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during Induced Emotional Stimuli
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Abstract—The human touch has long been recognized to promote physical, emotional, social, and spiritual comfort. There are
situations, however, when touch cannot be exchanged. Although mobile phones and web-based communication are ubiquitous,
touch—a communication modality that conveys powerful messages—is inexistent in modern communications media. This paper
describes a tele-touch device that transfers affective touch to another person through the internet. Commands for vibration, warmth,
and tickle were sent over the internet to a haptic device at the subjects’ forearm. With a heart rate (HR) monitor and a galvanic skin
response (GSR) sensor, the physiological effect of the tele-touch device was evaluated as the subjects watched an emotionally-laden
movie. We compared these to one group of subjects who were touched by their spouse or girlfriend and to subjects of a control group
where no touch was provided. Results show that the HR of the subjects with the tele-touch device was not significantly different from
those subjects who were touched by their loved ones. These results were in contrast to the subjects who were not provided with any
form of touch. On the other hand, the GSR results revealed that all the three touch conditions were different from one another.

Index Terms—Affective touch, human touch, tele-touch, heart rate, galvanic skin response
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FFECTIVE touch is important in human relationships.
Affective touches are those instances when a person
touches another when hugging and caressing the arms, or
the face. It is this kind of touch that can promote physical,
emotional, social, and spiritual comfort [1]. This tactile con-
tact is so powerful that a short touch can elicit strong emo-
tional experiences: from the comforting experience of being
touched by one’s spouse, to the discomfort caused by a
touch from a stranger [2]. Through touch, distinct emotions
such as anger, fear, disgust, love, gratitude, and sympathy
can be communicated [3]. Touch has also been found to be
an effective means to persuade someone and to gain compli-
ance. Inspired by the Greek mythology’s King Midas, whose
touch turned everything to gold, the Midas touch effect
increases people’s altruistic behavior and willingness to
comply to a request with a brief touch on the upper arm [4],
[5], [6]. The notion that “trust needs touch” [7] in closing a
business deal or a treaty highlights the need for touch.
There are situations when it is most crucial to touch and to
be touched. At one end, many young children who are having
transplants and are undergoing cancer treatments are forced
to be socially isolated in hospitals. The patients” mobility and
interactions are minimized to protect them from infections
due to their weak immune system. Treatments could take
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months for some, while for others, a couple of years. During
these periods, many would have to stop school and their
physical contact outside of the hospital is minimized. Lowrey
[8] observed that deprivation and isolation have harmful
effects on the well-being of hospitalized children. Among the
ill-effects that he found were “hostile aggressiveness, temper
tantrums, enuresis (bedwetting), speech defects, attention
demanding behavior, shyness and sensitiveness, difficulties
about food, stubbornness and negativism, selfishness, finger
sucking, and excessive crying”. On the contrary, Bakwin [9]
and Spitz [10] showed that hospitalized children responded
positively to continuous affective touch therapy, which
resulted into faster recovery and good appetite.

At the other extreme end are the elderly. The United
Nations estimates that people who are 60 years old or over
comprise 10 percent or more of the whole population [11]. By
2050, there will be two billion elderly people living worldwide
[12]. The elderly are vulnerable to experience higher rates of
loneliness [13], [14] and social isolation [15]. Among the cited
reasons are the broken social ties, the relocation to different
types of living and care communities, and the limitations
in physical and mental health [16]. An editorial in Geriatric
Nursing ([17]; p. 236) highlights a serious concern stating
that “Loneliness is a devastating illness—more so than any
physical illness—and can be fatal. Some people can overcome
a little, but the older the individual is, the more hazardous
loneliness becomes. A hug or touch is so important. Hospitals
and nursing homes are destroying people. There aren’t
enough nurses to go around.”

With economic globalization comes an emerging affection-
deprived sector: the migrants. In a report again by the United
Nations [18], there was an estimated 214 million international
migrants in 2010, an increase of 58 million since 1990. There
have been documented cases where people experienced
cultural shock [19] and emotional discomfort that caused
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tremendous psychological stress [20]. According to the Affec-
tion Exchange Theory [21], [22] affection deprivation has no
correlation with age and no relationship with ethnicity, but
men report significantly higher average affection deprivation
than women. It shows positive linear associations with loneli-
ness, depression, stress, alexithymia, preoccupied and fearful
avoidant attachment styles, and numbers of personality disor-
ders, mood and anxiety disorders, and secondary immune
disorders. Affection deprivation has negative linear associa-
tions for general health, happiness, social support, relation-
ship satisfaction, and attachment security.

Although the internet has brought us much progress,
video, audio, and text alone are inadequate to fully commu-
nicate the richness of human expression. Touch is a subtle
yet powerful nonverbal modality that modern communica-
tions media have missed out. Popular online communica-
tion programs like Facebook Messenger (Facebook Inc.) and
Skype (Skype Communications, Microsoft Corp.) are unable
to provide the ‘touch factor’. There were a few notable
examples: the HandJive [23] and LoveBomb [24] are mobile
haptic devices that fit in one hand. They were intended to
break the silence during a meeting and to anonimously
send a user’s state of emotion of either happiness or sadness
to people at a certain distance. Interaction in Hand]Jive is
done using patterns and routines through electrical switches
while LoveBomb used two buttons for two emotions (happi-
ness and sadness) as input and two corresponding vibra-
tions as output.

Comtouch [25] and Share2Talk [26] are independent
audio-tactile interfaces intended for mobile phones. Com-
touch translates finger pressure into vibration whereas in
Share2Talk, a preset or created message similar to SMS is
sent and mapped to a specific vibration. Haptic instant mes-
saging [27] was designed to complement text messages with
haptic effects and hapticons (small programmed patterns).
These hapticons can be communicated through an interface
such as FootlO device [28] to let the users send haptic mes-
sages through their feet. Wearable devices that enable users
to send tactile sensations through a vest or a shirt were also
previously developed. HugMe [29] is a haptic jacket that
has embedded vibrotactile actuators on the upper arm and
upper chest. Hug Shirt [30] is a shirt embedded with sensors
where users can send “hugs” from a distance through Java-
enabled mobile phones. The HaptiHug [31] combines the
virtual world, Second Life (Linden Research, Inc.), to pro-
vide real time hug sensation.

Haans and colleagues [32] used vibrotactile stimuli
through a vest and arm straps to make participants
believe that a male or female stranger was remotely touch-
ing them at different parts of the body. The authors report
that touches on the stomach, arm, and wrist were signifi-
cantly less pleasant than touches on the upper and lower
back regions, thus providing partial support that medi-
ated social touch is actually perceived as a real touch.
Wang and Quek [33] designed a shape memory alloy-
actuated haptic device that provides a contracting motion
on the subjects’ arms. The effects of remote touch were
evaluated when subjects were asked to listen to a sad
story as told by a professional actress. However, only
qualitative measures were used to determine the changes
in the subjects” current feelings and emotions. Teh and
colleagues [34] described the Huggy Pajama system that

made use of air pockets to reproduce a hug, a heating sys-
tem to produce warmth, and color changing fabric display
to indicate the distance of separation. There was no user
evaluation that was reported in that paper. Suhonen and
colleagues [35] compared the squeezing movements and
the thermal feedback of their haptic device with speech-
only communication. Using self-reported perceptions of
the users about the system, the authors found that the
added haptic modality allowed conveying emphases,
emotions, and increased the feeling of closeness between
the dyads of experimental subjects.

