that utilized both hands).
P2 I feel pretty much inept with my [non-dominant] hand. It

doesn’t feel like a natural thing for me to ever go for something

with my [non-dominant hand].

P12 Having [TransformatioNails on] my [dominant] hand feels more

natural because that’s the tool-using hand, so I already know that

those functions are there. Plus I don’t feel as confident with my

[non-dominant] hand, so it just doesn’t feel as natural to me.

Figure 9. Participants that placed each function on a given finger in
Unconstrained Use. We show the dominant hand on the right because 14
of our 15 participants were right handed (the left handed participant’s
data is included, but mirrored so that all dominant hands are on the
right). Custom applications included user authentication, payments, the
ability to unlock RFID doors, and controlling music.

Alternatively, the participants that confined functionalities to
their non-dominant hand were concerned about Transforma-
tioNails getting in the way of day-to-day activities (P1, P15),
being uncomfortable (P14), or wanted to enable multi-tasking
(P4, P8).

During the brainstorming activities and throughout the user
study as a whole, all 15 participants began tapping their fin-
gers on the table, chair, or their own lap. Several participants
even began touching things throughout the room, verbaliz-
ing imagined applications and brainstorming through physi-
cal touch. This universal physical exploration of space hints
that the imagined applications were truly embodied; partici-
pants found it difficult to contextualize the interactions without
physically performing them. In addition, several participants
viewed TransformatioNails as “extension of self”, rather than
a discrete wearable device.
P6 I wouldn’t have to worry about [my TransformatioNail] every-

day: having to charge it, or having to remember to put it on.

Especially for me, with my [prosthetic] leg, it’s like all these pieces

kind of have to come together everyday, so one less thing to worry

about would be nice.

Technology located at the fingertip provides unique opportuni-
ties for embodiment. Designers of fingernail technology can
amplify these merits by leveraging dominant hands and index
fingers. However, as mentioned previously, the other, non-
index fingers have merits of their own and can prove beneficial
for particular types of interactions.

Distinction Between Conscious & Automatic Interactions:
While participants appreciated “natural” (P6, P7, P12, P13,
P15), “direct” (P4, P9), and “automatic” (P7) interactions af-
forded by TransformatioNails, several participants made a dis-
tinction between interactions that they wanted to be automatic,
versus ones that they wanted to be conscious. Participants
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also envisioned ways to situate their nails to facilitate these
interactions.
P11 I wanna be sure if I’m changing the settings, like I’m actually

making conscious decisions. Maybe the pinky? Like I have to touch

it like that *taps pinky on the table*. It’s very intentional.

P9 was concerned about accidentally collecting unintentional
Bookmarks throughout her day; however, she viewed this as a
small price to pay for being able to quickly and conveniently
Bookmark things intentionally.

Technology located at the fingertip provides a unique oppor-
tunity for automatic interactions. Wearers have the capability
to interact with technology without straying from their nor-
mal gestures and interactions with objects. However, this
convenience must be tempered by consideration for acciden-
tal triggers and unwanted actions. Designers of fingernail
technology must balance the trade-offs between convenience
and robustness. One way this can be achieved is by utilizing
unique gestures or less natural fingers (as did P11) for actions
of greater consequence (such as changing the settings of a
thermostat or texting an ex).

Themes Regarding Wearability
Delicate Balance of Fashion and Function: When consid-
ering whether or not they would feel comfortable wearing
TransformatioNails in their day-to-day activities, participants
hinted at a delicate balance between fashion and function.
Some participants were interested in TransformatioNails as a
fashion statement or conversation starter.
P9 As long as it’s not uncomfortable, I would wear [Transforma-

tioNails] just for aesthetic reasons.

P12 People would notice [if I were wearing TransformatioNails], not

that I would really mind. They would ask questions and [I would]

get to talk about [the device]. It’s pretty novel. No one is going

to ask about a watch.

Alternatively, other participants gravitated towards functional-
ity, and were uninterested in the aesthetic qualities of Trans-
formatioNails (P6, P10). In fact, our experience with par-
ticipants suggests that functionality and perceived benefits
can supersede pre-existing notions of fashion itself. During
our initial survey, many participants complained about acrylic
nails for various reasons; however, after viewing our prototype
and proposed applications, these same participants envisioned
themselves wearing and using the device.
P14 I probably, despite the fact that I don’t put anything on my

nails, would still at least try wearing [TransformatioNails] because

I think the conveniences outweigh whatever nail problems that I

have.

