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Abstract 
Mediated social touch has the potential to enhance our in-
teractions with machines and with each other. We present 
three wearable tactile devices that generate affective hap-
tic sensations via three localised skin stretching modalities; 
pinching, squeezing, and twisting. The Pinch device is ad-
hered to the skin of the forearm, generating pinching sen-
sations in three locations. The Squeeze and Twist devices 
are wristbands that elicit squeezing and twisting sensations 
on the skin of the wrist. All of these devices are powered by 
shape memory alloy actuators, enabling them to be quiet, 
lightweight and discreet wearable interfaces, unlike their 
vibrotactile or servo-motor driven counterparts. 

We investigate the potential for these devices to be used 
in mediated social touch interactions by conducting pre-
liminary psychometric tests measuring affective response. 
The Pinch device and Squeeze wristband were found to 
simulate positive affective touch sensations, particularly in 
comparison to vibrotactile stimuli. 

Author Keywords 
Tactile Devices and Interfaces; Wearables; Mediated Social 
Touch. 
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Figure 1: The three wearable 
haptic devices designed in this 
study; Pinch, Squeeze and Twist 
(top to bottom) and illustrations of 
the human touch interactions they 
simulate. 

CCS Concepts 
•Human-centered computing → Human computer inter-
action (HCI); Haptic devices; User studies; 

Introduction 
Research on human touch has largely focused on discrimi-
native touch for sensing, but recent studies have recognised 
the importance of affective touch and its role in social inter-
actions [17, 7]. These findings support the growing field of 
research into haptic devices for mediated social touch [13], 
allowing people to communicate remotely via touch. 

Existing devices generally use vibration or motor-driven 
force to generate sensations on the skin that either replicate 
actual social touch (e.g. a handshake [19] or hug [25]) or 
communicate higher-level symbolic meaning between com-
municating parties [12]. Recently, however, there has been 
research into other methods of stimulation in an attempt 
to generate more natural and localised sensations [13]. To 
create mediated social touch interactions that are acces-
sible on-the-go throughout a person’s daily routine, such 
devices need to be wearable, comfortable and discreet. 

We present three wearable devices and investigate their 
ability to convey emotive touch sensations. The devices are 
designed to simulate three forms of human touch; pinch, 
squeeze and twist, as illustrated in figure 1. The Pinch de-
vice (figure 1 top) is based on our previous skin-stretching 
device [9]. Its triangular configuration provides more de-
grees of freedom with subsequent different alignments of 
skin stretching on the forearm. The Squeeze and Twist de-
vices are designed as wristbands, one which contracts to 
squeeze the wrist (figure 1 middle) and one which has ro-
tating elements to twist the skin (figure 1 bottom). We inves-
tigate the emotive responses of wearers to these different 
sensations. 
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Related Work 
The majority of existing haptic interfaces are vibration based. 
Efforts have been made to anthropomorphise vibrotactile 
feedback such as the CheekTouch [21] and ForcePhone 
[11] which use vibration patterns to signify different social 
interactions. The TaSST is a vibrotactile sleeve used for 
mediated social touches [14] such as for conveying squeez-
ing and stroking. Tsetserukou et al. [27] created a number 
of devices to elicit various human feelings. They used vi-
bration to simulate tickling, shivering and butterflies in the 
stomach and a speaker on the chest conveyed the other 
person’s heartbeat. 

While vibration motors are low cost, compact and effec-
tive, they are limited in the range of sensations they can 
elicit. Vibrotactile stimuli activate the fast-acting mechanore-
ceptors (the Meissner and Pacinian corpuscles) within the 
dermis which have a relatively large perceptive field. Skin 
stretching sensations, on the other hand, can also activate 
the slow-acting mechanoreceptors (Ruffini endings and 
Merkel’s disks) [5, 1] that have smaller receptive fields and 
process localised force information. Skin stretching is also 
capable of activating the CT afferents in human hairy skin 
which process social and affective touch [20]. This evidence 
suggests that vibrotactile stimuli alone may not be sufficient 
to simulate diverse and meaningful affective touch sensa-
tions. 

