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ABSTRACT

Many couples live apart due to work, educational situations,
or frequent travel. While technology can help mediate these
relationships, there is a lack of designs that allow couples to
share a sense of touch over distance. We present a design
case study of a tangible communication system called FlexN-Feel—a pair of gloves that allows distance-separated
couples to feel the flexing of their remote partners’ fingers
through vibrotactile sensations on their skin. We evaluated
our design with nine couples where the system was
augmented with either a Skype audio call or a video
connection. Our study showed that participants enjoyed
their conversation more with the gloves, felt more
emotionally connected, and experienced intimate moments
together. Couples used the glove for shared actions, playful
episodes, intimate touches, and to simply feel each other’s
presence. Video was important to aid couples in
understanding each other’s actions. Our results illustrate
that designs focusing on physical touch over distance
should be open to appropriation such that they can augment
existing communication routines and technologies.
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INTRODUCTION

Co-located couples stay connected on a regular basis by
relying heavily on communication technologies like text
messages and phone calls. They also talk and discuss their
daily experiences when they meet each other in person
[16,25]. Yet some couples are separated by distance and in
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related obligations, as well as frequent travel [19,32].
Couples in LDRs may easily face difficulties in maintaining
their relationship [32]. This makes computer-mediated
communication systems beneficial for maintaining their
relationships [1,25], if they can afford and have access to
such technologies.
Video communication technologies are now becoming a
popular tool for supporting such needs as they allow LDR
couples to simulate a face-to-face conversation over
distance and even engage in acts of ‘shared living’ [25,26].
Yet the challenge is that video communication systems, as
well as other computer-mediated communication systems,
do not allow partners to experience the sensation of a
physical touch [31]. Physical touch may include acts such
as hugs, caresses, or handholding. Such touches have been
shown to be critical for the physical and mental well-being
of couples [12,31]. For these reasons, our research explores
the design of systems to support physical touch over
distance for long distance couples. Previous work has
explored intimacy by designing prototypes based on the
analogy of hand-holding using heat and movement [14] and
wearable tactile devices for the arm [35] which are useful
for conversation discourse and conveying positive affect.
Our work builds on these efforts to explore acts of
synchronous physical touches over distance using
vibrotactile sensations.
First, we present the design of a tangible communication
system for distance-separated couples called Flex-N-Feel.
With Flex-N-Feel, couples are able to transmit touch to one
another over distance using a pair of interconnected gloves.
Bending the fingers in one glove causes vibrations to
appear in a second glove. Second, we present a lab study of
Flex-N-Feel with nine couples where we asked them to use
the tangible communication system where it was
augmented with either a Skype audio-only call, or a Skype
video call. Partners used the gloves in an open-ended
fashion in both situations. Through our prototype design
and evaluation, we sought to answer three main research
questions: What are the important characteristics of a
vibrotactile glove to facilitate a sense of touch between long
distance couples? How do couples use a vibrotactile glove
for supporting touch? How do video and audio connections
support or hinder the use of vibrotactile gloves?
Our evaluation of Flex-N-Feel revealed that couples valued
the experience of touch and enjoyed the interaction more

with a Skype video connection. They felt a strong sense of
presence when using the gloves and felt more emotionally
connected with their partner. Couples used the gloves in a
variety of different ways, many of which we had not
envisioned. These related to four themes: shared actions,
playfulness, intimate touches, and presence. These results
reveal design suggestions for systems focused on sharing
touch over distance, including designing for appropriation,
the augmentation of current communication technologies
(as a starting point), and allowing users to manipulate the
properties of the sensory medium and the mobility of the
prototype.
RELATED WORK
LDR Communication

Many couples in LDRs rely heavily on computer-mediated
communication tools to connect over distance and these
systems provide an ever-increasing range of ways to stay
connected [32]. For example, text messaging is often used
throughout the day by couples to share details about one’s
ongoing happenings or to ask quick questions [25]. Email is
often used for coordinating tasks, sharing funny stories, or
reminiscing about one’s relationship [21,25]. We also see
couples use video communication to stay connected
[16,25,26,30] where some use open video links during the
evening to connect with one another and simulate shared
living [16,25,26]. Research has also shown that couples use
video communication systems to engage in intimate
activities and even sleep together with a video link open
[16,25,26]. Couples even make video calls during shopping,
touring locations, and sight-seeing activities [13,37].
Computer-mediated communication tools have been shown
to increase feelings of closeness between couples [1], build
mutual trust, and improve relationship satisfaction [9], yet
they lack one of the most important tangible aspects of
face-to-face conversation: the power of touch, which can
express an array of various subtle messages [8].
Technology Probes

There are a growing number of attempts to develop
affective technologies specifically for mediating intimacy
for LDR couples. First, prototypes have focused on
interconnected physical or digital objects that users can
interact with to cause an effect on one or more properties of
the remote partner’s object. One of the prominent themes in
this category is the use of ambient communication through
interactions. For example, with LumiTouch, a pair of
interactive picture frames light up when partners touch
them [5]. Prototypes have also supported the sharing of a
mutual activity where partners are able to perform the same
activity together much like they are collocated. For
example, Lovers’ Cups facilitates shared drinking [7], while
SleepyWhispers allows partners to share goodnight
messages [15]. Other technologies have focused on
connecting couples throughout the day using objects from
their daily lives. For example, Cubble used a stationary
object along with a mobile app to allow couples to share
simple messages through vibrations, color signals, and