To test the Midas touch effect with devices, Haans and
colleagues demonstrated that an electromechanical stimula-
tion has similar effects to human touch in experiments
where the subjects helped the experimenter pick up coins
[36] or pencils [37] that were thought to have been acciden-
tally dropped. In an economic decision-making game called
Ultimatum, Spapé and colleagues [38] demonstrated that
participants were more compliant (i.e., they accepted more
offers) and were more generous (i.e., they offered higher
amounts for sharing) when electromechanical touch were
provided as compared to those subjects who did not receive
the electromechanical touch.

A body-conforming tactile jacket was developed at Phi-
lips Research [39] to create an immersive movie watching
experience. The blood-volume pulse (BVP) and skin con-
ductivity levels (SCL) of 13 subjects were measured and
processed. Their experiments involved making the subjects
watch seven movie clips: Braveheart, When Harry met
Sally, Jurassic Park III, The Lion King, My Bodyguard,
Silence of the Lambs, and a Tom & Jerry cartoons. The sub-
jects were asked to watch the clips twice, once with the tac-
tile patterns activated on the jacket and once without. The
authors claimed that an immersive experience has indeed
been achieved. However, the experimental approach of
allowing the subjects to watch the movie twice may have
already influenced the novelty and the subsequent physio-
logical reactions of the viewers.

Except for the body-conforming tactile jacket [39], these
prior works that were mentioned have not tested the effects
of wearable haptic devices to the emotional state of the sub-
jects under a controlled laboratory condition with an emo-
tionally-eliciting movie scene. A technology that would
enable touch to be transferred and received could make
social interactions in modern telecommunications more
engaging. It may also have the potential to subdue the nega-
tive effects of social isolation. We aim to evaluate the effec-
tiveness and benefits of an affective tele-touch system to
people who are physically separated. To test that idea, we
developed a system that can transmit and receive touch
over the internet, albeit in a one-way direction for the mean-
time. The experimental questions of the present study are as
follows: (1) Does watching an emotionally-eliciting movie
create autonomic reactions on the subjects? (2) If there are
physiological reactions, does the tele-touch device have sim-
ilar effect like human touch on the subjects as compared to
when touch was not provided? The next section presents
the development of the tele-touch system. Section 3
describes the experimental procedure. Section 4 presents
the findings from the heart rate (HR) monitor and galvanic
skin response sensors (GSR). The concluding remarks are
given in Section 5.
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Internet Transmission

Actuation Subsystem

Sensory Subsystem

Fig. 1. Affective tele-touch system. At the sensory subsystem side (left),
pressure and temperature data from the experimenter’s hand are trans-
mitted over the internet. The data are decoded and are presented as
vibration, heat, and tickle to the experimental subject at the actuation
subsystem side (right).

2 THE AFFECTIVE TELE-TOUCH SYSTEM

The affective tele-touch system consists of the sensory and
actuation subsystems (Fig. 1). On the sensory side, a cus-
tom-designed cushioned ball acquires contact information,
such as the amount of grasping force and the heat from the
hand of the experimenter. The data is processed and is sent
through the internet. On the actuation side, the signals for
pressure and warmth are decoded and are presented to the
communication partner using a tele-touch interface.

The architecture of the affective tele-touch system is
shown in Fig. 2. In terms of specific hardware components,
the cushioned ball has force, temperature, and flexion sen-
sors that were embedded on soft fabric. As the ball is
grasped, the surface pressure induces subsurface stresses,
which the embedded sensors detect. On the actuation side,
the network manager accepts the transmitted data. The data
manager then processes the data to convert the binary sig-
nals to appropriate signals for producing vibrations, heat,
and tickle. The interface on the recipient of the tele-touch
was designed as an actuated armband.

Each subsystem was connected to a computer that com-
municates to each other through a network over the inter-
net. The communication server and the client update their
respective sensor and actuator softwares so that the infor-
mation (i.e., server event log and sensor/actuator levels)
can be viewed on the monitor. Both softwares were
designed using C# programming on Visual Studio (Micro-
soft Corp). Two microprocessors (Arduino mega 2560,
Smart Projects) were responsible for receiving sensory infor-
mation from the sensors and providing actuation. These
subsystems were serially connected to their respective com-
puters so that the information can be passed from the sen-
sory to the actuation subsystem.

In more detail, the tele-touch system has three modalities.
First, exerting a grasping force of up 10 N on the force sen-
sors (FSR 400 series, Interlink Electronics) at the sensory side
results in the activation of the vibration motors (Shaftless
Vibration Motor, Pololu Corp.) in the actuation side. The sen-
sory side has five force sensors. Each sensor has five levels of
force sensing partitioned at 2 N apart (i.e., 2, 4, 6,8, 10 N). At
the actuation side, five different levels were created for each
vibration motor. The motor has a maximum amplitude of
0.75 g and a maximum speed of 14,000 RPM, which gives us
a maximum frequency, f, of approximately 200 Hz (i.e., f =
RPM/60). Altogether, 25 levels of vibration can be created
from the experimenter’s grasp. This was an attempt to create
non-identical contact forces analogous to the contact forces
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Fig. 2. The system architecture for a one-direction demonstrator. The
hardware components of the sensory and actuator subsystems are
shown. Sensory data are transmitted over the internet to activate the
tele-touch device at the actuator side.

exerted by the human fingers in a prototypical grasping task
[40]. Second, a temperature sensor (LM35, Texas Instru-
ments; precision 0.2 °C) was located on the sensory side to
measure the palm temperature. This was translated to the
heat produced at the actuation end by the heating elements
to replicate human warmth. The temperature of the trans-
ferred heat can reach up to 29 °C. This temperature was the
most preferred temperature by the human subjects based on
our work on replicating the temperatures of the palm and
index fingers using synthetic skins [41]. Lastly, when the flex
sensor (FS-L-0112-103-ST, Spectra Symbol) is bent at the sen-
sory side, the DC motor at the actuation end was executed.
To create a tickling sensation, the feather attached to a DC
motor rotated with 5 increasing levels depending on the
degree of bending from the flex sensor.

At the sensory subsystem side, the five force sensing
resistors, temperature sensors, and flex sensors were con-
nected to their own analog-to-digital converter (ADC) chan-
nels of the microcontroller. The ADC channel converts the
analog voltage into a 10-bit digital data for internal process-
ing. The microprocessor processes the input voltages from
every ADC input port that were used and were split into
individual sensor levels. The communication protocol
between the Arduino controller to the computer on both
actuator and sensory sides was implemented using univer-
sal asynchronous receiver/transmitter (UART) at 9,600
baud rate with 8 bits with no parity and one stop bit via
serial cable. Every force, temperature, and tickle data were
scaled to 8 bits to reduce the amount of data to be sent at
one time over the internet. The sensor software sends the
sensory data in the form of pXXXXXtXfX to the actuator
software. The protocol pXXXXX is for pressure, where p is
for the pressure data and the next 5 X values are the force
levels of each finger. The protocol tX is for temperature,
where t represents temperature and X is the detected tem-
perature. The protocol X is for tickle, where X is for the
rotational speed of the motor.

At the actuation side, the computer receives the data
from the sensory subsystem. The actuation software directly
forwards the data through serial communications to the
microprocessor. Upon receiving the data, an interrupt was
immediately initiated to split the data into its respective
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individual levels and then stored in a global buffer. The
data received was fed to the microcontroller. Pulse-width
modulation (PWM) signals were sent to the five flexible
heating elements made from polyimide (HK5200R5.2L12B,
Minco Sensors and Heaters), to the DC motor (65 rpm max),
where the feather was mounted, and to the five different
vibration motors (0.75 g vibration amplitude with a supply
of 3 V). Each vibration motor corresponded to each of the
finger pressure data received from the sensory side.