Existing skin-stretch devices and interfaces can be cate-
gorised by their location on the body. Finger-tip displays are 
commonly used [23, 6, 18, 26, 10, 4] for providing natural 
discriminative touch feedback in virtual situations. These 
devices are generally powered by servo-motors that move 
linkages or belts to create shear forces on the pad of the 
finger [23, 6, 18], or independently move metal pins on 
the skin surface [10, 4]. Some of these devices are wear-

LBW055, Page 2
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Figure 2: Pinch device structure. 
Arrows indicate the respective 
contraction of SMA coils S1, S2 
and S3. 

Figure 3: Orientation of the Pinch 
device on a user’s forearm. 

able [18, 26], but fingertip displays are generally only prac-
tical for specific interaction tasks rather than for wearing 
throughout the day. 

Skin-stretching or squeezing devices have also been de-
signed for the back of the hand [29], wrist [15, 24, 16], 
forearm [1, 2] and upper arm [3, 28]. These devices have 
been shown to provide intuitive proprioception information 
[1, 3], navigation information [2, 16], motion guidance [29] 
and affective touch [15, 28, 24, 8]. Most of these devices 
generate sensations by a motor-driven end effector that 
moves tangential to the skin [1, 16, 2, 3, 29, 24]. Most of 
these are wearable interfaces, but the motors and casings 
mean that they are bulky and potentially noisy. Some de-
vices have overcome these factors by using shape memory 
alloys (SMAs) to generate skin stretching [15, 8]. 

Of these devices, those that were designed for affective 
touch or mediated social touch have aimed to simulate real 
human interactions. Stanley and Kuchenbecker [24] created 
wrist-worn devices to simulate four types of human touch; 
tapping, dragging, squeezing, and twisting. The sensations 
were generally found to be comparable to human touch and 
participants reported that squeezing in particular felt natural 
and pleasant. Wang et al. created a servo-motor driven de-
vice that squeezes a listeners arm at specific times during 
a story. They found that it increased the listener’s sense of 
connectedness with the storyteller [28]. Knoop and Rossiter 
[15] created a wearable wristband designed to gently stroke 
the user’s skin as a method of conveying affection and emo-
tion. Hamdan et al. [8] used SMAs attached to pads ad-
hered to the skin in a number of ways to generate six dif-
ferent tactile sensations: pinching, directional stretching, 
pressing, pulling, dragging, and expanding. 
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Skin-Pinching Device 
Device Design 
The Pinch device (figures 2 and 3) consists of two structural 
3D printed parts (Wanhao Duplicator i3). The red part is 
printed with a flexible filament (TPU) and has six equal legs. 
At the end of three of those legs are circular rings within 
which poppers were attached and under which adhesive 
pads attached the device to the skin. Rigid reinforcement 
elements were 3D printed from PLA to strengthen the rings 
(shown in black in figure 2). The three shape memory alloy 
(SMA) coiled wires (BioMetal Helix, BMX series 15000) 
were attached to the ends of these rigid elements to create 
a triangular shaped device. 

User Study 
10 volunteers (7 males, 3 females) were asked to wear the 
device on the inside of their forearm orientated as shown in 
figure 3. Each SMA on the device was separately activated 
at three voltages (1.67 V, 2.5 V and 5 V), as described in 
[9], and participants were asked to rate the strength and 
pleasantness of the sensation on a scale of 1-10, consis-
tent with the Circumplex model of affect [22]. For com-
parison with existing devices, participants were asked to 
wear the Pinch device, the previous version [9] and a smart 
watch which provided vibration stimuli. Participants were 
asked which sensation(s) they preferred out of these de-
vices. 

To determine whether the device could be used to convey 
information, the three different SMAs were actuated and 
participants were asked to choose which SMA they thought 
had been activated. To investigate how subtle the device is, 
participants were asked to record each time they noticed a 
sensation from the device while they were doing nothing, 
reading a book or playing a game. The percentage of cor-
rectly noticed activations was recorded. 

LBW055, Page 3
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Figure 5: Perceived strength vs 
pleasantness of the Pinch device 
across all participants and voltage 
levels. Mean and standard 
deviation of all responses shown in 
blue (bold); individual participant 
responses, means and standard 
deviations in grey. 