thermal feedback [23]. WearLove [22] consisted of a wristworn device that transmitted heart-shaped symbols mixed
with gamification to encourage and enhance affective
communication. These provide awareness that a partner is
thinking about you.
Second, prototypes have been designed for partners to feel
physical interactions directly on their body. For example,
physiological signals such as heartbeats could be sent
between partners through vibrations in a ring [36] or
interconnected beds [11]. Slippers could heat up or vibrate
based on remote touch [6]. Prototypes have even been
designed to convey acts of touching such as hugging over
distance via an inflatable vest [24,33], squeezing your
partners arm through an armband [35] or the use of gloves
to experience holding hands through movement and heat
sensations [14]. Huggy Pajama [33] produces hugs through
a vest using air actuators and are controlled by a pressure
sensing mobile doll by the remote person. Based on their
design work, Gooch and Watts explain that the design of
intimate communication devices for couples should
carefully consider the sensory medium used, design
openness, and the output of the technology (whether it is
fleeting or not) [13].
The aforementioned prototypes represent physiological
signals either through explicit acts (e.g., touching,
squeezing or hugging) or implicit ones (e.g., heart rate,
sleep patterns). Our prototype is similar in that we attempt
to convey a sense of touch through explicit physical acts
with a focus on the hands. Yet our work differs in that we
have focused on exploring the use of fleeting vibrotactile
sensations to convey a sense of touch.
Vibrotactile Technology

Past research has suggested that physical touches could be
replicated through vibrotactile technology [29]. Tactile
technology has been used in several studies through
actuators such as vibration motors which are easily
embedded in mobile and wearable devices [2,4,18,24,28].
For example, TapTap is a wearable scarf designed for
emotional touch therapy; vibrotactile actuators are attached
to a scarf and were used to imitate touch gestures of tap,
press, stroke and contact [2]. Haans et al. [17] attached six
vibrotactile actuators to ones’ upper arm to imitate a
stroking effect. Study results showed that the design’s
touch-like qualities could be attributed to the vibrotactile
stimulation. CheekTouch is another system where
vibrotactile actuators were attached to the backside of a
touch screen phone [28] to imitate touch gestures such as
pat, slap, pinch, stroke, kiss and tickle. The system was
evaluated with couples over a phone call and couples found
it useful for non-verbal communication and feeling more
closely connected by their partner [27].
Rantala et al. [29] introduced a hand-held device using
vibrotactile stimulation to imitate different touch gestures.
The device was capable of detecting squeeze, strokes or
moving hands and was transferred to user’s palm and

fingers via four actuators. Through a study they found
squeezing was found to be easier and seamless method for
creating haptic content. Wang et al. [35] developed an
inflatable wearable tactile device for arms and showed
positive emotions were amplified and negative emotions
were reduced by using their device along with vocal
context. Wang [34] evaluated their device with couples and
found remote touch along with an audio channel helps
couples’ convey positive affect during conversations,
assists communication as a non-verbal modality, and
provides feelings of closeness. In this study couples were
asked to talk about specific topics while using the remote
touch device. In contrast, our study elicits more general
reactions from couples where we observe how they use our
device during conversation. Secondly in Wang’s study [34]
the complementary communication channel is limited to
speech only, whereas we explore the ways in which
couples’ use remote touch that is augmented by both video
and audio channels independently.
We have also seen products like Fundawear [38], which
transmits touch to personal parts of the body using a mobile
application, and Alert Shirt [39], a fan jersey to experience
what players feel during the game. Neither has been
publicly evaluated to understand user reactions to them.
Thus, as can be seen, most of the previous work has
mapped actuators to a particular body part for use in a very
specific manner. Our approach was not to limit the touch to
any specific part of the body; instead, we wanted our design
to convey an understanding that touch could be felt
anywhere and it was up to couples to decide.

one end of the connection simulates a hug at the other end
[24]. This was important because the way couples interact
with our prototype should itself serve as a reminder and
feeling as if their partner is sitting next to them [10].
3. Flexible. We realized that couples are unique in terms of
how they want to share touches with each other. As such,
we wanted to design our prototype so that it could support a
range of touches on different parts of the body. In this way,
we anticipated our prototype would fit into couples’
existing patterns of touching one another, which in turn
might help couples understand the relations between their
actions and the likely effects on their partner [20].
4. Private and Subtle. Touch between partners is
sometimes an act that is meant to be private and unnoticed
by others. For this reason, we wanted to select a sensory
medium that would allow distance-separated couples to
experience touch in a private and subtle manner, nearly
invisible to the public. Our hope was that this would make
the remote touch more intimate and increase their comfort
level to use it anywhere.
Prototype Design

We created our prototype to demonstrate the feasibility and
appropriateness of our concepts outlined above. Our
prototype consists of a pair of gloves. We call one of them
the ‘Flex’ glove (Figure 1) and the other one the ‘Feel’
glove (Figure 2).

DESIGNING FLEX-N-FEEL

Our goal was to prototype and explore the design of a
tangible communication system for distance-separated
couples that would allow them to share a physical touch
over distance. We first describe our design requirements
followed by the prototype design that we iteratively created.
Design Requirements

We began our design process by reflecting on the related
literature, as well as the manner in which couples interact.
Following this, we sketched out various designs for our
prototype system. Based on these efforts, we decided on
four design requirements for our prototype.

Figure 1: Flex Glove with flex sensors (shown in the left)
embedded in the glove’s fingers.

1. Mobility. We wanted our prototype to be able to be used
by couples on the go, anywhere, and at any time of the day.
This would help couples stay connected and feel each
other’s presence at any point in time that they desired. As
such, we felt that a wearable design could be easily taken
by the partners or worn at various points in the day.
2. Direct Mapping. We wanted to design our prototype’s
interactions such that the interactions themselves would
convey the partner’s intension, a touch. That is, we wanted
a one-to-one mapping between a partner’s action and how it
was received, rather than the action being abstracted. This
is similar to other prototypes where, for example, a hug at

Figure 2: Feel Glove with linear resonant actuators (shown in
the left) attached to the glove’s fingers.