To test the time delay during the transmission of the tele-
touch signals, an experiment was conducted at the labora-
tory using a computer with Intel Core i3 processor, 4 GB
RAM, and an Ethernet speed of 100 Mbps. The data trans-
mission frequency was 50 Hz. We compared the delays
under the conditions when a tele-touch signal was sent or
not. An average time delay of 129 msec was recorded when
the cushioned ball at the sensory side was squeezed. With
no sensory input, the time delay was 105 ms. According to
psychophysicists, the threshold for perceiving asynchrony
between events can vary from 20 to 200 msec, depending on
stimulus settings and sensory modality [42], [43], [44]. In
the context of telemanipulation systems, it was suggested
that a delay of 100 msec was allowable [45].

3 METHODS

3.1 Participants

In the present study, we aim to test a teletouch device using
physiological measures when subjects watch an emotion-
ally-laden movie. Research suggests that there are gender
differences in one’s capacity for empathy or one’s ability to
understand the emotions and feelings of others in relation
to oneself. The gender difference starts from birth and was
shown to be consistent across the lifespan [46], [47]. Females
tend to score higher than males in self-reported evaluation
of empathy [48], [49], [50]. It was hypothesized that the dif-
ferences may have come from the roles that males and
females take throughout evolution [51]. Considering that
the subjects could take the perspective of the male character
in the movie, we selected male subjects for this study and
recorded their physiological response.

Thirty healthy male subjects were recruited for the exper-
iment by email. All participants were undergraduate or
graduate students (18-30 years old) at the National Univer-
sity of Singapore. The subjects were divided into three
groups with 10 subjects each. Subjects for the control group,
the no-touch (NT) group, were not provided with any form
of touch during the experiment. The subjects for the human
touch (HT) group were accompanied by their spouse or girl-
friend, who will then touch the subject during the experi-
ment. For the last group, the experimenter assisted the
subjects of the tele-touch (TT) group in mounting the device
at the start of the experiment. He left the room afterwards in
order to activate the device from another room. The subjects
from these last two groups were touched at the hairy part of
their forearm. It is at this location where C-tactile (CT) affer-
ents are known to be concentrated [52]. CT afferents are
responsible for the sensation of pleasurable touch [53], [54].

For the HT group, the spouse or girlfriend was chosen to
touch the subject because our pilot tests [55] showed that
touch from a stranger resulted into the discomfort of the

subjects, which led to ambiguous readings from the physio-
logical sensors. Moreover, earlier works showed that the
touch received by couples in stressful activities resulted
into lower systolic and diastolic heart pressure as compared
to those couples who did not touch each other [56]. Since
the majority of our subjects were undergraduate students, a
further exclusion criterion was to choose subjects without
children in order to have a balance in the three groups.

We conducted a sensitivity power analysis [57] to deter-
mine the effect size that we could detect given our sample
size. With an alpha of 0.05 and a recommended power of
0.80, the calculated effect size was 0.60 for three groups hav-
ing a total sample size of 30. We compared this effect size to
an earlier study on the detection of physiological measures
from movie watching [58]. The calculated effect size was
0.51 using the same alpha and power for two groups (male
and female) for a total sample size of 32. Both effect sizes
can be considered as large using Cohen’s criteria [59], where
a large effect size implies large observable difference among
the groups.

The experimental procedures consisted of purely physio-
logical data collection (heart rate and skin conductance).
The procedures did not include invasive or potentially dan-
gerous methods and were in accordance with the Code of
Ethics of the World Medical Association (Declaration of
Helsinki). Data were stored and analyzed anonymously. All
participants gave written informed consent and were reim-
bursed $8 each for their participation.

3.2 Experimental Procedure

To test the variations across the three groups (i.e., NT, HT
and TT), we compared the subjects’ physiological data
using cardiovascular and electrodermal measures. These
types of measures were chosen because these are the most
used for autonomic nervous system (ANS) activity in emo-
tion. The ANS, also known as the involuntary nervous sys-
tem, innervates cardiac muscle, smooth muscle, and various
endocrine and exocrine glands and functions without con-
scious, voluntary control [60]. While there is still no scien-
tific convergence on the relationship between emotions and
the ANS, there have been numerous experiments that have
investigated the response of the ANS in manipulated emo-
tions under laboratory conditions using cardiovascular and
electrodermal measures. Heart rate or heart rate variability
has a link with sympatho/vagal balance [61], [62], [63]. Gal-
vanic skin response activity was viewed as a sensitive and
convenient measure of indexing changes in sympathetic
arousal associated with emotion, cognition, and attention
[64]. Given that males show less empathy than females and
that males have more deliberate control over their emo-
tional expressions [65], [66], we excluded self-reports. Due
to the societal expectations in expressing emotions, male
subjects may have some reluctance in reporting empathic
experiences [67], which could introduce biases in the
results.

In a review of 134 literatures on the activity of the ANS
on emotion, Kreibig [68] reported that the commonly inves-
tigated negative emotions were anger, anxiety, disgust,
embarrassment, fear, and sadness while the positive emo-
tions were affection, amusement, contentment, happiness,
joy, anticipatory pleasure, pride, and relief. In that survey, it
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Galvanic Skin
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Heartbeat Rate
Sensor

Emotion-Eliciting Film
(Most, 2003)

Fig. 3. Experimental setup for a subject under the ‘tele-touch’ group. Phys-
iological measures in the form of heart rate and galvanic skin response
were taken as the subject watched an emotionally-eliciting movie.

was also reported that images [69], [70], music [71], [72] and
movies [73], [74], [75] were successful to stimulate emotion.
Among these, movie clips have been most utilized [76].
Schaefer [76] argues that movie clips have distinct advan-
tages, firstly because these are seen to be more effective in
sustained affective processing for longer periods of time at
both the subjective and physiological levels and secondly,
the participants are exposed to potential real-life scenarios
without the ethical constraints. Moreover, the typical
response measures were within 60 sec intervals [68].

It has earlier been demonstrated that film clips can induce
emotional stimuli [58]. A database of 52 film clips were cate-
gorized according to horror, erotic, scenery, social positive,
social negative, and object manipulation. In this database,
social negative and positive clips depict social interactions
but the content is clearly positive or negative and with low
appetitive or defensive motivation while object manipula-
tion depict categories without clear appetitive or defensive
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motivation. Multiple pairwise comparisons showed that
both the emotionally-arousing horror and erotic film clips
have caused significantly decreased heart rate and signifi-
cantly increased electrodermal responses in the subjects as
compared to the other film clip categories.

Based on those findings, we measured the physiological
responses of the subjects using a heart rate sensor (Iron Man
Heart Rate Monitor with Data Recorder 2, Timex) and a gal-
vanic skin response sensor (also known as Skin Conduc-
tance Rate (SCR) sensor [77]; model 2r, GSR Development
Kit, Shimmer), as shown in Fig. 3. Through a transmitter
strapped at the chest and a receiver at the wrist, the HR
monitor picks up the electrical impulses generated by the
polarization and depolarization of cardiac tissue, which
then translates into a waveform. Built-in microprocessors
then analyse the electrocardiogram signals to determine the
heart rate. The GSR measures the skin resistance between
electrodes. The electrodes were attached to the palmar side
of the middle phalanges of the index and middle fingers by
a velcro fastener. The sweat glands react with stimulus,
thus increasing skin moisture. Skin conductance increases
(or skin resistance decreases) due to the current flow that
arise from the changes in the balance of positive and nega-
tive ions in the secreted fluid.