Figure 6: Accuracy of detecting 
Pinch device stimulation whilst 
undertaking three different tasks. 
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Figure 4: Left and middle: Perceived strength (blue solid) and pleasantness (orange dashed) across all participants for each SMA S1, S2 and 
S3 at all voltages (left) and against activation voltage (middle). Bold lines represent mean responses, error bars represent 1 standard deviation. 
Right: Confusion matrix of the activated SMA S1, S2 or S3 and the perceived location of stimulation. 

Results 
As shown in figure 5, participants consistently found the 
Pinch device pleasant with little variation between partici-
pants. All participants reported that they preferred the sen-
sations generated by the Pinch device and the previous 
skin-stretching device in comparison to vibration. 

There was no significant difference (Welch’s t-test at 10% 
significance) between the SMA positions for both perceived 
strength and pleasantness (figure 4 left), but there is a 
positive Pearson correlation coefficient (r-val=0.866; p-
val=0.000) between perceived strength and the voltage 
of activation (figure 4 middle). Pleasantness is slightly in-
creased by increased voltage (r-val=0.314; p-val=0.003). 

Participants were able to correctly determine which SMA 
was activated with 90% mean accuracy. From the con-
fusion matrix (figure 4 right) it can be seen that all incor-
rect responses for SMA wires S1 and S2 stimulation were 
recorded as S3 stimulation (i.e. S3 had the most false pos-

itive responses). S3 also generated the fewest incorrect 
responses. This could be an indication that the location 
or direction on the forearm that SMA wire S3 stimulates is 
more sensitive than the areas stimulated by S1 and S2. 

When participants were distracted by tasks that took more 
concentration they were significantly less accurate at notic-
ing pinch sensations (supported by Welch’s t-test at 1% 
significance showing statistical independence); their % cor-
rectly noticed sensations was 99% for no task (std 3.2%), 
90% when reading (std 8.2%) and 61% when playing a 
game (std 15%), as shown in figure 6. In the previous study 
[9] it was found that vibration stimuli were consistently no-
ticed (mean 99%) during all tasks. This suggests that the 
Pinch device is able to convey subtle alerts where the user 
is less likely to be disturbed when involved in a task that re-
quires more concentration, but when they are not focusing 
on a task they notice the sensations. 

LBW055, Page 4
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Figure 7: Perceived strength and 
naturalness for the Squeeze and 
Twist wristbands across all 
participants. Mean and standard 
deviation shown in bold for 
Squeeze (blue solid, o markers) 
and Twist (orange dashed, x 
markers). 

Figure 8: Histogram of the users’ 
responses (where frequency 
indicates number of responses) on 
the effectiveness of the Squeeze 
(orange stripes) and Twist (blue 
solid) wristbands as an interaction 
device when activated by another 
person. 

Participant’s comments were generally positive with peo-
ple stating that the Pinch device felt "like a real human 
hand" and "like someone is touching me". They also com-
mented on the the fact that the Pinch device "is really quiet 
and doesn’t affect me and distract my attention" and "it’s 
lightweight and doesn’t put an extra burden on my arm". 
There were, however, some users who felt that the device 
had too many wires for it to be practical and that "the tactile 
feeling it brings does not appeal to me". 

Squeeze and Twist Wristbands 
Device Design 
Both wristbands are based on auxetic structures. The Squeeze 
wristband (figure 9 top) is made up of seven re-entrant 
hexagons placed end-to-end. It is 3D printed (Wanhao du-
plicator i3) from flexible filament (TPU). The coiled SMAs 
are attached along the centre of each auxetic unit. To avoid 
buckling of the wristband, PLA printed rods were glued to 
the structure between each unit (shown in black in figure 9 
top). Actuation of the SMAs causes the structure to shorten 
and to squeeze the wrist. The Twist wristband (figure 9 bot-
tom) is made up of a connection of crosses. Four crosses 
combine to make one auxetic unit. The wristband consists 
of nine auxetic units arranged alternating to 90°. Actuation 
of the SMAs causes each cross to rotate and to twist the 
skin. Both wristbands have adjustable velcro straps to en-
sure a secure fastening on the wrist and direct skin contact. 