‘Flex’ Interaction

We came up with the interaction of flexing or bending your
fingers to mediate a sense of touch. We felt that flexing
one’s fingers was a gentle, subtle and caring way to touch a
partner. We also recognized that touches most often come
from the fingers rather than the palm of one’s hand. For
these reasons, we designed our prototype to sense finger
movement rather than the overall movement of the hand.
We chose to use a pair of gloves as they can be easily worn
on one’s hand (although people may not want to wear
gloves while indoors over a long period of time).
The Flex glove contains flex sensors that measure the
amount of bend or flex in the wearer’s fingers (Figure 1,
left). That is, the flex sensor acts as a variable resistor that
reacts to the amount of bend or flex in the glove’s fingers.
We developed custom flex sensors based on the relative
lengths of each finger using Velostat [40] and copper tape.
These sensors were placed on top of each finger as shown
(Figure 1, left). The flex sensors provided a Teensy 3.2
microcontroller with a numeric value based on the amount
of the flex. We transferred the flex values of each finger to
the second glove using a Wi-Fi module.
‘Feel’ Sensing

The Feel glove contains three linear coin-shaped actuators
placed on the back of each finger to form an array of 12
actuators on the glove (Figure 2). The actuators map to each
finger on the Flex glove. Thus, if the index finger is flexed
on the Flex glove, the three actuators on the index finger of
the Feel glove vibrate. We developed a vibrotactile pattern
for the three actuators such that they vibrate in a linear
sequential pattern, imitating the feeling of a finger trickling
down one’s skin.
We mapped three actuators to the structure of the human
finger (Figure 3). The human finger is composed of three
phalanx bones, which are visible when looking at one’s
finger. Every region has pulp of fleshy mass, which is the
first point of contact on any surface. Based on this we
mapped an actuator for each region. We decided to use
small coin shaped actuators as their surface area is same to
each region on a human finger.

Initially we decided to place the array of actuators on the
outside / top of the hand, similar to resting hands on top of
your partner’s hand. This was due to the fact that there are a
large number of nerves in this part of the hand, which are
more receptive to vibrations. The limitation with this design
was that the touch would be limited to only one part of the
body as it is unnatural to place the topside of one’s hand on
body parts to transfer vibrations. Instead, we decided to
place the actuators on the palm side of the fingers so that
the partner wearing the Feel glove could move his or her
hand to different parts of the body. This ensures that the
touch is not limited to their hands only. This is similar to
the design of TapTap [2], a scarf intended to be worn in a
number of ways where actuators can touch any body part
that the wearer desires. One of the limitations with
vibrotactile sensation is that the vibrating actuators are not
capable of replicating the pressure of a touch. Alternatively,
couples can adjust the amount of pressure of the touch
themselves by placing their hand either gently against their
body or with added pressure.
Vibrotactile Pattern

We wanted to design a vibrotactile pattern which simulates
a stroking or caressing pattern on one’s skin. Research has
shown that different tactile sensations can be created by
varying the frequency, amplitude, duration and rhythm of
vibrotactile sensations [3]. The flex actions could be
translated to vibrotactile sensations as if a partner’s fingers
were slowly moving down one’s skin. We felt the gentle
movement of fingers forms a stronger emotional connection
rather than the movement of a complete hand. We created
this sensation by creating a waveform (as shown in Figure
4) in which the actuators reach their maximum amplitude
and then slowly reduce it by transferring the sensation to
the next actuator in a linear fashion. The maximum
amplitude or the peak of the vibrotactile sensations was
determined by the strength of the flex action of each finger
transmitted through the flex glove, i.e., if the fingers are
flexed more on the Flex glove, the amplitude would be
higher and hence the vibration would be more intense on
the Feel glove.

Figure 4: User pressing the soft-switch on the glove
Figure 3: Vibrotactile pattern resembling a gentle stroke.

The Form

We selected a glove based on properties of materiality and
the glove’s fitting. Firstly, we chose a glove made of Lycra
fabric, which has a soft texture that can potentially emulate
human skin. Secondly, we selected a tightly-fitting glove so
that the tightness and warmth of the glove can provide a
sense of intimacy. Both of these properties were important
for vibrotactile sensations to be felt on the skin because a
loosely-fitted glove and thick material would absorb most
of the vibrotactile sensations.
Initiation

We felt that it would be unnatural for partners to be able to
initiate a touch at any point in the day without the other
partner knowing, e.g., receiving a touch in the middle of the
workday, partners living in different time zones and
receiving a touch in the middle of the night. Thus, we
wanted partners to have a subtle way to ask the other person
if it is okay to initiate a touch. As such, communication
between the gloves is initiated through the use of a softswitch on the ends of both gloves (Figure 4). A soft-switch
is a flexible textile composite fabric that acts as a switch
under finger pressure. Either partner can initiate the touch
by pressing the soft-switch on their glove. Once it is
pressed, a small green LED starts blinking on both the
gloves. When the other partner notices the blinking LED on
his or her glove, they can choose to respond to the request
by pressing the soft-switch on their own glove. This causes
the LED to turn on indefinitely, which indicates that the
remote touch as been initiated. Partners can now share
touches between the gloves.
As a first step, and in order to test the basic design idea, the
gloves are currently designed in an asymmetric fashion
where one partner sends a touch to a remote partner, and
not vice versa. That said, one could imagine having a
second pair of gloves such that partners wear both a Flex
and Feel glove, one on each hand. This would allow both
partners to share touches at the same time.
Usage Scenarios