To further test the tele-touch system, we made each
subject watch an emotion-eliciting movie titled the “Most”,
a Czech film released in 2003. A shorter version of the
movie was edited to 9 minutes long (see Supplementary
Material, which can be found on the Computer Society
Digital Library at http://doi.ieeecomputersociety.org/
10.1109/TAFFC.2015.2509985 and Fig. 4). No one among
the subjects has seen the movie before. The movie clip was
selected to induce strong emotions in a controlled labora-
tory condition. The movie was displayed on a 22.5 inch
monitor, in a dimly lit room of approximately 40 m?. The
audio consisted of a desktop speaker system (SRS D4;
27 Watts, Sony, Inc.). The participants were seated facing
the monitor.
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Fig. 4. Major scenes from the movie stimuli. These scenes evoked the highest variations in physiological measures. Human and tele-touches were
provided at the 20th second, which is at the 5:48 scene of the whole movie. No touches were applied to the control group.
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In summary, the movie was about a father and his only
son. The father works as an operator of a moveable bridge.
The bridge must be raised when a boat passes by and low-
ered every time a train would pass. One day, his son was
playing in the vicinity of the control station. As a train
was getting closer to the bridge, the son noticed that the
bridge was not being lowered as it was supposed to. The
son attempted to lower the bridge on his own through an
emergency mechanism but he fell inside the machine
room. The father was faced with a dilemma of pulling a
lever that will have two possible outcomes. By leaving the
bridge raised as it is, he will be able to save his son, who
was trapped at the bridge mechanism, but the passengers
from the passing train will die. Alternatively, by lowering
the bridge, the passengers will be saved but his son will
die. The father chose to save the passengers. He pulled
the lever to lower the bridge. The son was crushed under
the bridge.

Each subject went through a sequence of three phases in
the experiment: relaxation, video, and recovery. All through-
out the experiment, the HR and GSR data were continuously
collected because physiological reactions to the movie tend to
fluctuate throughout the experiment. For the relaxation
phase, the subjects were asked to rest for the baseline data to
be obtained. The subjects then watched the movie during the
video phase. Lastly, the recovery phase gave time for the sub-
jects to calm down. These phases took 5, 9.17 and 5 minutes,
respectively. In our pilot studies [55], we found that heart rate
readings became most elevated at 5:48 that showed the father
struggling to make a choice on pulling the lever or not. Thus,
the human touch and the tele-touch were applied at that
scene. Touching was stopped only at the end of the movie.

3.3 Data Processing

The HR and GSR data for the three experimental phases
were processed in MATLAB (v12b, Mathworks). We
employed a Hanning window band-pass filter (cf. [78], [79])
to the raw measurement signals to filter the noise. Specific
filters were designed for HR or GSR data. For the HR filter
design, a band-pass of low cut-off frequency of 0.02 Hz and
high cut-off frequency of 0.6 Hz were applied to filter off
the frequency components associated with thermoregula-
tory cycles, analyzing only those due to variations of sym-
pathetic and parasympathetic nervous system [80], [81]. For
the GSR filter design, we used a band-pass filter with a low
cut-off frequency of 0.2 Hz to split the phasic component of
the electrodermal activity from the tonic one and a high cut-
off frequency of 1 Hz to reduce artifacts caused by Ebbecke
waves [82] and to remove noise [80], [82]. Similar to proce-
dures in [78], [83], the filtered GSR signals were then nor-
malized according to equation (1):

GSRL - GSRmcun

GSRmuz - GSRmi’n ' (1)

GSR; o1 =

where GSR; 001 is the GSR value, GSR; is the GSR value at a
given point i, GSRycan, GSRyor and GSR,y,, are the mean,
maximum, and minimum value of GSR for a given subject
in each group, respectively. This process was performed
only on GSR signals to resolve the larger baseline fluctua-
tions among the subjects [78].

=+Tele-Touch

=+-No Touch 4#Human Touch

(@ .

Heart Rate Variation (bpm)
(=]

() o1

(%)

=

g 010

=

B

=

§ o5 S——— ——r—
@

g - - or =

US, 0.00

8 4 8 12 16 20 24 8 32 % 40
£ -00s

7]

e

§ 010 e —— it
S

O

-0.15
Movie Clip Duration (s)

Fig. 5. Physiological responses of the experimental groups for the 40
second duration of the movie. (a) Heart rate variation and (b) galvanic
skin response variation.

The baseline was set as the last 60 sec of the relaxation
phase just before the presentation of the movie (cf. [73],
[84]). The mean HR and GSR data at the baseline for each
subject were obtained.

In an earlier work, Carvalho et al. [58] made use of a 40
sec segment of a film, which was already sufficient to evoke
an emotional response. Similarly, we also selected a 40 sec
segment in the movie. For our data, we made use of the 20
sec scenes before the father held the lever and 20 sec after.
The scene where the father held the lever was at the 20th
second in the movie clip in Fig. 4.

From this 40 sec segment, the HR and GSR beyond two
SDs from the mean were excluded from the analysis
(cf. [85]). For the HR analysis, all the data of one partici-
pant in the NT group and another in the HT group were
excluded due to the high percentage of excluded data (i.e.,
>15 percent). For the remaining heart rate data, there were
0.51 percent of the data that were not included due to the
exclusion criterion. For the GSR analysis, all the data of
one participant in the NT group and two participants in
the HT group were excluded due to high percentage of
excluded data (i.e., >15 percent). There were 0.29 percent
of the data that were excluded for the remaining data.

Following the data analysis in [58], the mean HR and
GSR data for each subject were acquired for the consecutive
4 second epochs during the entire 40 seconds of film clip
exposure. To achieve meaningful comparisons between par-
ticipants, the baseline mean was subtracted from the mean
HR and GSR data (cf. [73], [58]). HR responses are shown in
Fig. 5a while GSR responses are shown in Fig. 5b for every
4 sec epochs of the movie clip.
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The mean HR and GSR data for each 4 sec epoch for each
group were then submitted to a one-way analysis of vari-
ance (ANOVA). The level for statistical significance was set
at p < 0.05 and all analyses were performed using SPSS
(v22,IBM, Chicago, USA).

4 RESULTS

The movie clip that we selected created a stress-inducing
emotion due to the threat of an impending danger that
could lead to the serious injury or death of either the child
or the train passengers. The experiment aimed to answer (1)
whether the movie has an effect on physiological reactions
of the subjects, and (2) if there is an effect, would the tele-
touch be similar to the human touch, but not with the no-
touch condition?

4.1 Effects of the Movie on the Physiological
Responses

To investigate the effect of the movie scene on the physio-
logical measures, we computed for the slope of the three
touch conditions in Fig. 5 for the current 4 sec epoch to the
next 4 sec epoch. The resulting slopes were normalized with
respect to the maximum magnitudes of HR and GSR (see
results in Fig. 6).

For the no-touch condition, Fig. 6a shows that when
the heart rate data are increasing, the skin response data
are decreasing and vice versa. A Pearson product-
moment correlation coefficient confirms a strong negative
correlation between the subjects” HR and GSR responses
for the movie segment, r = —0.683, n = 9, p = 0.042.
Results also indicate that if the HR data were on the posi-
tive half of the chart, the skin response data were on the
negative half and vice versa. The data crossed the zero
slope at the 20 to 24 sec period. This was the period when
the father first held the lever that would result into the
death of his son. The scene was followed by the caption:
“or pull the lever” (see Fig. 4). After these, the scene of
the trapped child was shown followed by the scene where
the father was in a high state of distress (32 sec).