User Study 
10 volunteers (8 males, 2 females) participated in this part 
of the study. The wristbands were worn on the user’s wrist 
and participants were asked to rate on a scale of 1-10 the 
strength of the device and how natural the generated sen-
sations felt. The participants were then asked to compare 
these sensations to that of a vibration device such as those 
found in a mobile phone for alerts. To test the devices as a 
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Figure 9: Structural diagrams of the Squeeze (top) and Twist 
(bottom) wristbands, illustrating subsections of the whole devices. 

means of long-distance interactions, a second participant 
activated the device remotely and the wearer was asked to 
rate out of 10 how effective they felt the interaction was in 
the context of using the device for mediated social interac-
tions. At the end of the experiment participants were asked 
for feedback on the device. 

Results 
The results show that the Squeeze wristband felt stronger 
and more natural than the Twist wristband (figure 7). When 
asked to compare the wristbands to vibration, participants 
found the Squeeze and Twist devices more natural with a 
mean rating of 9.3 (std 0.8) and 6.8 (std 1.0) respectively. 
Participants found the Squeeze wristband more effective 
than the Twist wristband when used as a remote device 
and activated by another person, with a mean effectiveness 
rating of 7.2 (std 1.0) for the Squeeze wristband and 4.2 
(std 1.0) for the Twist wristband (figure 8). 
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Figure 10: Illustration of what a 
future device design could look 
like; a wearable sleeve containing 
elements of the Pinch device in an 
array that is capable of eliciting a 
range of simulated human touches. 

Participant’s comments indicated that the wires were im-
practical and suggested making the wristbands remote con-
trolled. Future iterations of the devices can address this. 
Some participants commented that the rotation wristband 
did not generate strong enough sensations for them to re-
ally feel or appreciate the twisting motion. We will under-
take further design iterations to generate more effective 
twisting sensations. Aside from these suggested improve-
ments, participants commented that they liked the wrist-
band devices as they were not bulky or noisy. 

Discussion 
Pleasant sensations were generated by the Pinch device 
(figure 5) which was preferred to vibrotactile sensations. 
The location of actuation (S1, S2 or S3) did not correlate to 
pleasantness. However, figure 4 (right) suggests that the 
area of the forearm at S3 is most sensitive as participants 
had the least incorrect responses to this stimulation and all 
incorrect responses for S1 and S2 were recorded as S3. 

The Pinch device was able to provide information of dif-
ferent strengths as participants recorded an increase in 
perceived strength as voltage increased from 1.67V to 5V 
(figure 4 middle). This gives the Pinch device the potential 
to use different levels of voltages on the skin to simulate 
different sensations or to symbolise emotive meaning. 

As concentration on a task increased, participants were 
less accurate at detecting sensations generated by the 
Pinch device; comparing no task, reading and playing a 
game (figure 6). The Pinch device could therefore be used 
as a means of providing subtle alerts that do not disturb the 
user when concentrating on work or driving, for example. 

The Squeeze wristband was also able to provide natural 
sensations (figure 7). An advantage of it over the Pinch and 
previous skin-stretching device is that it is worn as a wrist-
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band rather than adhered to the skin and is therefore more 
practical as a wearable device. The Squeeze wristband was 
more effective at generating natural sensations compared 
to the Twist wristband (figure 7). When used as a communi-
cation device between two people, the Squeeze wristband 
was more effective at providing stimulations compared to 
the Twist wristband (figure 8). 

Conclusion and Future Work 
We have demonstrated that affective touch can be achieved 
with skin-manipulating devices that are preferred over de-
vices using vibrotactile sensations. We have shown that 
SMA-driven devices are capable of generating Pinch and 
Squeeze sensations on the skin that are pleasant and nat-
ural. The Twist sensation was less effective, however this 
could potentially be enhanced by adding points of contact to 
improve skin coupling. 

Further development of these devices will predominantly 
focus on making them untethered and remote controlled 
so that they can be truly wearable. This will allow us to test 
their effectiveness in real social interactions, outside of a 
laboratory environment. 

Another area of interest for future work is to combine multi-
ple Pinch units together to form a modular network of skin-
stretchers as illustrated in figure 10. This network can be 
embedded in fabric and worn discreetly underneath cloth-
ing. The modular format could become the haptic equiva-
lent of a prototyping toolkit [30], allowing people to design 
personalised touch interactions. Having a network of skin-
stretchers would greatly increase the capacity for providing 
information, at different locations, strengths and patterns. 

With these further developments, the devices could be dis-
creetly worn in daily life, giving people a means of both 
sending and receiving affective touch. 
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