We imagined couples would want to use Flex-N-Feel in a
way that reflects their own relationship needs and
experiences. The following scenarios detail two ideas as
initial base cases and we anticipate that the design will be
used in a number of additional ways as couples appropriate
them as part of their own relationship to reflect their needs.
1) Thomas and Laura recently became separated due to
their jobs. Although they live in the same country and share
the same time zone, they are miles apart. They used to
watch television together after dinner when they were living
together. During this time, they would hold hands. Now that
they are apart, they use Flex-N-Feel to simulate shared
touch while they watch TV together. They use Skype to see
each other and both start watching a TV show on their own
TVs at the same time. Thomas wears the Flex glove and
Laura wears the Feel glove. Thomas flexes his fingers as if
he is grabbing Laura’s hands, while Laura simply places

the Feel glove on her wrist as if Thomas is holding her
hand and stroking her fingers.
2) Ron and Anna became separated when Anna moved to
Chicago to complete her PhD. Anna told Ron that she used
to really enjoy giving each other massages and caressing
each other’s shoulders as they lay next to each other in bed.
Ron decided to gift Anna Flex-N-Feel and now they use it
just before bedtime so they can replicate the way they use to
massage each other’s shoulders. Anna wears the Flex glove
and bends her fingers in the same way she used to when
rubbing Ron’s shoulders. Ron wears the Feel glove and
rests his hand on his shoulder so he can feel Anna’s
movements. This makes Anna and Ron feel more connected
and as if Anna is touching Ron while sitting next to him.
Overall, Flex-N-Feel was designed to be mobile so that
couples can stay connected throughout their day; flexible
such that couples can appropriate it in a way that makes
sense for their relationship; and, subtle and private so that
touches can be discreet, if desired. Certainly, not all acts of
touch are possible with the gloves. For example, it would be
very difficult to give a full back massage to a remote
partner given the reach of one’s hands. Instead, the design
is flexible within reason where a person could perform a
large range of touch actions for their partner, rather than all
types of touch. While we intended the gloves to support
private interactions, it is possible that the gloves may be
easily noticed in certain settings (e.g., indoors at the
workplace when gloves are not normally worn). Thus, even
though the vibrations may be unnoticed by others, the
gloves might be noticeable which may affect usage and
restrict what people do.
STUDY METHODOLOGY

We conducted an exploratory lab study to investigate: what
design characteristics are important for facilitating a sense
of touch between remote partners when using vibrotactile
gloves; how couples use vibrotactile gloves for supporting
touch; and, how video and audio connections support or
hinder the use of vibrotactile gloves. We designed a withinsubject study that augmented the gloves with two
communication modes, which are often used by couples in
LDRs [25]: voice calls and video communication. We
describe the details of our study next.
Participants and Recruitment

We recruited 18 people in total—nine heterosexual couples
via a snowball sampling technique. We sent mails within
our university inviting people to participate in our study and
asked them to forward this call to their friends and family
members. 5 of 18 participants were between 20 and 25
years old, 9 were between 26 and 30 years, and 4 were
between 31 and 40; thus, our participants generally
represented a young demographic. 3 of 9 couples were in a
relationship for more than 4 years, 3 couples between 1-4
years, and 3 were between 4-12 months. 7 of the 9 couples
had been in a long-distance relationship, separated from
their partner for a long period of time (4 months–2 years)

due to work or education. Two of the couples were
separated for shorter periods of time (1-2 weeks) due to
their travel plans. Most of the couples said they used phone
calls, text messages (SMS, WhatsApp, etc.), video chat
(Facetime, Skype etc.) and email to stay connected with
their partners during their separation. All of them said they
use video calls to connect emotionally with their partner.

Participants were not given specific instructions in terms of
how they should use our prototype. We asked them to use
the gloves freely and in whatever way they wanted. In this
study stage we were interested in seeing how couples used
our prototype, their emotional state and feeling while using
the gloves, and how audio and video impacted their
communication and usage.

Naturally, one caveat of our study is that participants were
not currently in a long distance relationship. While it
would have been better to get such participants, doing so
would have made the study pragmatically very difficult to
conduct as we would have needed to send remote partners
one of the gloves for each study session. As such, we used
collocated couples who had previously been in a long
distance relationship as a reasonable proxy. Nonetheless,
our study results should be interpreted with this limitation
in mind.

In our pilot testing, we tried a condition where only the
gloves were used and there was no Skype connection of any
sort. Couples found this experience somewhat boring and
highly desired the ability to talk to each other or see each
other while using the prototype. As such, we did not include
this as a condition in our study. That said, it is possible that
as people use the gloves longer term and grow used to
them, quiet and subtle interactions without video or voice
communication may turn out to be desirable, e.g., while
relaxing in bed ‘together.’ This is an open question for
future research.

Study Method
Initial Survey

We first conducted a pre-test questionnaire with each
participant to gather demographics and obtain background
information about their relationship including how
frequently they saw each other, the length of their
relationship, details of their existing communication
routine, how they maintained an emotional connection, and
how they expressed intimacy with each other. We gathered
this data from each participant individually in a paper-based
survey that couples were asked to fill out in different
rooms. The survey took ~10 minutes to complete. We
purposely had partners do it separately so that we could get
their responses without being influenced by one’s partner.
Prototype Usage

We began by demonstrating the technology and then asked
couples to try the gloves for 1-2 minutes. We taught them
how to initiate the touch and interact using the flex glove.
We asked them to switch the gloves and repeated the above
process. We made sure we taught them only the basics of
how the design worked such that we would not bias their
own usage of it during the remainder of the study. Next, we
asked the partners to go into two separate private rooms.
This was done in order to simulate a long distance
connection. The room consisted of a table and a
comfortable chair in front of a computer screen (Figure 5,
top right). Next, we gave participants a scenario that
described their relationship as one where they were
separated from each other over distance. We then asked the
couples to use the glove for 20 minutes, the first 10 minutes
with a Skype video connection open and the remaining 10
minutes with Skype audio going and no video. We
interchanged their gloves midway in each session to make
sure partners experienced both the Flex and the Feel glove.
We counterbalanced the order of Skype video and audio—
five couples started with Skype video and four with Skype
audio—such that we would not see order effects across all
participants.