For the human touch condition, the subject’s spouse or
girlfriend was instructed to touch the arm of the subject
starting at 5:48 of the movie (20 sec in Fig. 4), which is the
scene where the father held the lever. There was a moderate
negative correlation between subjects’ HR and GSR
responses for the movie segment, r = —0.397, n =9, p =
0.290 (Fig. 6b). The HT condition’s HR and GSR data appear
to lag at the 12 to 20 sec period as compared to the NT con-
trol condition. When human touch was applied at the 20 to
24 sec period, both the HR and GSR data takes the opposite
pattern as compared to the control condition. The slopes
seem to return to the typical pattern as the control experi-
ment starting at the 28th sec.

For the tele-touch condition, both the HR and GSR
responses appear to be attenuated from 4 to 20 sec or
before the tele-touch was activated by the experimenter
(Fig. 6¢c). When the tele-touch was applied starting at the
20th sec, notice that the HR data were on the negative
half while the GSR data were on the positive half. This
trend was similar to the NT control condition and to the
latter part of the HT condition. When the tele-touch was
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imental groups. (a) No-Touch, (b) Human Touch, and (c) Tele-Touch.

initially applied from 20 to 32 sec, there was a very strong
positive correlation between the HR and GSR data, r =
0.776, n = 3, p = 0.435. When compared to the NT control
condition, the increasing slope of the tele-touch was
steeper immediately after the touch was activated at 20 to
28 sec period. There was an equally steep decrease in
slope at the 28 to 32 sec period. After this, the TT’s
increasing HR slope and decreasing GSR slope follows
the pattern of NT and HT. However, for the entire 40 sec
movie segment, the correlation coefficient shows a negli-
gible relationship between the subjects’ HR and GSR
responses, r = —0.062, n =9, p = 0.875.

4.2 Effects of the Touch Conditions

The HR and GSR data for each 4 sec epoch in Fig. 5 were
subjected to statistical analysis. For the heart rate variations
(Fig. 7a), the ANOVA showed statistically significant effect
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of the factor touch type categories [F(2,27) = 9.139, p =
0.001]. Post hoc Tukey HSD comparisons revealed that the
no-touch group (M = 0.3808 bpm, SD = 1.6451 bpm) had an
increased heart rate compared to both the human touch (M
= —0.8490 bpm, SD = 0.5585 bpm, p = 0.041) and the tele-
touch M = —1.6487 bpm, SD = 0.6424 bpm; p = 0.001)
groups. No statistically significant difference was found
between the human touch and the tele-touch (p = 0.234).

For the galvanic skin response variations (Fig. 7b), results
showed statistically significant effect of the factor touch type
categories [F(2,27) = 3534.12, p < 0.001]. The post hoc Tukey
HSD comparisons revealed that the GSR variations for the
three groups were statistically significant from one another
(p < 0.001) with the no-touch group having the highest GSR
reading M = 0.0553 uS, SD = 0.0037 uS) followed by the
tele-touch (M = 0.0334 1S, SD = 0.0099 1S) and the human
touch group (M = —0.1042 S, SD = 0.0031 ©S) with the
least GSR reaction.

Taken together, the analysis on the heart rate variations
showed that the artificially-generated touch did not have
statistically significant difference compared to those who
were touched by their spouse or girlfriend, but both touch
conditions were different from the no-touch condition. On
the other hand, the analysis on the galvanic skin response
variations revealed that all the three touch conditions were
different from one another although the mean GSR of the
tele-touch was closer to the no-touch condition than to the
human touch.

5 CONCLUSION

“Without touch, a baby dies, the human heart aches, the
soul withers. Touch is communication on the most basic
level. The need for touch is a necessity throughout our lives,
from birth to death, which serves to sustain us emotionally
and physically” [86]. Considering the ill-effects of touch
deprivation in society today, the current paper investigated
whether artificially-generated affective touch, which was
passed over the internet, can produce similar results just
like when the touch is made by another person as if the per-
son were there. We developed a tele-touch system that was
able to transmit pressure and heat information from the
sender of the touch to the receiver of the touch in the form
of vibration, warmth, and tickling sensations through a hap-
tic device. We evaluated the tele-touch system by compar-
ing it with the condition where one group of subjects was
not touched and another group of subjects was touched by
their spouse or girlfriend. We measured their cardivascular
and electrodermal responses as they watched a stress-
inducing film where the father had to make a decision that
can save either his son or the train passengers from serious
bodily harm or death.

The current paper aimed to answer two questions.
Firstly, we wanted to confirm whether a stressful movie can
influence physiological changes in the subjects. Indeed, we
were able to show that there was a strong negative correla-
tion between the HR and GSR responses of the subjects, par-
ticularly for the no-touch control condition. Our results
were consistent with earlier reported results in [87], [88],
[89], [90]. Movies that show impending injury, blood or
mutilation cause a deceleration in HR and an increase in
GSR activity. This pattern represents a stimulus-specific
aversive response where there is an increased sensory
intake and attentional processing as well as more sustained
attention [91], [89], [90].

Secondly, we wanted to evaluate the effects of the tele-
touch device and compare this to a control condition with-
out touch and to another condition where human touch was
provided to the subjects. Our findings showed that the tele-
touch did not have a significant difference with the human
touch for the heart rate variation (Fig. 7a). Importantly, we
found that both the human and tele-touches were signifi-
cantly different with the no-touch condition. For the varia-
tions in the galvanic skin response, we found that the GSR
responses were significantly different for all the three
groups (Fig. 7b). The no-touch condition has the highest
GSR variation, followed by the tele-touch and human touch.
It appears that the GSR response was attenuated by the
human touch as shown by the least GSR value among the
three conditions.

Certain limitations of this study must be recognized and
can be addressed in future works. First, a confound may
have been introduced when the experimenter touched the
subjects in the TT condition while the spouse or girlfriend
touched the subjects in the HT condition. Experiments that
involve touch from another human naturally introduce
additional confounding variables [37], [92]. For instance,
eye gaze, physical proximity, or the contact pressure of the
touch could have an effect on the results. Future experi-
ments could investigate on how to disentangle the
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confounding variables that might have been introduced by
the confederate or the experimenter. Second, the generaliz-
ability of the results would be restricted to the background
and culture of the subjects. There could be variation if sub-
jects of other nationality would have participated. Third,
with regard to gender differences on watching emotional
films, it has been suggested that there are differences on the
subjective level but not on the physiological measures [84].
It would be interesting to investigate the physiological
responses within the same gender and between genders
using the current experimental design. Lastly, the effects of
the tele-touch might have been different for other genre
of movies. Other researchers have investigated the effects of
horror, erotic, social positive, social negative, scenery, and
objects on HR and GSR responses [73], [58], [84], [93]. A
future work could look into the physiological reactions
when human or tele-touch interventions are provided.

ACKNOWLEDGMENTS

The work is supported by an NPRP grant from the Qatar
National Research Fund under the grant number NPRP
7-673-2-251. The statements made herein are solely the
responsibility of the authors.

REFERENCES

[1] S. O. Chang, “The conceptual structure of physical touch in
caring,” |. Adv. Nursing, vol. 33, pp. 820-827, 2001.

[2] A.Haans and W. IJsselsteijn, “Mediated social touch: A review of
current research and future directions,” Virtual Reality, vol. 9,
pp- 149-159, 2006.

[3] M. J. Hertenstein, D. Keltner, B. App, B. A. Bulleit, and A. R.
Jaskolka, “Touch communicates distinct emotions,” Emotion,
vol. 6, pp. 528-533, 2006.