P8 This is a ton of added value other than just the looks of it, so

I think it’s really, really, really worth having something on my nail,

even though I’m not a big fan of that.

P1 I hate having long nails, but I probably wouldn’t mind [wearing

TransformatioNails] because I feel like the benefits outweigh the

cost.

P11 (After lamenting acrylic nails at the beginning of the study)

I think if [TransformatioNails] were on acrylics, I would give them

another shot.

Incorporating technology into established fashion practice has
potential to break down the boundaries of that practice, en-
couraging use among those previously excluded. Designers
of fingernail technology should find balance between leverag-
ing existing fashion practices and subverting them for more
widespread acceptability. However, as we discuss next, tech-
nology alone is insufficient to deconstruct cultural biases and
social norms regarding fashion practices.

Consideration of Cultural Biases and Social Norms: Four
participants (all male) expressed that they had not painted
or otherwise decorated their nails due to social norms and
perceptions of femininity. Of these participants, 2 felt that
the functionality was worth any social discomfort and that
they would feel comfortable wearing it around. The other 2
participants maintained that they would feel uncomfortable,
particularly in social situations.
P10 We know this kind of stuff as “girl stuff”. My friends prob-

ably wouldn’t be very nice to me if I was wearing one of these. I

think it’s social acceptance. The idea of having something on my

nails which is something that usually just [girls] do, it’s somehow

uncomfortable for me.

P6 For girls it’s a lot easier. I don’t know if it’s becoming more

normal for guys to wear false nails, but I’ve never had false nails

so I don’t know how they would look on me. I guess if I was past

that barrier, it’d be nice to have and it’d be cool to have.

While capturing a snapshot of perceptions, our design space
exploration does not characterize how views on fingernail fash-
ion and social norms would change over time in response to
the emergence of fingernail technology. Emerging wearable
technologies have always experienced a period of low social
acceptance [8]. As with many new fashion trends, we envision
social presence to promote social acceptance, and apprehen-
sion subsiding over time as fingernail technology floods sites
such as Instagram and Weibo. In turn, we also envision the
emergence of fingernail technology to encourage broader so-
cial acceptance of existing nail fashion, challenging notions
of who can and should participate.

DISCUSSION
As mentioned previously, it was not a primary goal of this
work to significantly reduce the size of TransformatioNails;
however, almost all of the components on our prototype can
be manufactured at smaller scale. The PCB itself can be made
flexible, curved, and significantly thinner. If miniaturized,
TransformatioNails could be worn for days or even weeks at a
time without removal, as an acrylic nail. Additionally, prior
work has shown that electronics can be enclosed in gel nail
polish [32]. Using similar techniques, TransformatioNails can
be made durable and robust and could feasibly be worn for
this period of time.

Academic researchers and companies alike have been focus-
ing efforts on wireless charging at a distance [1]. As wireless
power becomes more ubiquitous, our technological constraints
diminish. Assuming ubiquitous wireless power, fingernail sen-
sors would be capable of continuous activity monitoring at
high fidelity—much higher fidelity than current Smartwatch-
based wearables. Additionally, the Internet of Things is con-
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stantly expanding [29] and NFC is becoming increasingly
ubiquitous. Statistics show that in 2014 alone there were
277.5 million NFC-enabled mobile devices worldwide [6].
We imagine a future where every device is connected and ca-
pable of powering and communicating with passive wearable
devices such as TransformatioNails [36].

With the addition of a few small components at a key location,
we enable a richer vocabulary of interactions with technology
and everyday objects alike.

CONCLUSION
In this paper, we presented TransformatioNail, a fingernail-
worn device that encourages tangible interactions and aug-
ments the wearer with new capabilities. As they never need
to be charged, TransformatioNails can be worn for weeks at
a time without needing to be removed or otherwise cared for.
We hope TransformatioNail inspires a new class of wearable
technologies that blur the distinction between fashion and
technology.
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