Final Questionnaire and Interview

After their usage, participants independently completed a
post-test questionnaire (still in separate rooms) asking them
about the usability of the interface where they rated their
level of emotional connection and intimacy on a 5-point
Likert scale. We defined intimacy for the participants as the
experience of affectionate elements of touching (hugs,
kisses, hand-holding, etc.) with one’s partner, which makes
one feel more connected to that partner. We defined
emotional connection as what happens when two people
knowingly feel and perceive the same thing at the same
time. This was important as these terms can have different
meaning based on the context and a touch can convey a
variety of feelings.
Next, we conducted a semi-structured interview with both
of the partners separately so we could hear their own
perspectives without being influenced by their partner. We
asked them about specific properties of the glove and how
they mapped to in-person touch, their experience while
using both the gloves, their preference to use the glove with
Skype video or audio, their emotions while using the glove,
and, finally, whether they would like to use the glove in
their own relationship and, if so, how, when, and where.
We designed the post-test and interview questions such that
the participants could easily write down their private
thoughts on a piece of paper rather than sharing it with the
researchers, while the interview questions were more open
ended.
Data Collection & Analysis

We recorded the 20-minute session of the couple where
they were asked to use the gloves. We recorded participants
with a secondary camera that captured their hand
movements (Figure 5, bottom left). All interviews were
audio recorded and later transcribed. We analyzed our
interview transcripts using thematic analysis to understand
the main and recurring themes in our data. We coded the
video recordings of the study sessions to learn what

different types of uses and actions they performed with the
gloves. Our analysis revealed themes around couples’
speculative usage patterns, their interaction patterns,
preference for audio vs video, and usability of individual
components of the gloves. Next we present our results
based on the themes that emerged in our analysis. For
participant quotes, we refer to each person with the
abbreviation, CXY, where X indicates the couple number
and Y shows whether it is from the male (M) or female (F)
partner.

“Yeah, it's cool because it's awesome that once he initiates
that I get to choose about if I want to respond, maybe that
day I don't want to respond, then I don't. It's nice because it
gives both of us a chance to opt in or out.”– C5F
That said, couples said the initiation mechanism did not feel
natural or similar to the way they would have initiated an
in-person touch with their partner. They did not like the fact
they had to wait for their partner to accept the touch. They
responded to this by saying:
“No. There's no back and forth [when we’re together]. You
just touch.” – C6F
“No, because of these initiating and accepting phases. It
was not natural for me.” – C1M
Instead, some wanted a more personalized way to initiate
the touch like a gentle vibration pattern or voice activated
message.
Vibrotactile Patterns

Figure 5: The study setup showing a secondary camera for
video recording.
DESIGN CHARACTERISTICS

Overall, nearly all participants enjoyed using the gloves
with their partners. Participants expressed similar
sentiments and feelings with their partner as an in-person
touch. They said it was fun to play with and use the gloves.
Most participants said it was ‘cool’, a ‘novel’ idea and
appreciated the creativity of the concept and technology. 17
of 18 participants said they would like to use Flex-N-Feel if
they found themselves in a LDR again.
Participants rated the usability of the gloves quantitatively
on the post-study questionnaire. This was captured with a
Likert scale from 1-Strongly Disagree to 5-Strongly Agree
for the statements “I found the gloves easy to use” (mean=
4.33, stdev= 0.84) and “It was easy to learn how to use the
gloves” (mean= 4.77, stdev= 0.42). Thus, overall we can
see that the usability of the gloves was high. We followed
this with interview questions probing about the design
elements that we used for the gloves.
Initiation

Couples appreciated the initiation mechanism we
incorporated into the gloves. They felt it was easy to use
and understand the LED status. It gave the couples the
freedom to accept or reject the touch. They felt this might
be useful for couples who were living in different time
zones and unaware of their partner’s routine.
“That was pretty simple. You just flick it and you know ...
you get the response. If there was no LED, it would be
confusing.”– C3M

Half of the couples did not recognize the vibrotactile
pattern that we had created and the other half mentioned it
and felt that vibrations were too intense. After using FlexN-Feel for a while, the partner using the Feel glove
typically figured out how to control the intensity (by
pressing harder or softer on their body) and figured out the
mapping of vibrations to individual fingers. Sometimes the
partner using the Flex glove found it difficult to control the
intensity of the vibrations by flexing their fingers at
different levels. At times, the partner using the Feel glove
asked their partner to flex their fingers less to reduce the
intensity.
“We tried to like, I don't know how you would call it in
humans, but for dogs and stuff, it's like petting yourself. So
we tried that and it felt better than just holding somewhere.
We were also worried that it was too intense, so when we
were petting it felt better.”– C1F
Some couples recognize the vibrotactile pattern, but they
said it did not feel like a caress or a gentle stroke on their
skin. They felt the intensity should be less and slower.
“It lacked that softness of a touch but it feels somehow
simulated.”– C1F
“The pattern should change. I think right now, it’s very
monotonous. I think it should be varied, it should be left to
right, up to down, down to up, center to upwards, and
different patterns. The way you hold it, the way you tighten
it and loosen it up, says lots of things.” – C3F
We observed couples were flexing their fingers fast or slow
and thought the vibration would also follow the same
pattern. But the flex glove was not measuring the speed of
flex actions and, instead, just transferred a constant
vibrotactile pattern with varying amplitude.