[4] A.H. Crusco and C. G. Wetzel, “The Midas touch: The effects of
interpersonal touch on restaurant tipping,” Personality Social Psy-
chol. Bull., vol. 10, pp. 512-517, 1984.

[5] N. Gueguen, “Touch, awareness of touch, and compliance with a
request,” Perceptual Motor Skills, vol. 95, pp. 355-360, 2002.

[6] N. Gueguen and C. Jacob, “The effect of touch on tipping: An
evaluation in a French bar,” Int. ]. Hospitality Manage., vol. 24,
pp- 295-299, 2005.

[7] C.Handy, “Trust and the virtual organization,” Harvard Bus. Rev.,
vol. 73, pp. 40-50, 1995.

[8] L.G.Lowrey, “Personality distortion and early institutional care,”
Amer. ]. Orthopsychiatry, vol. 10, pp. 576-585, 1940.

[9] H. Bakwin, “Loneliness in infants,” Amer. ]. Diseases Children,
vol. 63, pp. 30-40, 1942.

[10] R. A. Spitz, “Hospitalism; an inquiry into the genesis of psychiat-
ric conditions in early childhood,” Psychoanal Study Child, vol. 1,
pp- 53-74, 1945.

[11] United Nations. World Population Ageing. (2002). [Online].
Available:  http://www.un.org/esa/population/publications/
worldageing19502050/ (accessed 20 Sep. 2014)

[12] United Nations. World Population Ageing. (2007). [Online].
Available:  http://www.un.org/esa/population/publications/
WPA2007 /wpp2007.htm (accessed: 20 Sep. 2014)

[13] M. Jylha, “Old age and loneliness: Cross-sectional and longitudi-
nal analyses in the Tampere longitudinal study on aging,” Can. |.
Aging, vol. 23, pp. 157-168, Summer 2004.

[14] K. Yang and C. R. Victor, “The prevalence of and risk factors for
loneliness among older people in China,” Ageing Soc., vol. 28,
pp. 305-327, 2008.

[15] B. Havens, M. Hall, G. Sylvestre, and T. Jivan, “Social isolation
and loneliness: Differences between older rural and urban man-
itobans,” Can. |. Aging, vol. 23, pp. 129-140, Summer 2004.

[16] R.S. Cotten, A. W. Anderson, and M. B. McCullough, “Impact of
internet use on loneliness and contact with others among older
adults: Cross-sectional analysis,” ]. Med. Internet Res., vol. 15,
p- €39, Feb. 28, 2013.

JANUARY-MARCH 2017

[17] P.Ebersole, “Loneliness, compassion, and nursing,” Geriatr. Nurs.,
vol. 23, pp. 236-237, Sep./Oct. 2002.

[18] P. D. Department of Economic and Social Affairs, “International
Migration Report 2011: A Global Assessment (United Nations,
ST/ESA/SER.A/316)”

[19] J. Xia, “Analysis of impact of culture shock on individual psy-
chology,” Int. |. Psychological Stud., vol. 1, no 2, pp. 97-101, 2009.

[20] D. M. Eschbach, G. E. Parker, and P. A. Stoeberl, “American repa-
triate employees’ retrospective assessments of the effects of cross-
cultural training on their adaptation to international assign-
ments,” Int. |. Human Resource Manage., vol. 12, pp. 270-287, 2001.

[21] K. Floyd, Communicating Affection: Interpersonal Behavior and Social
Context. Cambridge, U.K.: Cambridge Univ. Press, 2006.

[22] K. Floyd, “Relational and health correlates of affection depriva-
tion,” Western ]. Commun., vol. 78, pp. 383-403, Jul. 01, 2014.

[23] B.]J. Fogg, L. D. Cutler, P. Arnold, and C. Eisbach, “HandJive: A
device for interpersonal haptic entertainment,” in Proc. SIGCHI
Conf. Human Factors Comput. Syst., 1998, pp. 57-64.

[24] R. Hansson and T. Skog, “The LoveBomb: Encouraging the com-
munication of emotions in public spaces,” in Proc. Comput.-Human
Interaction Extended Abstracts, 2001, pp. 433—-434.

[25] A. Chang, S. O'Modhrain, R. Jacob, E. Gunther, and I. Hiroshi,
“ComTouch: Design of a vibrotactile communication device,” in
Proc. DISN, 2007, pp. 312-320.

[26] L. M. Brown and J. Williamson, “Shake2Talk: Multimodal mes-
saging for interpersonal communication,” in Proc. 2nd Int. Work-
shop Haptic Audio Iteraction Des., 2007, pp. 44-55.

[27] A.F.Rovers and H. A. Van Essen, “HIM: A framework for haptic
instant messaging,” in Proc. ACM SIGCHI, 2004, pp. 1313-1316.

[28] A.F.Roversand H. A. Van Essen, “Guidelines for haptic interper-
sonal communication applications: An exploration of foot interac-
tion styles,” Virtual Reality, vol. 9, pp. 177-191, 2006.

[29] M. Eid, C. Jongeun, and A. El Saddik, “HugMe: A haptic video-
conferencing system for interpersonal communication,” in Proc.
IEEE Conf. Virtual Environ., Human-Comput. Interfaces Meas. Syst.,
2008, pp. 5-9.

[30] C.Flynn, “Hug shirt sends love through your cellphone,” 2007.

[31] D. Tsetserukou, “HaptiHug: A novel haptic display for communi-
cation of hug over a distance,” presented at the Int. Conf. Haptics:
Generating and Perceiving Tangible Sensations, Part I, Amster-
dam, The Netherlands, 2010.

[32] A. Haans, C. D. Nood, and W. A. IJsselsteijn, “Investigating
response similarities between real and mediated social touch: A
first test,” presented at the CHI Extended Abstracts on Human
Factors in Computing Systems, San Jose, CA, USA, 2007.

[33] R. Wang and F. Quek, “Touch & talk: Contextualizing remote
touch for affective interaction,” presented at the 4th Int. Conf.
Tangible, Embedded, and Embodied Interaction, Cambridge,
MA, USA: 2010.

[34] ]J. K. S. Teh, A. D. Cheok, R. L. Peiris, Y. Choi, V. Thuong, and
S. Lai, “Huggy pajama: A mobile parent and child hugging com-
munication system,” presented at the 7th Int. Conf. Interaction
Design and Children, Chicago, IL, USA, 2008.

[35] K. Suhonen, S. Muller, J. Rantala, K. Vaananen-Vainio-Mattila, R.
Raisamo, and V. Lantz, “Haptically augmented remote speech
communication: A study of user practices and experiences,” pre-
sented at the 7th Nordic Conf. Human-Computer Interaction:
Making Sense Through Design, Copenhagen, The Netherlands,
2012.

[36] A. Haans and W. A. [Jsselsteijn, “The virtual Midas touch: Help-
ing behavior after a mediated social touch,” IEEE Trans. Haptics,
vol. 2, no. 3, pp. 136-140, Jul.-Sep. 2009.

[37]1 A. Haans, R. De Bruijn, and W. Ijsselsteijn, “A virtual Midas
touch? touch, compliance, and confederate bias in mediated
communication,” ]. Nonverbal Behavior, vol. 38, pp. 301-311, 2014.

[38] M. M. Spapé, E. E. Hoggan, G. Jacucci, and N. Ravaja, “The mean-
ing of the virtual Midas touch: An ERP study in economic deci-
sion making,” Psychophysiology, vol. 52, pp. 378-387, 2015.