Form

Couples appreciated the use of the objects we had chosen to
transmit and receive touch, although they felt the gloves
could support more finger dexterity. Overall they said it
was natural to use the gloves.
“I think it makes sense just because most of the touching we
do, I guess would be with hands. I think it's intuitive to use
gloves.” – C5F
But couples mentioned they would not like to use the
gloves throughout the day and would prefer something
smaller and lighter.
“I don't see that as an option to have it always on, like your
hand. But if it was something wearable or a ring, I would
have thought about it, but a glove is too much. Maybe in a
place that is too cold, maybe you wear the glove more of
the time. But I don't think I would ever use it or as
something that I always wear.” – C1F
Couples enjoyed wearing the Feel glove more as they were
always feeling the sensations from their partners. While the
partners using the Flex glove mentioned their experience
was limited as they could not get any feedback of how their
partners felt.
“I was disappointed when I used the other glove, because I
couldn’t feel it. I was like, “Oh, I want to feel it, but I
cannot.”– C3F
A few participants said that they preferred to use the Flex
glove more as they liked that fact that they could be in
control of the vibrations.
Location

Most of the couples said they would prefer to use the gloves
in their homes as normally touching happens at home or in
a private place. They preferred not to use the gloves in a
public space despite the fact that vibrotactile feedback is
private and cannot easily be seen by people nearby. This
was mainly because they desired to move their hands to
different parts of their body and thought it would be
inappropriate to do so in a public place even if the location
of their hands was somewhat mundane, e.g., placement on
their shoulders, leg, etc.
“I think that the touching part is more in the sphere of
intimacy in the private sphere so I wouldn't go around
using it. ”– C2F
Even still, some of the couples showed interest to use FlexN-Feel outside of their home once they were comfortable
using the technology.
“Home would be a good start. Once I figure it out and if
I'm comfortable with it, I could use it at work or traveling
too. I would start at home.”– C6M
Intimacy & Emotional Connection

We asked participants to quantitatively compare their
experience with Flex-N-Feel to the feelings they normally

felt when use their existing mode of communication. This
comparison was carried out irrespective of the associated
communication channel (audio or video) as we wanted to
get participants’ more general reaction to the gloves. That
is, we asked them to rate the entire experience of Flex N’
Feel, which included the use of audio/video as part of the
experience.
First, the rated their level of intimacy on a 5-point Likert
scale from 1-Very Low to 5-Very High. A Wilcoxon
signed-rank test showed couples elicit a statistically
significant change (Z=-2.005, p=0.0455) in their rating of
intimacy between their existing mode of communication
(Mdn=3) and Flex-N-Feel (Mdn=4). Second, they rated
their level of emotional connection on a 5-point Likert scale
from 1-Very Low to 5-Very High. A Wilcoxon signed-rank
test showed couples did not elicit a statistically significant
change (Z=-0.349, p=0.726) in their rating of emotional
connection between their existing mode of communication
(Mdn=3) and Flex-N-Feel (Mdn=4). Thus, overall, we see
that Flex-N-Feel was having some effects on the couples
and their experience with each other. We describe this
experience and its nuances qualitatively in the remainder of
the sections.
INTERACTION THEMES

Initially in the interview, couples talked about the
importance of touch in maintaining and strengthening their
relationship. Many couples described touch as a pillar of
their relationship. Through a careful examination of the
audio and video recordings of their Flex-N-Feel usage, we
found four main interaction themes emerge that reflected
these values. Some of the interactions are likely a result of
the novelty of the technology where participants were
exploring the design and ‘trying it out’ it out to see what
was possible. Thus, the interaction themes should be
thought of as one possible range of actions that could be
done with such a technology, where longer term studies
would be needed to show what couples truly value as part
of their relationship. The interaction themes also represent
the nuanced ways that the couples thought about using the
gloves, where the actions that were easy to perform may
suggest longer-term usage. We describe each interaction
theme next.
Shared Actions

First, we observed instances in time where both partners
performed the same action at the same time where they
often tried to complete a gesture with their partner. This
interaction took place when one partner reciprocated the
other’s action. Seven of nine couples performed these
shared actions at some point in their study session. For
example, we observed partners imitating a ‘pinky swear’
with each other where they tried to lock their pinky fingers
together in the air (a sign of significant promise); giving
each other a ‘high five’ of ‘fist bump’ (often a sign of
accomplishment); clasping hands together akin to hand
holding; and, trying to simulate a hug by both holding their

own computer monitor together. These actions were mostly
initiated by the partner using the Flex glove and were only
possible when they were using the gloves with the video
link going.
“We were trying different stuff and the best thing that work
for us was the pinky. If he was only flexing the pinky, it was
less vibration and it felt more emotional for me.” – C1F
We observed that most of the shared actions worked well
for the participants and were easy to do. Larger body
movements such as hugging the monitor, giving a high five
or crossing arms for a hug did not work well because the
gloves could not replicate the larger body movement found
with a hug. Instead, the benefit from these actions came
more from the video feed rather than the gloves since it
could more clearly depict the action. On the other hand,
shared interactions such as clasping hands, doing a pinky
swear, or performing a fist bump were directly tied and felt
by the gloves since these shared actions are accompanied
by a vibrotactile stimuli.
Playfulness

Second, we observed couples engaging in their own unique
form of personal playful activities that they said they would
normally do together as a co-located couple. These tended
to be unique for each couple. Five of nine couples
performed playful acts at some point in their study session.
For example, partners imitated a massage on their partners’
shoulder, scratched their partners back or head, tickled their
partners on their ankle or belly, played hand guessing
games, and played piano for their partners. Most of these
actions—apart from massaging their body parts—were
observed when couples were using the gloves with Skype
video.
“I asked her to put the glove on her belly, and then I just
bent my fingers and hear her really laugh, because it's
really like tickling her. It was really good. We can call this
flexing glove a tickling glove [laughs]”- C7M
There were some playful activities that did not work out as
couples expected. This included acts predicated on the
movement of one’s entire hand, such as, clapping hands and
playing ‘rock-paper-scissors’, because the gloves were
designed to only capture the movement of fingers. The
video and audio feeds helped partners understand what each
was trying to do so they could coordinate their actions, but
the gloves themselves were not able to convey the
somewhat-rich physical interaction.
Intimate Touches

Third, we observed partners using the gloves to perform
intimate touches on sensitive or private parts of their body
that others, besides their partner, typically did not touch.
For example, partners using the Feel glove moved their
hands to their face, neck, chest, stomach, or waist. One
female participant even touched her breast.

“My boobs, just to have fun of course and it's, when you
have the vibration gloves, it's nice.” – C2F
Six of nine couples performed intimate touches during at
least one point in their study session. While doing so,
participants were either describing their feelings of the
vibrations or referring to past experiences with their
partner. The partner using the Flex glove was found
imitating the same gesture in the air, near the camera where
their partners could see the hand movements. We realize
that because we conducted a lab study, couples were aware
of the fact that they were being recorded while using the
gloves. The setup was certainly not like their home
environment where they would likely feel more
comfortable performing intimate touches. As such, some
couples talked about wanting to intimately touch their
partner when at home with Flex-N-Feel, but not in the lab
setting.
“We tried face, we tried hand. What else did we do? I tried
shoulder. And we were thinking about some other stuff but
it was inappropriate.” – C1F
“I think it will be for different purpose like PG-13
purposes.” – C5F
Presence

Lastly, we observed all nine couples moving the Feel glove
to various parts of their body to feel their partner’s presence
over distance. That is, they wanted to know that their
partner was there and connected to them. They described
the gloves as adding an additional level of presence beyond
what the video or audio links could provide. Example
touches included moving the glove to their arms, face,
shoulder and their nose. As compared to the other themed
interactions, participants described these touches in a
different way; they were not so much about being playful or
intimate, they were about knowing the partner was present
and ‘there.’ We observed presence touches more often
when partners were using the audio-only connection and
were not able to see each other. Some couples described the
experience as though they could feel their partners sitting
next to them and touching them.
“The glove, added an embodied interaction with each
other, which is really good, because your body can interact
it. With the Skype you just have some visual cue from your
partner.”– C7M
“With gloves it’s like a step forward towards your
relationship. Like, phone call's good enough, but then
they'd be like, "Oh, hey don't be sad." Your voice can only
do that much. But with the gloves if I say, "It's okay. Don't
be sad and stuff." She'll actually feel it and be more
responsive.”– C5M
C3F was wearing a fitness band and she noticed her
heartbeat would rise whenever she was feeling the
vibrotactile sensation from her partner.

“When I was using a feel glove, you get to feel it, so the
heart beat obviously will rise, because you know that
somebody else is thinking about you. Somebody else is
trying to hold your hand. There’s the direct connection
which I wouldn’t be able to know that, unless I had this
band over here. This band would tell me.”– C3F
VIDEO VS. AUDIO COMMUNICATION

Couples preferred to the use the gloves with the Skype
video connection compared to audio-only. This was mainly
because they wanted to see their partners’ reactions and
facial expression while using the gloves.
“With video actually we can see each other, see the
emotion on the face and the actual gesture or what he's
doing and if he's looking at me now.” – C8F
“It helped our intimacy, especially with video. Yeah, I guess
it really worked.” – C7M
All of the couples felt that Flex-N-Feel was a richer
experience with video. The design was more intuitive and
responsive and they felt more intimately connected.
“I think it [video] makes it more intimate, because we try
hugging. I have my hands on my forearms. And he actually
held his arm out and pressed his arms. I could feel the
vibrations. Visually, I saw that he was reaching out to me.
Things like that made it feel more intimate and more
realistic.”– C5F
One participant expressed that the vibrotactile sensation
along with the video made him blush:
“In the Skype video I was blushing. It is something that you
would do, because you're not used to this, and if you get
something like this intimate response, it's a legit
connection.”– C3M
Using the gloves with an audio-only the connection
received a mixed response. Some partners found interaction
of the gloves to be meaningless without a video link. They
said that things were left for the imagination, the intention
of the haptic response was not clear, and there was an
overhead in their communication as the partners had to
describe what they were doing.
“I didn’t like it as much as the video because I could not
see his reaction, and it left a lot of things to your
imagination.”– C1F
“It was confusing because I could feel the haptic but I
didn’t know what my wife’s intention was.”– C3M
In contrast, some partners found the audio connection to be
fun and exciting. They said it turned the interactions into a
guessing game where their partners used their imagination
to figure out the movement.
“It was fun to figure out the pattern my partner was
making.”– C6M

“It provided us with a mystery feel because we didn’t know
what each of us were doing behind the screen” – C5M
Through video analysis we observed that couples who
started with the video connection first learned to operate the
gloves faster and faced less difficulties when playing with
them and trying new things. Their partners even taught
them how to use the gloves over the video connection when
they swapped gloves in the middle of the session.
At the end of the study, we asked couples if they would like
to use the gloves as a standalone communication device or
in conjunction with video or audio. Most of them felt that it
would not make sense to send random vibrations to their
partner throughout the day, while a few of them said that
such vibrations would indeed make them feel connected
throughout the day. Overall, the couples felt it was
important to see each other while using the gloves.
DISCUSSION
Usage Patterns and Interactions

Our results showed that all participants were intrigued by
the experience of being able to touch their partner over
distance. We observed a variety of ways that couples used
the gloves, including, shared actions, being playful,
providing intimate touches, and using the gloves to enable a
sense of presence. These categories are similar to Wang’s
work [34] where they categorize remote touch into four
categories based on couples’ usage of an inflatable armband
augmented with a small squeezable device and audio-only
communication. Uses included pre-defined codes and
testing; touch conveying positive affect; playful touches;
and, conversational touches [34]. Our work validates and
extends this set of usage categories by showing how people
behave when a video connection augments remote touch
and participants interact during an open ended, rather than
restricted task (which was the case for Wang’s work). The
difference in the two categorizations is our inclusion of
shared actions, which are likely easier to do when a video
connection augments the remote touch since people need to
align their hand movements. More broadly speaking, the
ways in which users performed their actions with Flex N’
Feel was also quite different than how actions were
performed in Wang’s prior work since the object of use was
much different (e.g., gloves vs. a squeezable device). Thus,
while the categorization of actions was similar, the ways in
which they manifested themselves were different.
The four categories we observed highlight the benefits of
the open-ended design where couples appropriated the
gloves to match their own needs, desires, and explorations
for touch. They also illustrate the types of behaviors that
couples might elicit more generally if they had devices that
allowed them to touch one another over distance. However,
it is likely the case that because our study was conducted in
a lab environment and participants’ behaviors were being
observed that couples did not exhibit the full range of
activities that they would use remote touch for. Behaviors