[39]1 P. Lemmens, F. Crompvoets, D. Brokken, J. V. D. Eerenbeemd,
and G.-J. D. Vries, “A body-conforming tactile jacket to enrich
movie viewing,” presented at the 3rd Joint EuroHaptics Conf.
Symp. Haptic Interfaces for Virtual Environment and Teleopera-
tor Systems, Salt Lake City UT, USA, 2009.

[40] A. Kargov, C. Pylatiuk, J. Martin, S. Schulz, and L. Doderlein,
“A comparison of the grip force distribution in natural hands
and in prosthetic hands,” Disability Rehabil., vol. 26, pp. 705-
711, 2004.



CABIBIHAN AND CHAUHAN: PHYSIOLOGICAL RESPONSES TO AFFECTIVE TELE-TOUCH DURING INDUCED EMOTIONAL STIMULI

[41]

[42]
[43]
[44]

[45]

[46]

[471

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

J.J. Cabibihan, D. Joshi, Y. M. Srinivasa, M. A. Chan, and A. Mur-
uganantham, “Illusory sense of human touch from a warm and
soft artificial hand,” IEEE Trans. Neural Syst. Rehabil. Engi., vol. 23,
no. 3, pp. 517-527, May 2015.

I.J. Hirsh and C. E. Sherrick Jr, “Perceived order in different sense
modalities,” J. Exp. Psychol., vol. 62, pp. 423-432, 1961.

P. Fraisse, “Perception and estimation of time,” Annu. Rev. Psy-
chol., vol. 35, pp. 1-36, 1984.

I. M. L. C. Vogels, “Detection of temporal delays in visual-haptic
interfaces,” Human Factors, vol. 46, pp. 118-134, 2004.

A. Liu, G. Tharp, L. French, S. Lai, and L. Stark, “Some of what
one needs to know about using head-mounted displays to
improve teleoperator performance,” IEEE Trans. Robot. Autom.,
vol. 9, no. 5, pp. 638-648, Oct. 1993.

E. O’Brien, S. H. Konrath, D. Grithn, and A. L. Hagen, “Empathic
concern and perspective taking: Linear and quadratic effects of
age across the adult life span,” J. Gerontol. - Series B Psychological
Sci. Social Sci., vol. 68, pp. 168-175, 2013.

K. J. Michalska, K. D. Kinzler, and J. Decety, “Age-related sex dif-
ferences in explicit measures of empathy do not predict brain
responses across childhood and adolescence,” Developmental Cog-
nitive Neurosci., vol. 3, pp. 22-32, 2013.

S. Baron-Cohen and S. Wheelwright, “The empathy quotient: An
investigation of adults with asperger syndrome or high function-
ing autism, and normal sex differences,” |. Autism Developmental
Disorders, vol. 34, pp. 163-175, 2004.

M. H. Davis, “Measuring individual differences in empathy: Evi-
dence for a multidimensional approach,” |. Personality Social Psy-
chol., vol. 44, pp. 113-126, 1983.

M. H. Davis and S. L. Franzoi, “Stability and change in adolescent
self-consciousness and empathy,” J. Res. Personality, vol. 25,
pp. 70-87,1991.

L. Christov-Moore, E. A. Simpson, G. Coudé, K. Grigaityte,
M. Tacoboni, and P. F. Ferrari, “Empathy: Gender effects in brain
and behavior,” Neurosci. Biobehavioral Rev., vol. 46, pp. 604-627,2014.
H. Olausson, ]. Wessberg, I. Morrison, F. McGlone, and A. Vallbo,
“The neurophysiology of unmyelinated tactile afferents,” Neuro-
sci. Biobehavioral Rev., vol. 34, pp. 185-191, 2010.

I. Morrison, L. S. Loken, and H. Olausson, “The skin as a social
organ,” Exp. Brain Res., vol. 204, pp. 305-314, 2010.

M. Bjornsdotter, I. Morrison, and H. Olausson, “Feeling good: On
the role of C fiber mediated touch in interoception,” Exp. Brain
Res,. vol. 207, pp. 149-155, 2010.

J.-J. Cabibihan, L. Zheng, and C. Cher, “Affective tele-touch,” in
Proc. 4th Int. Conf. Social Robot., 2012, pp. 348-356.

K. M. Grewen, B. J. Anderson, S. S. Girdler, and K. C. Light,
“Warm partner contact is related to lower cardiovascular reac-
tivity,” Behav. Med., vol. 29, pp. 123-130, 2003.

F. Faul, E. Erdfelder, A.-G. Lang, and A. Buchner, “G"Power 3: A
flexible statistical power analysis program for the social, behav-
ioral, and biomedical sciences,” Behavior Res. Methods, vol. 39, pp.
175-191, 2007. ; )

S. Carvalho, J. Leite, S. Galdo-Alvarez, and O. Gongalves, “The
emotional movie database (EMDB): A self-report and psycho-
physiological study,” Appl. Psychophysiol. Biofeedback, vol. 37, pp.
279-294, Dec. 01, 2012.

J. Cohen, Statistical Power Analysis for the Behavioral Sciences, 2nd
ed. Mahwah, NJ, USA: Lawrence Erlbaum Associates, 1998.

L. K. McCorry, “Physiology of the autonomic nervous system,”
Amer. ]. Pharmaceutical Educ., vol. 71, pp. 1-11, 2007.

R. Malik, A. Paraherakis, S. Joseph, and H. Ladd, “The method of
subliminal psychodynamic activation: Do individual thresholds
make a difference?” Percept. Mot. Skills, vol. 83, pp. 1235-42, Dec.
1996.

S. Guzzetti, E. Borroni, P. E. Garbelli, E. Ceriani, P. Della Bella, N.
Montano, et al., “Symbolic dynamics of heart rate variability: A
probe to investigate cardiac autonomic modulation,” Circulation,
vol. 112, pp. 465-470, Jul. 26, 2005.

N. Montano, A. Porta, C. Cogliati, G. Costantino, E. Tobaldini, K.
R. Casali, et al., “Heart rate variability explored in the frequency
domain: A tool to investigate the link between heart and behav-
ior,” Neurosci. Biobehavioral Rev., vol. 33, pp. 71-80, Feb. 2009.

H. D. Critchley, “Electrodermal responses: What happens in the
brain,” Neuroscientist, vol. 8, pp. 132-142, Apr. 2002.

S. S. Brehm, L. K. Powell, and J. S. Coke, “The effects of empathic
instructions upon donating behavior: Sex differences in young
children,” Sex Roles, vol. 10, pp. 405-416, 1984.

[66]

[67]

[68]

[69]

[70]

(711

[72]

[73]

[74]

[751

[76]

[771

[78]

[791

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

117

N. Eisenberg, R. A. Fabes, M. Schaller, and P. A. Miller,
“Sympathy and personal distress: Development, gender differen-
ces, and interrelations of indexes,” New Directions Child Develop.,
vol. 1989, pp. 107-126, 1989.

N. Eisenberg and R. Lennon, “Sex differences in empathy and
related capacities,” Psychological Bull., vol. 94, pp. 100-131,
1983.

S. D. Kreibig, “Autonomic nervous system activity in emotion: A
review,” Biol. Psychol., vol. 84, pp. 394-421, Jul. 2010.

P. Lang, M. Bradley, and B. N. Cuthbert, “International affective
picture system (IAPS): Affective ratings of pictures and instruc-
tion manual,” 2008.

A. Schaefer, K. Fletcher, C. L. Pottage, K. Alexander, and C.
Brown, “The effects of emotional intensity on ERP correlates of
recognition memory,” Neuroreport, vol. 20, pp. 319-24, 2009.