may also easily change over time and alter depending on
the context. We had wondered if the open-ended design of
the gloves would cause confusion in participants where they
might not know how they could make the design relevant
for their communication. Yet clearly this was not an issue
and shows promise for open-ended designs to connect
couples over distance. This idea has similarly been
reported for video communication systems used by long
distance couples [25,26]; we show its relevance for designs
supporting remote touch over distance.
We selected a sensory medium that provided subtle and
private sensations to partners along with the flexibility to
feel the sensations on any part of their body. But our
participants preferred to use the gloves in a private place,
rather than as an ‘anytime, anywhere’ device. This creates
an interesting juxtaposition: on one hand, couples value a
flexible communication tool, but, on the other hand, this
flexibility raises potential privacy and mobility issues. This,
in turn, raises the design question, how can one create a
flexible communication tool for couples that supports
mobility and flexible while still preserving privacy? We
were reasonably successful with gloves, but usage would
certainly be limited in places and times when gloves are not
normally worn. Further research is needed to continue the
exploration of this question.
Naturally, couples wanted more interaction capabilities
with their hands than we were able to provide. For example,
we observed couples trying different types of hand and
finger movements with the glove during our study. While
they were likely exploring the design to understand what it
could do and not necessarily what they wanted it to do, it
does suggest that users may anticipate a larger range of
supported interactions. Technically, it is challenging to
sense a large range of hand motions with a tangible
prototype, especially since the dexterity of a human hand is
enormous. Yet this would likely benefit users. As such,
those designing systems that support remote touch over
distance should consider a more diverse set of interactions
for sending and conveying information to one’s partner,
where all map to a user’s natural ways of interacting.
Form

Flex-N-Feel’s form factor was designed to afford various
kinds of tactile sensations. Most of the previously-built
prototypes that present physiological signals through
explicit acts (hugging [24,33], squeezing [29,35] or
touching [14]) do not support mobility in their usage
[5,11,15,23], support only a limited set of interactions
[14,22,28], or sensations are confined to only one part of
the body [17,22,36,38]. Flex-N-Feel was designed to
overcome these limitations, yet couples still wanted
something lighter and smaller. This raises the design
question: how could devices for remote touch be made even
smaller in size to support even greater mobility? Our design
work does not directly address this question; however, it is
certainly an open question for future research. Our results

point to the need for a design that fits into a variety of
contexts where people will value both the mobility of the
design as well as its ability to be used covertly, if desired.
Video vs. Audio

In general, we found couples preferred to use remote touch
in conjunction with a video connection to enrich the
experience. A minority of participants preferred to use it
with only an audio connection as this made it more fun and
playful. In contrast, couples were not sure of how they
would use remote touch as part of a standalone
communication device without an audio or video
connection. Based on this finding, we agree with Gooch et
al. [14] that it is better to augment existing communication
technologies with new ones in order for people to develop
meaningful experiences with the new technology. However,
we feel that this is likely a starting point; once users know
how to use a technology and have grown accustomed to it,
they may find value in using it on its own. Of course, this
requires further investigation.
Vibrotactile Sensations

An analysis of participants’ reactions to vibrotactile
sensations showed that the sensations were sometimes too
intense and half of the participants did not recognize the
patterns we had created. This is in line with work by
Rantala et al. [29] who showed that vibrotactile sensations
with higher amplitude were rated as more unpleasant. This
illustrates that subtle and slow vibrotactile sensations are
more effective in conveying feelings of intimacy and
emotional connection. Designers should consider this when
exploring remote touch over distance. Participants also
found it difficult to flex individual fingers to express certain
emotions. As such, we recommend that designers who
choose to use vibrotactile sensations give users the option
to control the properties of these sensations based on their
interaction with the prototype.
Asymmetry

Some of the participants in our study preferred to send
feelings of touch while others preferred to receive them.
While partners in our study did not develop a strong sense
of a power relationship when using the gloves, given their
asymmetric design, this is potentially because of the short
duration of the study. It is possible that longer-term usage
of asymmetric designs may create feelings of dominance
and hierarchy between partners because one is in control of
touches, despite an initiation sequence. Overall, couples felt
there was a need for mutuality with a touch, since a touch
gesture is a two-way interaction when co-located where
both of the partners receive some feedback that a touch is
occurring. We expected this reaction, but decided initially
to develop a single pair of gloves in order to understand
users’ early reactions to the concept. Our results suggest
that remote touch would be more fun and emotive if both
partners are able to send and receive touch at the same time.

CONCLUSION

Flex-N-Feel is a pair of gloves that allow couples to
facilitate a sense of touch when they are apart. Flex-N-feel
transmits the flex action of one partner over distance to
vibrotactile sensations to the remote partner. Our study
illustrated that vibrotactile sensations can enhance the way
couples communicate over distance, in particular, if the
sense of touch augments a video call using other
technologies. We found people used a simulated sense of
touch to support a range of behaviors including shared
actions, playful touches, intimate touches, and a shared
sense of presence. Longer-term usage of similar designs is
needed to understand what actions people find valuable
when usage is learned, understood, and appropriated within
real relationship settings. Overall, our research shows that
it is possible to simulate touch over distance and that touch
can be used as an important communication medium over
distance.
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