M. M. Bradley and P. ]. Lang, “Affective reactions to acoustic stim-
uli,” Psychophysiology, vol. 37, pp. 20415, 2000.

M. Zentner, D. Grandjean, and K. R. Scherer, “Emotions evoked
by the sound of music: Characterization, classification, and meas-
urement,” Emotion, vol. 8, pp. 494-521, 2008.

C. Fernandez, J. C. Pascual, J. Soler, M. Elices, M. J. Portella, and E.
Fernandez-Abascal, “Physiological responses induced by emo-
tion-eliciting films,” Appl. Psychophysiol. Biofeedback, vol. 37,
pp- 73-9, 2012.

J.J. Gross and R. W. Levenson, “Emotion elicitation using films,”
Cognition Emotion, vol. 9, pp. 87-108, 1995.

D. Hagemann, E. Naumann, S. Maier, G. Becker, A. Lurken, and
D. Bartussek, “The assessment of affective reactivity using films:
Validity, reliability and sex differences,” Personality Individual Dif-
ferences, vol. 26, pp. 627-639, 1999.

A. Schaefer, F. Nils, X. Sanchez, and P. Philippot, “Assessing the
effectiveness of a large database of emotion-eliciting films: A new
tool for emotion researchers,” Cognition Emotion, vol. 24, pp. 1153—
1172, 2010.

D. T. Lykken and P. H. Venables, “Direct measurement of skin
conductance: A proposal for standardization,” Psychophysiology,
vol. 8, pp. 656-72, Sep. 1971.

J. Healey and R. Picard, “Digital processing of affective signals,”
in Proc. IEEE Int. Conf. Acoust., Speech, Signal Process., 1998, vol. 6,
pp. 3749-3752.

R. W. Picard, E. Vyzas, and ]. Healey, “Toward machine emo-
tional intelligence: Analysis of affective physiological state,” IEEE
Trans. Pattern Anal. Mach. Intell., vol. 23, no. 10, pp. 1175-1191,
Oct. 2001.

G. Vecchiato, L. Astolfi, F. De Vico Fallani, F. Cincotti, D. Mattia, S.
Salinari, et al., “Changes in brain activity during the observation
of TV commercials by using EEG, GSR and HR measurements,”
Brain Topogr., vol. 23, pp. 165-179, 2010.

M. Mendez, A. M. Bianchi, O. Villantieri, and S. Cerutti, “Time-
varying analysis of the heart rate variability during REM and non
REM sleep stages,” in Proc. Conf. IEEE Eng. Med. Biol. Soc., 2006,
vol. 1, pp. 3576-3579.

W. Boucsein, Electrodermal Activity. New York, NY, USA: Plenum,
1992.

J. T. Cacioppo and L. G. Tassinary, Principles of Psychophysiology:
Physical, Social and Inferential Elements, Eds., Cambridge, U.K.:
Cambridge Univ. Press, 1990.

M. Codispoti, P. Surcinelli, and B. Baldaro, “Watching emotional
movies: Affective reactions and gender differences,” Int. ]. Psycho-
physiol., vol. 69, pp. 90-95, Aug. 2008.

A. Indrayan, Medical Biostatistics, 3rd ed. Boca Raton, FL, USA:
CRC Press, 2012.

P. K. Davis, “The power of touch,” 1999.

B. Baldaro, M. Mazzetti, M. Codispoti, G. Tuozzi, R. Bolzani, and
G. Trombini, “Autonomic reactivity during viewing of an unpleas-
ant film,” Percept. Mot. Skills, vol. 93, pp. 797-805, Dec. 2001.

J.J. Gross and R. W. Levenson, “Emotional suppression: Physiol-
ogy, self-report, and expressive behavior,” . Pers. Soc. Psychol.,
vol. 64, pp. 970-986, Jun. 1993.

D. Palomba, M. Sarlo, A. Angrilli, A. Mini, and L. Stegagno,
“Cardiac responses associated with affective processing of
unpleasant film stimuli,” Int. |. Psychophysiol., vol. 36, pp. 45-57,
Apr. 2000.

A. Steptoe and ]. Wardle, “Emotional fainting and the psycho-
physiologic response to blood and injury: Autonomic mechanisms
and coping strategies,” Psychosom. Med., vol. 50, pp. 402-417, Jul./
Aug. 1988.



118 IEEE TRANSACTIONS ON AFFECTIVE COMPUTING, VOL.8, NO.1,

[91] M. Carruthers and P. Taggart, “Vagotonicity of violence: Bio-
chemical and cardiac responses to violent films and television
programmes,” Brit. Med. ]., vol. 3, pp. 384-349, Aug. 18, 1973.

R.J. Lewis, V. ]. Derlega, A. Shankar, E. Cochard, and L. Finkel,
“Nonverbal correlates of confederates’ touch: Confounds in touch
research,” J. Social Behavior Personality, vol. 12, pp, 821-830, 1997.
S. Carvalho, J. Leite, S. Galdo-Alvarez, and O. F. Gongalves,
“Psychophysiological correlates of sexually and non-sexually
motivated attention to film clips in a workload task,” PLoS ONE,
vol. 6, p. €29530, 2011.

[92]

[93]

John-John Cabibihan (SM’14) received the
PhD degree in bioengineering from the Scuola
Superiore Sant’Anna, Pisa, Italy, in 2007. Concur-
rent with the PhD studies, he was awarded an
international scholarship grant in 2004 by the
Ecole Normale Supérieure de Cachan, France.
Therein, he spent one year at the Laboratoire de
Mécanique et Technologie. From 2008 to 2013,
he was an assistant professor at the Electrical and
Computer Engineering Department, National Uni-
versity of Singapore, where he also served as
the deputy director in the Social Robotics Laboratory and an Affiliate Fac-
ulty member at the Singapore Institute of Neurotechnologies (SINAPSE).
He is currently an associate professor at the Mechanical and Industrial
Engineering Department, Qatar University. He serves at the Editorial
Boards of the International Journal of Social Robotics, International Jour-
nal of Advanced Robotics Systems, Frontiers in Bionics and Biomimetics,
and Computational Cognitive Science. He was also the General chair of
the 6th IEEE International Conference on Cybernetics and Intelligent Sys-
tems (2013), Program chair of the 4th International Conference on Social
Robotics (2012), and Program Co-chair of the 2nd International Confer-
ence on Social Robotics (2010). Over the years, his work has been
focused towards research areas that can help uplift human dignity. These
are in assistive and social robotics for the therapy of children with autism,
lifelike prosthetics, bioinspired tactile sensing, and human-robotic touch
and gestures. He is a senior member of the IEEE.

JANUARY-MARCH 2017

Sushil Singh Chauhan received the bachelor’s of
technology degree in electronics and instrumenta-
tion from Vellore Institute of Technology, India, in
2011, and the master’s in science degree in electri-
cal engineering with specialization in automation
and control from the National University of Singa-
pore in 2013. He is currently a senior research
engineer at Delta Electronics Singapore working
on the Internet of Things (loT) for smart sensors
taxonomy, smart sensor selection, Bluetooth Low
Energy (BLE) and hardware development, integra-
tion, testing, and deployment. Previously, he was a research assistant at
Singapore Institute for Neurotechnologies (SINAPSE), where he worked
on peripheral nerve injury to build and program implantable devices like
muscle stimulator for animal studies. He was a research engineer at the
NUS Department of Electrical and Computer Engineering. His research
interests are in the field of smart sensors, BLE, loT, biomedical engineer-
ing, physiological measurement, social robotics, and robotics for autism
assessment and early intervention.

> For more information on this or any other computing topic,
please visit our Digital Library at www.computer.org/publications/dlib.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


